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1. OEJA U 3AJAYHN OBPAZOBATEJIBHOI'O YYHEBHOI'O KYPCA
«XUMHS HA AHIVIMUCKOM» IS ITIPO®UJIBHBIX KJIACCOB
MEJAUIHUHCKOHU HAITPABJIEHHOCTH

HNOACHUTEJIBHAS 3AIIUCKA

Pabouas mporpamma o00pa3oBaTenbHOTO y4eOHOTO Kypca A MpO(UIBHBIX
KJIAQCCOB MEJUIIMHCKON HANpPaBICHHOCTH «XHUMHUSA HA AHTIAWCKOMY» JUIS y4YalUuXCs
cpenHuX 00pa30BaTENbHBIX IIKOJ COCTaBJI€Ha B COOTBETCTBUU C DedepanvbHbim
3akonom (@3) om 29.12.2012 N 273-D3 (peo. om 03.07.2016) "O6 obpazosanuu &
Poccuiickoti @edepayuu” (¢ uzm. u oon., ecmyn. ¢ cuny c¢ 01.09.2016). Pabouas
porpamMma yuuThIBaeT nojoxxkenus Cmamou 14. AH3vik 00pazosarnus, B 4aCTHOCTH
nyHKma 5, YKa3bIBaIOIIETO0, 4YTO «0Opa3oBaHHE MOXET ObITh IMOJY4YeHO Ha
MHOCTPAHHOM SI3bIKE B COOTBETCTBHM C 00pa30BaTEIbHOM MPOrpaMMOI U B MOPSJIKE,
YCTaHOBJIEHHOM  3aKOHOJATEIbCTBOM 00  00pa3oBaHMM U JIOKAJbHBIMU
HOPMATHUBHBIMU aKTaMU OpraHU3allid, OCYLIECTBISIIONIEH 00pa3oBaTENIbHYIO
NEeATENbHOCTbY, W MyHKma 06, YKa3bIBAIOLIErO, YTO <«SI3bIK, S3BIKM OOpa30BAHMS
ONpeaesIOTCS JIOKaJIbHBIMH HOPMATUBHBIMH aKTaMu OpraHu3alluu,
OCYUIECTBJISIONIEH  00pa30BaTENbHYIO JIESATENBHOCTh 10  PEAIU3YyEMbIM  €IO
00pa3oBaTeIbHBIM IPOTpaMMaM, B COOTBETCTBHUH C 3aKOHOJIATENILCTBOM Poccuiickoii
Oenepanm».

Copepxanue paboyeil  mporpaMMbl — SIBJSIETCS ~ MHTEIPUPOBAaHHBIM B
METO/JOJOTUYECKOM IUIAHE M OXBAThIBAET OTACJIBHBIE pa3/elibl CMEXHBIX (M
HECME)KHBIX) YUYEOHBIX TUCIUILINH.

OOpazoBaTenbHbIA YUEOHBIH Kypc JJIS MPO(HUIBHBIX KIIACCOB MEIUIIMHCKOMN
HallPpaBJIICHHOCTH  «XUMHS  Ha  QHIVIMICKOM» [ YyYalluXcid  CPEeIHUX
o0Opa3oBaTeNbHBIX IIKOJ (Janee Kypc) OpUEHTHPOBAH HA JOBY30BCKYIO MOATOTOBKY.
B cooTBeTCTBHM C OCHOBHBIMM 3aJjauaMy WHTErPalliy MEAUIIMHCKOTO 00pa30BaHUs
P® B MexayHapoAaHOE MPOCTPAHCTBO BBHICIIErO MPO(ECCHOHATBLHOTO O0pa30BaHUs
MHTEHLUS Kypca MpeAyCMaTpUBAET €ro BHEAPEHHE B CUCTEME CPEIHEro (IOJHOTO)
oOmiero 0Opa3oBaHUs M HANpaBJIC€HA HA MPEAMETHYIO NPO(YHIBbHYIO OPHEHTALUIO
y4ammxcs MKoiI-napTHEpoB B oOpazoBatearHoM npoctpaHcTtBe PI'BOY BO Ilepsoiii
MI'MY um. U.M. CeuenoBa Munzapasa Poccun.

[Ipu mnoctpoeHun pabodeil mporpamMmbl Kypca MpEANoarajioch, UTO
KOHTUHIEHT 00y4aeMbIX — 3TO NPEeIMETHO-MOTHBUpOBaHHbIe Yywamuecs 10-11
NpO(UIBHBIX KJIACCOB MEIMIIMHCKOW HAMpaBIEHHOCTH, BIAJICIOIIME AHTIUHCKUM
SI3bIKOM TMPENOYTUTENRHO Ha ypoBHE B1, B2, HO He HUXke ypoBHS A2.

Metononoruyeckass cucreMa Kypca OpHEHTHpoBaHa Ha 3(ddexTuBHOE
YCBOCHUE 3HAHWUU M OTPAOOTKY YMEHUU y4alluxcsl MPU YTEHWUU, HHTEPIPETAIIUU U
PEILICHUY 3aJaHUN 110 XMMUH Ha aHTJIMHMCKOM S3bIKE.

Kypc Brirouaer yrinyOneHHOE M3ydeHHe M30paHHBIX Pa3feioB OOIIEH XUMUHU
Ha aHTJIMHACKOM SI3bIKE U IIPEAYCMaTPUBAET:

» TpeAMETHBIN TEPMUHOJIOTUIECKUI TPEHUHT Ha aHTJIMICKOM SI3BIKE;
» UTEHHWE, UHTEePIPETAINIO U PEIICHUE 3aJaHHi 0 XUMHUH Ha aHTJINHCKOM
SA3BIKE;
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» OTpabOTKy MPaKTHYECKHX HABBIKOB I10 HWHTEPIPETAIMA U PEIICHHIO
3aJIaHUN 110 XMMUH Ha aHTJIMACKOM S3BIKE;

» CHCTEMYy KOHTPOJBHBIX TECT-OJIOKOB JUIS IOJIHOTO M BBIOOPOYHOTO
TPEHUHTa II0 HAyYHOM XHWMHUYECKOM TEPMHHOJIOTUH, KOHTPOJIS
3G ()EKTUBHOCTH YCBOCHWS 3HAHWA YyYaIIUMUCS W OIECHKH YPOBHS
OBJIQJICHHUSI MTPAKTUYECKUMH HABBIKAMH IPH YTCHUH, UHTEPHPETALNU U
PEILICHUY 3aJaHUI M0 XUMUH Ha aHTJIMMCKOM SI3bIKE;

» pazbop TEMaTHYECKHX pa3JieioB IMPOTrpaMMbl M pEIICHHE 3aJaHul
MEXKIYHAPOIHBIX 3K3aAMEHOB MO XUMUH.

2. TPEBOBAHUS K YPOBHIO OCBOEHUSI COJIEP) KAHUS
OBPA3OBATEJBHOI'O YYEBHOI'O KYPCA «XUMMS HA
AHTJIMACKOM»

OobecneuynBaeMble KOMIIETEHIINH

1. BnaneHue KynbTypoH OWJIMHIBAJIbHOIO HAyYHOTO  MBIIUICHUS,
CHOCOOHOCTh K BOCHPHUATHIO HMH(QOpMalMK, MOCTAHOBKE UEIU U
BBIOOPY IyTEH €€ JOCTUKEHUS, aHAIU3Y U 0000UIEHUIO.

2. YMeHHe JIOTHYECKH BEpHO, apryMEHTHPOBAaHHO M SCHO CTPOUTH
YCTHYIO M MIHCbMEHHYIO HAYYHYIO PE€Yb HA aHTJIIUIICKOM SI3bIKE.

3. Oco3HaHue CONMAIBHON  3HAYMMOCTH  Oyaymed  mpodeccun,
o0JiajaHue BBICOKOW MOTHBAI[MEH K TMOJYYEHUIO 3HAHWM, YMEHUU U
HaBBIKOB  JUIA  YCHEIIHOM  MHTErpalMid B MEXAYHapOIHOE
o0pa3oBaTeIbHOE IIPOCTPAHCTBO 1o €CTECTBEHHO-HAyYHbIM
JUCLUTIIINHAM.

4. 3naHue Hay4YHOM MH(pOpPMAIUH, OTEUECTBEHHOTO M MEXIYHapOIHOTO
OTIbITA 10 MPOPHIBHOMY MEIUIIMHCKOMY HalpaBJICHUIO.

B pesynbrare ocBoeHUs Kypca 00y4aeMblil 10J17KEH 3HATh:

1.

HayyHyro TEpMHUHOJIOTMIO U TEOPETUYECKUE OCHOBBI B COOTBETCTBHM C
0a30BbIMU TEOPETUUYECKUMH OJOKaMM, BKJIIOYAIOIMIMMU TEPMOXUMHUIO,
XMMHUYECKOE PABHOBECUE, XUMUYECKYIO KHHETUKY U 3JIEKTPOXUMHUIO.

Ponp u 3HaueHue yriiyOJI€HHOTO M3YYEHUs] XUMHUHM Ha AHTJIMUCKOM SI3BIKE
JJISl yCTICIITHOTO OCBOEHUS OyAyIled MEAUITMHCKOM CIeIUaTIbHOCTH.
OCHOBHBIC TPUHIMIBI U TOAXOJbl K OWJIMHTBAJIBHOMY IEPEBOIY
(aHTIMICKUNM-PYCCKUM, PYCCKUW-aHTIIUMNUCKUI) HAy4YHBIX XUMHUYECKUX
TEKCTOB.

OOyuaeMblii 10/IZKEH yMETh:

1.

[IpousBoanTs  TPaMOTHBI  OWIMHTBAIBHBIM  (AHTJIMACKHUI-PYCCKHIM,
PYCCKUM-aHTIIMMCKUI) YCTHBIM W THUCBMEHHBIM TMEpPEeBOJI HAyYHBIX
XUMUYECKUX TEKCTOB B COOTBETCTBHM C 0a30BBIMH TEOPETHUECKUMHU
OJIOKaMH.

PemaTte TecTOBBIC 33JaHNS U YIIPAKHEHUS IO XMMHUM HA aHTJIMMCKOM SI3bIKE
B COOTBETCTBUU C YIIIYOJICHHOU MPOrpamMMOii.
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3.

4.

Pemiate XMMHMYECKME paCueTHbIE 3aJaud M NPUBOJUTH IHCHBMEHHOE
pellICHUE HAa aHTJIMHCKOM S3bIKE.

CamocTtosiTennbHO paboTaTh ¢ ydeOHOM, HAyYHOW U  CIPABOUYHOMN
auTeparypoid, 3(h(PEKTHUBHO OPHUEHTHUPOBATHCS B CICIHATU3HPOBAHHBIX
XAMHUYECKUX CalTax ceTu HTEpHET HA aHTJIMMCKOM SI3BIKE.

[IpuMeHSATh MOTYyYEHHBIE MPU OCBOCHUM 00pa30BaTEIBLHOIO Kypca 3HaHMS,
YMEHUS W NPAKTUYECKUE HABBIKA IO YTCHUIO, IEPEBOAY U PEIICHHIO
3alaHdid 0 XWMHHM Ha aHTJIMACKOM SI3bIKE TIPU OBJIAJCHUH Oyaymien
MEJIUIIMHCKOM CEIUaIbHOCTBIO.

Oobpaszosamenvuulit yueoHwlil Kypc «Xumusa Ha AH2IUILCKOM) UHMEZPUPOBAH
CO CeOyIomUMU YUeOHBIMU OUCUUNTUHAMU:

AHTIIUHACKUN SI3BIK.

ook whE

dusuka.
Anrebpa.
['eomerpus.
buonorus.
HNudopmaTuka.

3. OBFBEM KYPCA U BUJIbl YYEBHOM PABOThHI

HopmaTuBHbBIN CPOK 00y4eHHs — 6 MecsiLeB

Ne Bup yueonoii TpyroeMkocTh IIpumepHoe dopma
n/n padoThI (4ace) pacmpenejeHue | IMPOMEKYTOYHOM/
mno UTOTOBOM
NOJIYroausiM* arTecTalnu
1 2
KosmuecTBo
He/lelb
12 13
1 2 3 4 5 6
1. TpenuHru no 6
Teopuu
1.1 | Teopemuueckuii 610K 1 +
1 «OcHoBBI
TEPMOXHMUI
1.2 | Teopemuueckuii 610K 3 +
2 «XUMHYECKOe
paBHOBECHE)
1.3 | Teopemuueckuii 610k 1 +
3 «OcHOBBI
XAMHYECKON
KHHETHKW




1 2 3 4 5 6

1.4 | Teopemuueckuii 610K 1 +
4 «OCHOBBI
DIICKTPOXUMHUI)

2. TepMuHOJIOTHYECKHE 6 + +
TPEHUHTH 110
TeOpeTHYECKHM
0J10KaM

3. TpeHunru no 20 + +
0TpadoTKe HABBIKOB
110 UHTEPIPETANH U
PelLIeHUI0 3aJaHui
HA aHIVIMHCKOM
si3bIKe

4, Ipukaagnbie 6 +
TPEHUHTH M0
peleHuIo 32 aHui
MEKTYHAPOAHBIX
3K3aMEHOB IO XUMHH
Ha aHTJIMHCKOM
SI3bIKE

5. TecTupoBaHue Kypca 10

5.1 | Tecm-konmponws I 1o 2 + 3auer
TEOPETHYECKOMY
0510ky «OCHOBBI
TEPMOXHMHUI

5.2 | Tecm-koumpono 2.1 2 + 3a4er
0  TEOPETHYECKOMY
00Ky «XHUMHUYECKOE
paBHOBECHE»

5.3 | Tecm-koumpono 2.2 2 + 3a4uer
0  TEOPETHYECKOMY
00Ky «XHUMHUYECKOE
PaBHOBECHEY»

5.4 | Tecm-konmponb 3 1O 2 + 3a4er
TEOPETUIECKOMY
OJI0Ky «OCHOBBI
XAMHYECKON
KHHCTUKI

5.5 | Tecm-koumponv 4 10 2 + 3a4er
TEOPETHYECKOMY
OIoKy «OCHOBBI
ICKTPOXUMHUID

6. HTorosas 2 + IK3aMeEH
aTrrecranus

OO0mas Tpy10eMKOCTh Kypca 50

* B koyoHKax 4-5 CHMBOJIOM «+» OTMEYEHBI MOJYTrOAMs I KOHKPETHOTO BHUIA

yueOHOU pabOoTHI.



4. COAEP)KAHUE KYPCA
|. Teopemuueckuit 610k 1. OCHOBBI TEPMOXUMHUM.

Tunbl TEpMOAMHAMUYECKUX CUCTEM. UEIIOBEUECKUN OPraHU3M KaK
TePMOJIMHAMHUYECKAs CUCTeMA. TepMOXUMHUYECKHE peakiuu. TermioBoi ahdexT
XUMUYECKUX peakiuid. JHTanbnus. CTaHJapTHAS SHTAJIBINS XUMUYECKOU peaKIuu.
PacdeTtsl 1o TepMoxuMudeckuM ypaBHeHUsAM. CTaHIapTHAS SHTAIBIIUS 00pa30BaHUs
BemiecTBa. CTanaapTHas SHTAIBIIKA CrOpaHus BemecTBa. 3akoH ['ecca.
OHranenuiinag quarpamma. [Ipaktuaeckoe npunoxenue 3akona ['ecca.

1. Teopemuueckuii 610k 2. XumMmuueckoe paBHOBeCHeE.

Xumuueckoe paBHoBecue. OO0paTuMble U HEOOpaTUMbIE XUMUUECKUE PEAKIIUU.
Brnusaue pa3iauuHbiXx (AKTOPOB HAa CMEUICHUE PABHOBECHUS XUMHUYECKHX H
OMOXUMHUYECKUX mporeccoB. [IpuHIMI CMENIeHUsT XUMHUYECKOrOo PaBHOBECHS
(mpunmun Jle [arenwe). Ilpaktuueckoe mnpunoxenue npunnuna Jle Illatensbe.
[ToHnaTHE TEPMOIMHAMUYECKOW KOHCTAHTHI PABHOBECHS. 3aKOH ACHCTBYIOIINX Macc.
XUMHUYECKOe  paBHOBecMe B ra3oBod  ¢aze. IlapumanbHoe — naBieHue.
AHecresupyrouiee napieHue. MloHHble paBHOBecHs. Te€Opur KHUCIOT U OCHOBAHUU.
IIporommntnueckas teopuss bpencrena-Jloypu. ConpsiKeHHBIE KUCIOTHO-OCHOBHBIE
napbl. KOHCTaHTa KHCIIOTHOCTH, KOHCTaHTa OCHOBHOCTH. MOHHOE€ mpowu3BencHue
Boabl. Pacuer pH. CreneHp M KOHCTaHTa JUCCOIMALMM. 3aKOH pPa3BEICHUSA
OcTBajpaa.

I11. Teopemuueckuii 610k 3. OCHOBBI XUMMYECKOI KMHETUKH.

CkopocTh XUMHYECKOW peakiuu. DakTopbl, BIUAIONIME Ha CKOPOCTH
xumudeckoil peakiuu. [Ipasuwno Bant-T'odda. Teopus akTUBHBIX CTOJKHOBEHUH.
[TonsiTe SHEepruM akTUBAIMHM. DHEPTETHUUECKHN TPOYHUIb XUMUYECKOW PEaKIIHH.
[IpakTUueckoe MPUIOKEHUE OCHOB XHWMHUYECKOW KHHETUKHM K OHOXUMUYECKUM
IIPOLIECCaM.

V. Teopemuueckuit 610k 4. OCHOBBI JJIEKTPOXUMHUM.

OKHUCIUTETFHO-BOCCTAHOBUTEIIBHBIC PEAKIUU. DJIEKTPOHHO-UOHHBIN OanaHc.
DJIEKTPOIU3 PACIUIABOB M PACTBOPOB JJIEKTPOJUTOB. [IpakThueckoe NpuiIoKEeHUE
OCHOB JICKTPOXUMUU K OUOXUMUUYECKUM MPOIECCaM.

V. Tpenuncu no unmepnpemauyuu u peuwieHUI0 3A0AHUIL MeIHCOYHAPOOHBIX
IK3AMEHO8 NO XUMUU.



HPUMEPHOE KAJIEHJAPHO-TEMATUYECKOE IINTAHUPOBAHUE

OO0pa3oBaTeJbHOr0 y4e0HOro Kypca st NpoQuiIbHBIX KJIACCOB MeAHIIMHCKOM
HanpasjaeHHocTu «XUMHUSA HA AHI'VIMUCKOM»
JJISl YYalIMXCH CPEeAHUX 00pPa30BaTe/IbHBIX LIKOJI

Yyeouas Tema Tun TpennHra KoanuyecTBO Bun
HeJeJIs 4acoB KOHTPOJIfA
1 2 3 4 5
Teopemuueckuii 010k 1. OCHOBbI TEPMOXHMHUH

Heneas 1 Twurmnsr TeopeTnueckui, 2 TecT-ompoc
TEPMOANHAMUYECKUX TEPMUHOJIOTUYECKUM.
cucreM. YenoBeueckui
OpraHu3M Kak
TepMOAMHAMUYECKAs
cucrema.
Tepmoxumuueckue
peakuuu. TernoBoit
3 (HEeKT XUMUIECKIX
peakuuii. DHTaJIbIINS.
CranpapTHasi SHTAIBIHS
XUMHUYECKON PEaKIUU.

Heneast 2 Pacuers! 1o TeopeTnueckui, 2 TecT-ompoc
TEPMOXUMHUYECKUM TEPMUHOJIOTUYECKUM.
YPABHEHUSM. OTpaboTKa HAaBBIKOB 110
CranpmapTHast SHTaIbBINS MHTEpIpETALHNH u
o0pa3zoBaHMs BEIIECTBRA. PEIICHUIO TECTOBBIX
CranpapTHas SHTAIbINSA 3alaHU M PacyeTHBIX
CrOpaHusl BEIIECTBA. 3az1ay.
3akoH ['ecca.

Hepneas 3 Pacuetsl no TepMUHOIOTMYECKU . 2 Tect-onpoc
TEPMOXHUMHUYECKUM OTpaboTKa HABLIKOB IO
YpaBHEHUSM WHTEpIpETAI u
(mpomoIKeHue). PELIEHUI0 TECTOBBIX U
[IpakTrueckoe pacyeTHBIX 3aj1a4.
MPUJIOKEHUE 3aKOHA
I'ecca.

Henens 4 Tect-kouTpoiar 1 mo | KoHTpoabHBIN. 2 Tect-
TeopeTHYeCKOMY  OJIOKY KOHTPOJIb
«OCHOBBI TEPMOXHUMHUM.

Teopemuueckuii 610k 2. XuMH4ecKoe paBHOBeCHe

Hepneas S XuMuueckoe paBHOBecHE. | TeopeTuyeckui, 2 TecT-ompoc
ObpaTtumsie U | TEPMUHOJIOTUYECKUH.
HeoOpaThMbIe OTpaboTKa HABLIKOB IO
XUMUYECKUE peakIuu. | MHTEPIpeTaun u
Bnusaue Pa3IMYHBIX | PEIICHUIO TECTOBBIX

(GakTOpoB Ha CMEIICHHE
PaBHOBECHUSI XUMHUYECKUX
Hu OMOXMMHUYECKUX

3aJaHuH.




MPOIECCOB. [Tpunimn
CMCHICHUA XUMHUYCCKOT'O
paBHoBecus (mpuHuun Jle
[llaTenne).

Henenas 6 [TpunImn cMeleHus | TepMUHOIOTHYECKU . TecT-ompoc
XUMHUYECKOro paBHOBecHs | OTpabOTKa HABBIKOB 10O
(mpomomxeHue). WHTEPIPETAINH u
[IpakTnueckoe pELIEHNUIO TECTOBBIX
MPUWIOKEHUE  NPHUHIMNA | 3aIaHUM.

Jle Hlarense.

Hepnens 7 ITonsaTne Teopernueckuii Tect-onpoc

TEPMOAMHAMUYECKON TEPMUHOJIOTUYECKUM.
KOHCTaHTbl ~ paBHOBecHs. | OTpabOTKa HABBIKOB 110
3akoH JNEUCTBYIOUIUX | HHTEPIPETALUU U
Macc. pEIIECHHUIO TECTOBBIX

3alaHUl M PacUETHBIX
3a/1a4.

Heneas 8 XumHuueckoe paBHoOBecue | TeopeTnuueckuit TecT-ompoc
B ra3oBoi ¢aze. | TEPMHUHOIOTUIECKHN.

[Mapunansnoe paBnenue. | OTpaboTKa HABBIKOB MO
AHecre3upyroniee UHTEPIPETALNH u
JIaBJICHUE. PELICHUIO TECTOBBIX
3alaHU M PacCUETHBIX
3azay.

Heneas 9 TecT-koHTpOabL 2.1 mo | KoHTponpHbIi Tecr-
TeopeTHYecKoMy OJI0KY KOHTPOJIb
«XHMHYECKoe
PaBHOBECHE».

Henens 10 | MoHHbIe paBHOBecus. | TeopeTuyeckui, TecT-ompoc
Teopun KHCJIOT U | TEPMUHOJIOTHYECKU.

OCHOBaHMM. OTpaboTKa HAaBBIKOB 110

ConpspkeHHbIE KHUCIIOTHO- | HHTEPIpETaliu u

OCHOBHBIE IapBhl. pEIIEeHHUIO TECTOBBIX
3aJlaHUN.

Hepeas 11 HNounsie paBHOBecus. | TeopeTuyeckui, TecT-ompoc
KoHcTaHTa KHCIIOTHOCTH, | TEpPMUHOJOTUYECKUI.

KOHCTaHTa  OCHOBHOCTH. | OTpabOTKa HaBBIKOB 1O
Honnoe IIPOU3BENICHUE | UHTEPIIPETALNN u
BoJel. Pacuer pH. pELIECHUIO TECTOBBIX
3aJJaHUil U PACUETHBIX
3az1ay.

Henens 12 Crenenb u  KoOHCTaHTa | TeopeTuyeckui, TecT-ompoc
JUCCOLUAIUH. 3aKOH | TEPMUHOJIOTHYECKHH.
pa3Benenus OcTBayibaa. OT1paboTKa HABBIKOB 10

MHTEpIIpETANU u
PEILIEHUIO TECTOBBIX
3aJlaHUA U PACUYETHBIX
3ajad.

Heneasi 13 | Tecr-kouTposis 2.2 mo | KoHTposbHBII Tecr-
TeopeTHYecKoMy OJI0KY KOHTPOJIb

«XHUMHYeCcKoe
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PaBHOBECHE».

1 2 3 4 5
Teopemuueckuii 610k 3. OCHOBbI XMMU4€CKOW KUHETUKH
Heneas 14 Ckopoctb xumuyeckon | Teopernueckuii, 2 TecT-ompoc
peaKkuuu. @DakTOpBl, | TEPMUHOJIOTMYECKUH.
BIUSIONIME Ha CKOpocTh | OTpaboTKa HABBIKOB MO
XUMHUYECKON peakiuu. | UHTEpIpeTaluu u
[IpaBuno Bant-TI'odda. PEIICHUIO TECTOBBIX
3alaHU M PacCUETHBIX
3ajay.
Heneas1 15 | Teopus aKTUBHBIX | TeopeTnueckuii, 2 Tect-onpoc
CTOJIKHOBeHUH. [loHsTHE | TEPMUHOIOTUUECKUIA.
SHEPTUU aKTUBAIUU.
DHepreTu4ecKuil mpoQuiib
XMMHYECKON PEAKIIUU.
Heneas 16 DOueprerudeckuil mpodpmwib | TepMHUHOIOTHYECKHIA. 2 TecT-ompoc
XUMHUYECKON peakuuu | OTpaboTKa HaBBIKOB IO
(mpomomxkeHue). WHTEPIPETALNH u
[IpakTuueckoe PEIICHUIO TECTOBBIX
MIPUIIOKEHUE IpaBuUia | 3aJaHUN UM  PEHICHUIO
Bant-T'odda. pacueTHBIX 3ajJau.
Henensn 17 Tecr-kouTpoar 3 mo | KoHTposbHbIN 2 Tect-
TeopeTHYecKkoMy OJIOKY KOHTPOJIb
«OCHOBBI  XHUMHMYECKOI
KHHETHKID).
Teopemuueckuit 610k 4. OCHOBBI 3J1eKTPOXUMHH
Henens 18 OKUCIUTEIBLHO- Teoperuueckuii, 2 Tect-onpoc
BOCCTAHOBUTEIIbHBIE TEPMUHOJIOTUYECKUM.
peaKkuuu. OnexkTpoHHO- | OTpaboTKa HABBIKOB T10
MOHHBIN OaaHc. WHTEPIIpETAlUU u
pEIIEeHHUIO TECTOBBIX
3aJJaHUll U PACUETHBIX
3ajad.
Henmenst 19 | Dnexrponus pacruiaBoB u | TeopeTuueckui, 2 Tect-onpoc
PacTBOPOB 3JIEKTPOJIMUTOB. | TEPMUHOJIOTUYECKUM.
OtpaboTKa HaBBIKOB IO
WHTEPIIpETAlUU u
pEIIEeHHUIO TECTOBBIX
3aJaHUN U PACUETHBIX
3azay.
Henensi 20 | Onexktponu3 paciuiaBoB M | Teopernueckui, 2 Tecr-onpoc
PacTBOPOB 3JEKTPOIUTOB | TEPMUHOJIOTHYECKUH.
(mponoyKeHue). OT1paboTKa HABBIKOB 110
WHTEPIPETAII u
PEILIEHUIO TECTOBBIX
3aJlaHUA M PACUYETHBIX
3azay.
Henensn 21 Tecr-kouTpoar 4 mno | KoHTposIbHBIN 2 Tect-
TeopeTHYecKoMy  OJI0KY KOHTPOJIb
«OcHOBBI
JIEKTPOXUMM D).
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1 2 3 4 5

Henenst 22 | Tpenunr 1 [IpuknagHoit 2 TpeHuHr no
10 HHTEPNPETAIUN U HHTepHpe-
peleHu 10 3a1aHu i Taluu "
MEKIYHAPOTHBIX pelieHnIo
IK3aMEHOB 110 XHUMHH HA 3aJaHui
AHTJIMHCKOM SI3BIKE.

Henenst 23 | TpeHunr 2 [IpuknagHoit 2 TpeHuHr no
M0 WHTEpPNpeTaluu U HHTEepHpe-
peleHu 1o 3adaHui Tauu ) |
MEKIYHAPOTHBIX pelieHnIo
3K3aMEHOB II0 XUMHH HA 3alaHmii
AHIJIHICKOM SI3BbIKE.

Henenst 24 | Tpenunr 3 [IpuknagHoit 2 TpeHuHr no
M0 HWHTEpPNpeTauu U HHTepHpe-
peleHn 1o 3adaHui TAUH ) |
MEKIYHAPOTHBIX pelieHnIo
3K3aMEHOB II0 XHMHH HA 3alaHMii
AHIIHICKOM fI3BbIKE.

HUTOI'OBAS ATTECTALUSA
Hepens 25 Hrorosas arrecramus MOHHUTOPUHT OLIEHKH 2 JK3aMeH
KauyecTBa 3HAHMII

Oopa3uvt 3a0anuii KOHMPOALHLIX MECH-010K08 0J151 HOJIHOZ20 U 8blOOPOUHO20
MpPEeHUH2a N0 HAYYHOU XUMUYECKOU MEPMUHOI02UU, KORMPONA Ihhekmuenocmu
YCB0eHUA 3HAHUIL YUAUIUMUCA U OUEHKU YPOBHA 0611A0eHUA NPAKMUYECKUMU
HABBIKAMU NPU YMEHUU, UHMEPNPEMAayuU U peuieHuU 3a0aHull N0 XUMUuu Ha
AH2NTUTICKOM A3bIKE

1. At the beginning of a reaction the reaction rate for the reactants
(1) largest, then decreasing
(2) largest and remains constant
(3) smallest and remains constant
(4) smallest, then increasing

2. In the equilibrium reaction A + B <> AB + heat (in a closed container), how could
the forward reaction rate be increased?

l. By increasing the concentration of AB

Il. By increasing the concentration of A

I1l. By removing some of product AB

(A) lonly
(B) Il only
(C) I, 1 and Il

(D) Il and Il only
3. How many times will the rate reaction 2A + B — A,B change if the concentration
of substance A is doubled, and that of substance B is halved?

12




4. For the reaction 2NO(g) + O,(g) — 2NOy(g) how will the rate of the reaction
change if

(1) the pressure in the system is increased three times

(2) the volume of the system is diminished to one-third of the initial value

(3) the concentration of the NO is increased three times?

5. For the reaction of ethyl acetate alkaline hydrolysis by sodium hydroxide
(a) write the chemical equation and name the reaction products
(b) calculate the temperature coefficient value if the rate of the reaction grows 6.8
times when the temperature is increased by 30°C.

6. Examine the following diagram and answer the questions.

Diagram 1.
>
o
)
c
w
s
c
D
o
a

Reaction Coordinate
Task 1.

In this graphic representation of a chemical reaction

(1) arrow A depicts
(2) arrow B depicts
(3) arrow C depicts
(4) arrow D depicts
(5) arrow X depicts

(A) The potential energy of the reactants

(B) The potential energy of the products

(C) The heat of the reaction for the forward reaction
(D) The activation energy of the forward reaction
(E) The activation energy of the reverse reaction

Draw the missing arrow X at the Diagram 1.
Task 2.
Is this reaction exothermic or endothermic? Give explanation.

13



7. When dissolved in water, a weak acid HA partially dissociates as shown below
HA < H + A
The degree of dissociation, a, is defined as the fraction of HA dissociated in water.
The dissociation constant, Ka, is defined as the product [H*][AT] divided by [HA],
where the brackets denote the concentrations of the respective chemical species. Give
the appropriate answers to the following questions.
(1) Setting the initial concentration of HA as c, write an expression of Ka using o
and c.
(2) Show an expression of [H*] using Ka, ¢ and cs;; when HA and a corresponding
sodium salt NaA are dissolved together in water with initial concentration of
[HA] = c and [NaA] = cg. Provided that x >>y, you can use an approximate
equation X £y = X

8. When dissolved in water at the concentration of 1 mol L™, which of the substances
1) to 4) exhibits the lowest pH?

(1) HCI (2) HF (3) CH,COOH 4)
H,S

9. Which of the solutions 1) to 4) exhibits a pH value of 2?
(1) 0.01 mol L™ aqueous solution of acetic acid

(2) 0.05 mol L™ sulfuric acid

(3) 0.01 mol L™ hydrochloric acid

(4) 1x10™*mol L™ aqueous solution of sodium hydroxide.

10. Give the appropriate name of the compound or ions for (A) to (D) below using
chemical formulas. The e” denotes an electron.
The overall reaction in a fuel cell that uses KOH as electrolyte is written as follows,
2H2 + 02 —> 2H20
At the anode, (A) is oxidized by the reaction

(A)+2(B) > 2(C) + 2e
At the cathode, (D) is reduced by the reaction

(D) +2(C) +4e— 4(B)

11. Give the appropriate name of compounds that contain calcium for (A) to (D) by
the chemical formulas.

(i) The reaction of metallic calcium with water produces (A). (B) is obtained by the
reaction of (A) with carbon dioxide.

(if) Oxidation of metallic calcium produces (C). The reaction of (C) with water
produces (A).

(iii) Both (A) and (B) produces (D) by their reactions with hydrogen chloride.
Metallic calcium is obtained by the electrolysis of (D).

14



12. Give the appropriate values for (A) and (B) in the sentences below.

1 mol of graphite is completely oxidized to carbon dioxide while evolving 394 kJ of
heat, and 1 mol of carbon monoxide is completely oxidized to carbon dioxide while
evolving 283 kJ of heat. At 0°C, under 1 atm (A) L of oxygen is required to oxidize 1
mol of graphite to carbon monoxide with the heat evolution of (B) kJ.
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5.2 CpeacrBa o0ecnieyeHUs1 0OCBOCHUA Kypca
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KOMIIBIOTEPHBIE MOJEIH, ayJIHO- M BHAECOMATEPHANbl MO XUMUHA Ha AHTIMHACKOM
A3BIKE.
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CHAPTER |
FUNDAMENTALS OF THERMOCHEMISTRY

Thermodynamics is the branch of science that is concerned with the
transformation of energy.

Chemical thermodynamics considers the mutual conversions of various forms
of energy attending chemical reaction and phase transition. Chemical
thermodynamics is one of the main ways of studying chemical processes.

The main goal of chemical thermodynamics is finding solutions of the most
important problems of chemical processes, namely:

A. The quantitative determination of the energy effects attending chemical
processes

B. The establishment of whether processes can occur spontaneously under
the given conditions

C. The determination of the conditions for the spontaneous occurring of
processes with a given yield of the products

Basic Definitions

For the purposes of physical chemistry, the universe is divided into two parts,
the system and its surroundings. The system is the part of the world in which we
have a special interest.

By a THERMODYNAMIC SYSTEM is meant any macroscopic part of the
Universe being studied. This is generally an assembly of bodies conditionally
separated from the surrounding world. It may be a reaction vessel, an engine, an
electrochemical cell, a biological cell, and so on.

In other words, a THERMODINAMIC SYSTEM is a body or a group of
bodies separated from the surroundings by an interface (boundary).

Bodies outside the confines of thermodynamic system are generalized by the
term SURROUNDINGS. The surroundings are where we make our measurements.

The type of system depends on the characteristics of the boundary that divides
it from the surroundings. A thermodynamic system when coming into contact with its
surroundings can exchange matter and energy with them.

If matter can be transferred through the boundary between the system and its
surroundings the system is classified as OPEN.

If matter cannot pass through the boundary the system classified as CLOSED.
For example, a closed system can expand and thereby raise a weight in the
surroundings, and it may also transfer energy to them if they are at lower
temperature.

Both open and closed systems can exchange energy with their surroundings.

A thermodynamic system that can exchange neither mass nor energy with its
surroundings is called ISOLATED. An isolated system is a closed system that
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has neither mechanical nor thermal contact with its surroundings. Such systems do
not exist in nature and they are only of theoretical importance.

A part or set of parts of a thermodynamic system having identical physical and
chemical properties is called PHASE. A system consisting of one phase is
HOMOGENEOUS. Examples are mixture of gases, an unsaturated solution, and a
mixture of petroleum products. If a system consists of several phases separated from
one another by interfaces, it is HETEROGENEOUS. Examples are a mixture of
water and petroleum products, a saturated solution with an excess of salt as a
precipitate, and melting ice.

The physical characteristics of a thermodynamic system (the mass, volume,
temperature, pressure, composition, energy, heat capacity, surface tension are called
THERMODYNAMIC PRORERTIES. The latter are divided into two groups. One of
them includes the properties used to express the quantitative characteristics of a
system (the mass, volume, energy, heat capacity). These properties are called
EXTENSIVE. The other group combines properties used to express the qualitative
characteristics of a system (the temperature, pressure, composition, density, surface
tension). These properties are called INTENSIVE.

In an isolated thermodynamic system, all macroscopic changes stop with time,
and the value of any of the thermodynamic properties at each point remains constant
in time. The system arrives at thermodynamic equilibrium, and it is called
EQUILIBRIUM one. As long as the thermodynamic properties in a system change, it
remains non-equilibrium one.

In other words, a system is in EQUILIBRIUM with its surroundings when it
has no tendency to undergo spontaneous change.

An adult human body is also characterized by a relative constancy of many
parameters including the constancy of many biochemical variables. In fact, these are
concentrations of biologically active substances. However, such a state cannot be
called equilibrium since it does not apply to open systems. It is correct to say that the
body is characterized by the stationary state. The stationary state is characterized by
the constancy of parameters when the system exchanges both matter and energy with
its surroundings and rate of exchange is constant.

The mass, volume, pressure, temperature, and composition of an equilibrium
thermodynamic system are called the PARAMETERS of STATE.

A change in the parameters of state of a system is called a
THERMODYNAMIC PROCESS.

Three thermodynamic processes are distinguished depending of which of the
parameters of state remains constant during the process. They are: an ISOTHERMAL
process occurring at a constant temperature of the system (T = const); an ISOBARIC
process occurring at a constant pressure of the system (p = const); an ISOCHORIC
process occurring at a constant volume of the system (V = const).

Neglecting insignificant temperature fluctuation in homoiothermal animals,
modeling living systems can be confined to ISOBARIC-ISOTHERMAL processes
occurring when both pressure and temperature are constant. Thus, the isobaric-
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isothermal process in closed systems is the simplest model to describe real processes
occurring in living systems.

Energy manifests itself in nature in various forms. The course of physics tells
us about the kinetic and potential energies of a body moving in space relative to an
observer.

Thermodynamics studies forms of energy not depending on the position of the
body being studied in space. This form of energy participates in all thermodynamic
processes, i.e. in mutual conversions HEAT and WORK. It was first described by the
founder of theoretical thermodynamics, the well-known German physicist R.
Clausius, and called INTERNAL ENERGY. It is designated by U for a
thermodynamic system as a whole.

The internal energy of a thermodynamic system is the sum of the energies of
motion and interaction of the diverse particles it consists of such as molecules, ions,
electrons, protons, and neutrons:

U:Ek‘l‘Ep‘l‘ECh‘l‘En
where Ey and E, are the kinetic and potential energies of the particles of the body, E,
Is the energy of interaction of the intramolecular particles of the body, and E, is the
energy of interaction of the intranuclear parts of the body.

The Kkinetic energy of particles is the energy of their thermal motion; it is
sometimes called the heat energy.

The potential energy of the particles of a body characterizes their mutual
attraction (internal pressure).

The energy of interaction of the intramolecular particles of a body
characterizes the composition and structure of its molecules and changes only as a
result of chemical transformations of the substance. This is why it is sometimes
called the chemical energy.

The energy of interaction of the intranuclear particles of a body characterizes
the composition and structure of the nuclei of its atoms and changes only in nuclear
transformation of a substance. It is accordingly usually called the nuclear energy.
The composition and structure of the nuclei of atoms in chemical transformations
remain unchanged. Consequently, in all the physicochemical processes we are to
study, the nuclear energy remains constant, i.e. E,, = const.

The internal energy is a property of a system. In other words, in addition to the
temperature, pressure, volume, mass, and other parameters of state, it can be used to
characterize the state of a system. The internal energy is extensive property, i.e. its
value depends on the amount of substance in a system. When a system consist of
many parts, its internal energy equals the sum of the internal energies of the
constituent parts:

Usyst = U]_ + U2 + ...t Uk
where U; U,, ..., Ugare the values of the internal energies of the 1%, 2", k —th parts
forming the system.

Our present state of knowledge does not allow us to even approximately assess
the value of the chemical and nuclear energies of substance. Hence, we cannot
estimate the absolute value of the internal energy of a system. For practical purposes,
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it is sufficient to now the change (A) in the internal energy of a system due to the
change in its state, i.e. when a process occurs:

AU =U, - U,
where U; and U,are the values of the internal energy of the system in its initial and
final states.

The change in the internal energy of a system occurring as a result of a process
consisting of consecutive stages (the state of the system changes from the initial one
through intermediate stages to the final one) equals the sum of the changes in its
internal energy in the 1%, 2", ..., n-th individual stages of this process:

AU = AU; + AU, + ... + 4U,
where AU;, AU,, ..., AU, are the changes in the internal energy of the system in the
separate stages of the process.

The properties of the internal energy are summarized in the FIRST LAW of
THERMODYNAMICS, otherwise known as the LAW of ENERGY
CONSERVATION. It states that ENERGY CAN TRANSFORM FROM ONE
FORM INTO ANOTHER, BUT IT CANNOT APPEAR OR VANISH. The total
energy of an isolated system is constant.

In practical thermodynamics, it is more convenient to use more specific
variants of formulation of the fist law. For example, as applied to thermomechanical
systems, i.e. systems exchanging energy in the form of heat and mechanical work
with their surroundings, the following variants of the law are more convenient: THE
CHANGE IN THE INTERNAL ENERGY OF A SYSTEM EQUALS THE HEAT
RECEIVED BY THE SYSTEM MINUS THE WORK DONE BY THE SYSTEM
ON ITS SURRONDINGS:

AU=Q-W

THE HEAT RECEIVED BY A SYSTEM IS SPENT ON INCREASING ITS

INTERNAL ENERGY AND DOING WORK ON THE SURROUNDINGS:
Q=AU+W

Here Q is the heat imparted to the system, and W is the work done by the system on

its surroundings.

It should be noted that the heat received by thermodynamic system from its
surroundings is assumed to be positive. The work, conversely, is assumed to be
positive if it is directed from the system into the surroundings, and negative if it is
directed from the surroundings into the thermodynamic system.

The change in the internal energy of a system does not depend on the path of
the process, but depends only on the initial and final states of the system. This
signifies that the internal energy, being a property of a system, depends on its state,
i.e. is a THERMODYNAMIC FUNCTION OF STATE OF THE SYSTEM. This is
one of the remarkable properties of the internal energy.

Heat and work, unlike internal energy, depend on the path of a process and
characterize not a system, but a process occurring in it.
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Heat and work are not energy in its direct meaning, but are forms of its
transmission, i.e. energy exchange occurring between a thermodynamic system and
its surroundings.

The internal energy characterizes the state of thermodynamic system and does
not depend on how the system acquired the given state. Heat and work, on the other
hand, characterize a thermodynamic process occurring in a system. They appear
when the process begins, attend it, and stop existing when the process terminates.

The difference between heat and work lies in their physical nature.

Heat is a manifestation of the exchange of energy between particles a result of
the chaotic collisions between them. The hotter particles collide with colder ones and
give up a part of their kinetic energy to them, i.e. “heat” them. The latter, in turn,
collide with the following colder particles, “share” their energy with them, and so on
until all particles have acquired the same energy. This explains the dispersion of heat
and its direction from a region with a higher temperature to one with lower
temperature.

Work is the transfer of energy by moving matter. Work manifests itself in
nature by a diversity of forms. For example, when a body (an assembly of particles)
moves in space under the action of an applied force, mechanical work called
mechanical energy is performed; when charges move in an electric field, electrical
work is performed; it is called electrical energy. Radian energy, i.e. the motion of
electromagnetic waves, is also a variety of work.

The external difference between heat and work consists in that the former is
realized in a temperature field, and the latter in a force field. The internal energy is
measured in joules (J).

Heat and work are measured in the same units as internal energy, so that they
are a measure of the change in the internal energy of a system.

The heat, work, and internal energy are THERMODYNAMIC FUNCTIONS.

Thermodynamic Functions in the Basic Reversible Processes

Isochoric process.

If a system is separated from its surroundings by a rigid shell (mechanical
isolation), its volume remains constant when all the other parameters of state (p, T,
etc.) change.

The equation of the first law of thermodynamics (4U = Q — W) acquires the
following form 4U, = Q,

Isobaric process.

If a thermodynamic system is confined by a weightless movable shell, then
when all the parameters of state change (V, T, etc.), the pressure in the system will
equal that of the surroundings and will remain constant if the pressure in the
surroundings does not change. According to the first law of thermodynamics, the
heat directed into the system is spent both to change the internal energy of the system
and to perform mechanical work on the surroundings (Q = AU + W)

Qp=4U + W,
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ENTHALPY

The energy of any open thermodynamic system consists of its internal energy
and the additional energy appearing as a result of its introduction into another system,
e.g. surroundings. This form of energy, i.e. the energy of a system exchanging both
energy and matter with its surroundings, was named the ENTHALPY (from Greek
enthalpein — to heat in). It is designated by the symbol H.

The enthalpy is a more complete characteristic of the energy of a
thermodynamic system. It can be used to describe both open and closed systems,
whereas the internal energy is acceptable only for closed system.

Being a function of state, the enthalpy has all the properties of internal energy:

1. Only a single value of the enthalpy corresponds to definite state of a system.

2. Being an expression of the energy of a thermodynamic system, the enthalpy

IS an extensive quantity, i.e. it is proportional to the amount of substance of
a system.

The enthalpy of a composite system equals the sum of the enthalpies of its

constituent parts:

H= H]_ + H2 + ...+Hk

3. A change in the enthalpy of a thermodynamic system does not depend on

the path of process and characterizes only the result of a change in the state
of the system:
AH = H; — H; = (U + poVo) — (Ug + piVa) = AU + pVo — piVs
4. The total change in the enthalpy of a system as a result of a process
consisting of n consecutive stages equals the sum of the changes of its
enthalpy in all stages of the process:
AH = AHl + AHZ +... AHn

Heat Effect of a Reaction

Depending on the nature of a system (of the reactants and products) a chemical
process in it is attended by the absorption or evolution of heat.

If the heat of a chemical process is directed from a system into its surroundings
(Q < 0) , the process is EXOTHERMIC (oxidation, hydrogenetion, halogenation,
polymerization, polycondensation, etc.).

If heat of the chemical process is directed from the surroundings into a system
(Q > 0), the process is ENDOTHERMIC (reductation, dehydrogenation, pyrolysis,
hydrolysis, etc.).

The heat of chemical process depends on the conditions under which the
process occurs. In this connection, we distinguish isobaric and isochoric heat effects
of a reaction. The heat of chemical process occurring at p = const and equal
temperatures of the initial T; and final T, states of a system, i.e. T; = Ty, is called the
isobaric heat effect Q, of the relevant reaction. The heat of a chemical process
occurring at V = const and T, = T, is called the isochoric heat effect Q, of the
relevant reaction.

The isochoric heat effect of a reaction equals the change in the internal energy
of the system:
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Q, =4U
While the isobaric heat effect of the reaction equals the change in the enthalpy of the
system:

Q,=4H

The masses of the reactants, their states of aggregation, temperature, and
pressure are the most important factors influencing the heat effect of a reaction. The
concept of the standard heat effect of a reaction has been introduced for simplifying
calculations and for standardization.

The heat of a chemical process occurring at standard temperature and
pressure (298 K and 101 kPa) with the formation of one mole of the product is
called the standard heat effect of a reaction.

Hess’s Law

Equations Q, = 4U and Q, = 4H reveal that the heat effect of a reaction has
the properties of a function state because it is the heat of a process occurring under
the specific conditions p = const or V = const and equal temperatures of the initial
and final states of a system.

Thus signifies that the heat effect of a reaction depends on the initial and final
states of a system and does not depend on its intermediate states. This conclusion,
which is corollary of the fist law of thermodynamics, was made by Hess when
analyzing experimental data and was named Hess’s law. It states that the heat effect
of a chemical reaction does not depend on the path of the reaction, i.e. on its
intermediate states, but is determined only by the nature of the reactants and
products and their state.

Hess’s law is of a major practical and theoretical significance. It can be used to
find the heat effect of any reaction without performing direct measurements.

Heat of Formation

To compare the characteristics of various phenomena or object, one must
introduced a common “reference point” or “bench mark”. This is done, for instance,
when describing the altitude of a locally relative to sea level taken as reference point
for measuring altitudes, or when describing the geographical longitude of a locality
relative to the position of the Greenwich meridian taken as the zero one, etc. The
enthalpy has to be measured in a similar way because to date there is and in the future
there will be no possibility of determining its absolute value.

The enthalpy of simple substances is considered to be the same for all
elementary substances in stable states of aggregation at standard temperature and
pressure. It is adopted as the initial reference point for the enthalpy of a substance in
chemical practice. Examples of such elementary substances are gaseous chlorine,
liquid mercury, crystalline iodine, rhombic sulfur, gaseous oxygen, crystalline
aluminium, graphite, and liquid bromine. One these grounds, the energies of other
substances are characterized by the relevant changes in the enthalpy occurring when
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they are formed from simple substances, in other words, by their heat of formation:
the heat effect of the reaction of formation of one mole of a substance from the simple
substances at standard temperature and pressure (298 K and 101 kPa) is called the
heat of formation of the substance.

The heats of formation are given in reference books on the subject.

Heat of Combustion

Most organic substances are known to form carbon dioxide and water when
they burn. Consequently, if we adopt the enthalpy of the combustion of products
(CO, and H,0) as our initial reference point, then for thermodynamic calculations of
most organic reactions we can use the relevant changes in the enthalpy occurring in
the combustion of substances, or in other words, the heat of combustion: the heat of
combustion is the heat effect of a reaction of oxidizing one mole of a substance by
gaseous oxygen to its higher oxides at p = const and equal temperatures of the initial
and final states of the system (T, = T),).

(The combustion of nitrogen-containing organic compounds proceeds with the
formation of N,).

To use the heats of combustion in thermodynamic calculations, they must be
standardized, i.e. converted to identical conditions: the standard heat of combustion
Is the heat effect of a reaction of oxidizing one mole of substances by gaseous oxygen
to its higher oxides at standard temperature and pressure (298 K and 101 kPa).

Corollaries of Hess’s Law
Hess’s law has a multitude of diverse formulations that are called its
corollaries. We have acquainted ourselves with one of them when considering the
determination of the heat effect of an individual stage reaction. Below are given two
more corollaries that are widely used in thermochemical calculations.

1. Calculation of the heats of reactions from the heats of formation of
the substances participating in them: the heat effect of a reaction
equals the sum of the heats of formation of the products less the sum
of the heats of formation of reactants.

AHrO: ZthOj - ZhiHOi
where
AH % is the standard enthalpy of reaction;
HC are the standard enthalpy values of formation of products (j) and
reactants (i);
n are the stoichiometric numbers.

2. Calculation of the heats of reactions from the heats of combustion of
the substances participating in them: the heat effect of a reaction
equals the sum of the heats of combustion of the reactants less the
sum of the heats of combustion of products.

AHrO: ZhiHOi - ZthOj
where
AH/? is the standard enthalpy of reaction;
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HC are the standard enthalpy values of combustion of products (j) and
reactants (i);
n are the stoichiometric numbers.

END-OF-CHAPTER | QUESTIONS

. Classify each processes as exothermic (I) or endothermic (11):

(@) The burning of magnesium in air

(b) The crystallization of copper (I1) sulfate from a saturated solution
(c) The thermal decomposition of magnesium nitrate

(d) The fermentation of glucose by yeast

(e) The evaporation of sea water

. The energy change occurring in the chemical reaction at constant pressure is
known as:

(a) Entropy change

(b) Enthalpy change

(c) Free energy change

(d) Internal energy change

. Enthalpy is an expression for the
(a) Heat content

(b) Energy state

(c) Reaction rate

(d) Activation energy

. The ordered form of energy transmission is:
(@) Internal energy

(b) Heat

(c) Work

(d) Enthalpy

. The disordered form of energy transmission:
(a) Work

(b) Enthalpy

(c) Internal energy

(d) Heat

. The property of being able to add enthalpies is based on the
(@) Law of Conversation of Heat

(b) Fist Law of Thermodynamics

(c) Law of Constants

27



(d) Law of E = mc?

7. Standard conditions (STP) are
(a) 0°C and 2 atm
(b)32°F and 76 torr
(c) 273 K and 760 mm Hg
(d)1°C and 7.6 cm Hg
(e) 0 Kand 760 mm Hg

8. The AH{° of a reaction is recorded for
(a)0°C
(b)25°C
(c) 20°C
(d)37°C

9. If AH, is -120 kcal, it indicates the reaction is
(a) Endothermic
(b) Exothermic
(c) Reversible
(d) Irreversible

10. Classify each of the following reactions as AH,°, AH°, or AH.’:
(2) MgCOs(s) — MgO(s) + CO(9)
(b) C (graphite) + O,(g) — CO,(9)
(c) HCI(g) + NH3(g) — NH4CI(s)
(d)Hx(g) + 1/20,(g) — H,0 ()

11. Calculate the AH® for the decomposition of methane to C(s) and diatomic gas
using the following data:
CHy(g) +20,(g) — COx(g) + 2H,0(g); AH® = -191.8 kJ/mol
CO,(g) — C(s) + 0x(g); AH® = 94.0 k)/mol
H,0(g) — H. (g) + 1/20,(g); AH° = 57.8 kJ/mol

(@) 17.8 kJ/mol
(b) 401.4 kJ/mol
(c)-17.8 kJ/mol
(d)-401.4 kJ/mol

12. Calculate the heat of ethanol formation using the following data:
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C,HsOH(l) + 30,(g) — 2C0O,(g) + 3H,0(g); AH =-327.0 kcal/mol
H,0(g) — Hx(g) + 1/20,(g); AH = 68.3 kcal/mol
C(s) + O,(g) > COx(g); AH =-94.1 kcal/mol

(a) -66.1 kcal/mol
(b)66.1 kcal/mol
(c) 67.2 kcal/mol
(d)-67.2 kcal/mol

13. The combustion of ethane produces carbon dioxide and water vapor. The
balanced reaction is:
2C,Hs(9) + 70,(g) — 4CO2(g) + 6H20(0)
AH{® (C;Hg) = -20.2 kcal/mol
AH? (CO,) = -94.1 kcal/mol
AH{® (H,0 (g)) = -57.8 kcal/mol
Calculate the heat of reaction for ethane combustion, if mass of ethane is equal
to 60 g.

(a) -341.4 kcal
(b) -254.3 kcal
(c) -505.8 kcal
(d) -682.8 kcal

14. What is the AH° value for the decomposition of sodium chlorate?
NaClO3(s) — NaCl (s) + 3/20,(g)

AH° (NaClOs(s)) = -85.7 kcal/mol

AH’ (NaCl(s)) = -98.2 kcal/mol

(a) 173.9 kcal/mol
(b)-173.9 kcal/mol
(c)-12.5 kcal/mol

(d) 12.5 kcal/mol

(e) 3/2 (173.9 kcal/mol)

15. If 0.8 mol of NO is converted to NO, in the following reaction, what amount of
heat will be evolved?

2NO(g) + O,(g) — 2NO,(g) + 150 kJ

(a) 30 kJ
(b)60 kJ
(c)80 kJ
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(d) 130 kJ
() 150 kJ

16. How much heat energy is released when 8 g of hydrogen are burned? The thermal
equation is 2H, + O, — 2H,0 + 136.64 kcal

(a) 68.32 kcal

(b) 102.48 kcal
(c) 136.64 kcal
(d) 273.28 kcal
(e) 546.56 kcal

17. How much heat is released by the following reaction 2Na(s) + Cl,(g) — 2NaCl(s)
+ 822 kJ, if 0.5 mol of sodium reacts completely with chlorine?

() 205.5 k]
(b) 411 kJ
(c) 822 kJ
(d) 1644 kJ
(€) 3288 kJ

18. Calculate the standard heat effect for the iron (I1) sulfide formation reaction, if
known that when 2.1 g of iron were combined with sulfur, 3.77 kJ are evolved.

19. Draw an enthalpy diagram and calculate AH,° for the reaction
2AI(S) + Fe,05(s) — 2Fe(s) + Al,O5(s)
(AH{[AILO3(s)] = -1675.7 kd/mol; AH{’[Fe,05(s)] = -824.2 kJ/mol)

20. Calculate the AH® value for the reaction of magnesium oxide dissolution in water
using the following data

MgO(s) + 2H*(aq) — Mg**(aq) + H,O(l); AH® = -145.6 kJ/mol

H,O(l) — H"(aq) + OH(aq); AH® = 57.5 kJ/mol

21. Calculate the standard enthalpy change for methane combustion reaction using
the following reference values: AH{’[CO,(g)] = -393.5 kJ/mol; AH{’[H,0(g)] = -241.8
kJ/mol; AH’[CH.(g)] = -74.9 kJ/mol.

22. The reduction of 12.7 g of copper (Il) oxide with coal is accompanied by the

release of carbon monoxide (AH;’[CO(g)] = -110.5 kJ/mol) and absorption of 8.24 kJ.
Calculate the standard enthalpy value of copper (I1) oxide formation reaction.
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23. Upon the complete combustion of ethylene with the formation of liquid water,
6226 kJ were evolved. Calculate the volume of oxygen that entered into the reaction
under standard conditions. The standard heat of ethylene combustion reaction is equal
to -1411 kJ/mol.

24. Calculate the value of standard enthalpy for the reactions of glucose
transformation proceeding in organism:
(1) CeH1206(8) + O2(g) — 6CO2(9) + 6H-0O(1)
(i) CsH1206(s) — 2C,HsOH(I) +2C0O,(g)
AH{’ [CO4(g)] = -393.5 kJ/mol
AH{ [H,0 (1)] = -286.0 kJ/mol
AH¢ [C,Hs0H ()] =-277.6 kJ/mol
AHf0 [C6H1206(S)] =-1264.0 kJ/mol
Which of these reactions supplies more energy to the organism?

25. When ethanol is used as a fuel, combustion takes place as shown in the equation
below
C,Hs0OH(I) + 30,(g) — 2C0O,(g) + 3H,0(l); AH® = -1367 kJ/mol.
Calculate the standard enthalpy change of formation of ethanol using the following
data

AH{’ [CO,(g)] = -393.5 kJ/mol

AH{ [H,0 (1)] = -286.0 kJ/mol

26. Calculate the standard enthalpy value for ethanol formation reaction from
acetaldehyde and hydrogen by thermochemical cycles, using

(a) The standard enthalpy values of formation

(b) The standard enthalpy values of combustion

Substance AH{ / kJ mol™ AH® / kJ mol™
Ethanol (1) =277 -1367
Acetaldehyde (1) -192 -1167
Hydrogen (g) - -286

Comment on two answers.

27. Give the appropriate values for (A) and (B) in the sentences below.

1 mol of graphite is completely oxidized to carbon dioxide while evolving 394 kJ of
heat, and 1 mol of carbon monoxide is completely oxidized to carbon dioxide while
evolving 283 kJ of heat. At 0°C, under 1 atm (A) L of oxygen is required to oxidize 1
mol of graphite to carbon monoxide with the heat evolution of (B) kJ.
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CHAPTER I

CHEMICAL EQUILIBRIUM

Characteristics of Equilibrium

An equilibrium reaction has four particular features under constant conditions:
> Itis dynamic
The phrase dynamic equilibrium means that the molecule or ions of reactants and
products are continuously reacting. Reactants are continuously being changed to
products and products are continuously being changed back to reactants.
» The forward and reverse reaction occur at the same rate
At equilibrium the rate of the forward reaction equals the rate of the backward
reaction. Molecules or ions of reactants becoming products, and those in the
products are becoming reactants, at the same rate.
» The concentration of reactants and products remain constant at

equilibrium

The concentrations remain constant because, at equilibrium, the rates of the
forward and backward reactions are equal. The equilibrium can be approached
from to directions.
> It requires a closed system
A closed system is one in which none of the reactants or products escapes from the
reaction mixture. In an open system some matter is lost to the surroundings.
Many chemical reactions can be studied without placing them in closed containers.
They can reach equilibrium in open flasks if the reaction takes place entirely in
solution and no gas is lost.

The Law of Mass Action

The Law of Mass Action states that at constant temperature of a chemical
system, the product of the equilibrium activities of the products raised to powers
corresponding to their stoichiometric coefficients in the reaction equation divided by
the product of the equilibrium activities of the reactants raised to powers
corresponding to their stoichiometric coefficients is a constant quantity. It is called
the thermodynamic equilibrium constant, Kc.

Ke=[Z]"IWI" / X [YT

xX+yY < wW+2z7)
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Le Chatelier’s Principle
In 1884, the French chemist H. Le Chatelier (1850-1936) formulated the
PRINCIPLE of DISPLACEMENT of EQUILIBRIUM (now generally called the
Le Chatelier’s Principle) for the rapid qualitative determination of the direction of the
shift in chemical equilibrium when the external conditions change:

if a system in stable equilibrium is subjected to a perturbation that changes
any of the conditions determining the position of this equilibrium, the latter will
tend to shift to counteract the effect of the perturbation.

In it simplest form Le Chatelier’s principle is the following statement:
When a system at equilibrium is subjected to a disturbance, it responds by
tending to minimize the effect of the disturbance.

Le Chatelier’s principle for the effect of concentration

If more of a substance participating in an equilibrium being considered is
added to the system, a process begins that is aimed at consuming a part of the added
substance. This process will continue until equilibrium is restored. Conversely, the
removal of reactant from an equilibrium system will induce processes aimed at the
formation of an additional amount of this component. This is why the measures
taken to increase the yield of a product include the maintaining of a high
concentration of the reactants and the removal of the products formed in the
course of the process.

For example,

1o increase the yield of the ammonia
Na(g) + 3Hx(g)<=>2NHi(g), 4H’ < 0
¢(N,) and c(H,) T
¢(NH;) <

Le Chatelier’s principle for the effect of temperature
If the temperature of an equilibrium chemical system is increased (by
supplying heat to it), a process begins in the system that is aimed at lowering its
temperature (the absorption of heat). Conversely, if the temperature of an equilibrium
system is lowered (by removing heat from it), a process begins in the system that is
aimed at raising its temperature (the evolution of heat). For this reason, the yield of
the products of exothermic processes (AH < 0) is increased by the conducting them at
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a lower temperature, and of endothermic ones (AH > 0) by conducting them at a
higher temperature.

In other words, raising the temperature of a reaction at equilibrium will shift
the composition in the direction corresponding to an endothermic process.

Lowering the temperature will shift the composition in the exothermic
direction.

For example,

1o increase the yield of the ammonia
Na(g) + 3Hy(g)>2NH;(g), 4H" <0
T

Le Chatelier’s principle for the effect of pressure
If the pressure of an equilibrium chemical system is increased, a process begins
in the system that reduces the pressure in it by lowering the number of moles of the
gaseous components. Conversely, if the pressure in a system is decreased, a process
begins in it that raises its pressure by increasing the number of moles of the gaseous
components. Hence, an increase in the pressure causes a system to alter its
composition so as to reduce the pressure.
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When a reaction at equilibrium is compressed (from a to b), the reaction responds by
reducing the number of molecules in the gas phase.

(In this case by producing the dimers represented by the ellipses).

This is why a higher yield of the products in the processes where the number of
moles of the gaseous components of the system grows, is obtained by lowering the
pressure as much as possible, and in processes where the number of moles of the
gaseous components of the system diminishes a higher yield is obtained by raising
pressure.

For example,
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1o increase the yield of the ammonia
Na(g) + 3Hy(g)>2NH;(g), 4H" <0

p 1
ACID-BASE EQUILIBRIA

There are three main concepts of acids and bases in chemistry. These are
Arrhenius theory of acids and bases, Bronsted-Lowry, and Lewis theories.

Class of Definition of Acids and Bases according to
Substances Arrhenius Brensted-Lowry Lewis
Theory Theory Theory
Acids Donor of H* Donor of H* Acceptor of an
electron pairs
Bases Donor of OH" Acceptor of H” Donor of an
electron pairs

To describe reactions accompanied by changes in the acid-base properties of
reactants modern chemistry uses the theory of acids and bases developed by Danish
chemist J. N. Bronsted and the English chemist T.M. Lowry in 1923.

The Bronsted-Lowry classification of acids and bases

A Brensted acid, HA, is a proton donor.

HA (aq) + H;0 (1) & H;O" (aq) + A’ (aq)

A Brensted base, B, is a proton acceptor.

B (aq) + H,0 (1) & HB" (aq) + OH'(aq)

Conjugate base
The conjugate base of an acid HA is the base A" formed proton loss from the
acid HA.

HA (aq) + H,O (I) & H;0" (aq) + A" (aq)

a

b

1

CH;COOH + H,0 < H;0" + CH;COO"

a

1

b

1

1



NH; + H,0 < NH, + OH
a b
2 2
Conjugate acid
The conjugate acid of a base B is the acid BH" formed by proton transfer to the
base.

B (aq) + H,O (1)  HB" (aq) + OH (aq)

b a
1 1

NH; + H,0 < NH, + OH"
b a

1 1
CH;COOH + H,0 < H;0" + CH;COO
b a

2 2

The equilibrium system of undissociated acid and conjugate base or
undissociated base and conjugate acid being referred to as a conjugate acid-base pair.

Molecules and ions able to interact both with acids and bases are called ampholytes.

The strength of acids is determined by their ability to donate a proton, and that
of bases by their ability to accept it. The measure of this ability is the acidity constant
in relation to acid and the basicity constant in relation to base.

Acidity Constant
The acidity constant, K,, of an acid (including the conjugate acid of a base) is a
measure of the proton-donating strength of the acid to water. It is defined as follows

HA (aqg) + H,0 (I) < H;0"(aq) + A" (aq)
Ka=[H:0"T[A]/[HA]

Acidity constants are also termed “acid ionization constants” and (less
appropriately) “dissociation constants”.
The significance of pK,
It is common to report acidity constants as their negative logarithms in the
form
PKa = - logK,

Note that the lager the value of pK, the weaker the acid.
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Basicity Constant
The basicity constant, Ky, of a Brensted base is a measure of its ability to
accept a proton from water.

It is defined as follows
B (aq) + H,0 (I) & HB*(aq) + OH'(aq)
Ky = [HB"] [OH]/ [B]

Basicity constants are also termed “base ionization constants” and (less
appropriately) “dissociation constants”.

The significance of pKj

It is common to report bacisity constants as their negative logarithms in the
form
pKp = - logKy

Note that the lager the value of pK, the weaker the base.

The relation between K, and K,

In modern work, it is rare to employ and report the basicity constant itself.
Instead, the strength of the base is expressed in terms of the acidity constant of
conjugate acid of the base (that is, in terms of the pK, of the acid HB").

The two quantities are related by
pKa + pr = pKw

alternatively
KKy = Ky

where K,, is the ion product of water. It follows that the larger the pK, of the
conjugate acid, the stronger the base.

The pH of a Solution
The formal definition of the pH is
pH = - log a(H")

where a(H") is the activity of the hydrogen ions in the solution.

The pH of pure water is 7.0 at 25°C, and this value corresponds to a neutral
solution at this temperature; pH > 7 corresponds to a basic solution and pH < 7
corresponds to an acidic solution.
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The relation between pH and pOH

The quantity pOH is sometimes encountered
pOH = -log a(OH)).

A convenient relation is pH + pOH = pK,,

where K, is the ion product of water.

Dissociation of Water
Water molecules have a limited tendency to dissociate (ionize) into H" and OH
H,O < H" + OH
Note that the dissociation is reversible.
The tendency of water dissociate is given by
K =[H"][OH]/[H,0]

Where the terms in brackets represent concentrations of hydrogen ions,
hydroxyl ions, and undissociated water molecules at equilibrium; that is when the rate
of the forward reaction (dissociation) equals the rate of the backward reaction
(association) and K is the equilibrium constant, or the dissociation constant of water.

At 25°C, the value of Ky is 1.8 x 10,

lon Product of Water
Since undissociated water is present in great excess, its concentration is
virtually constant (55.56 mol).
(The molar mass of water equals 18 g mol™; therefore, in 1 L, or 1000 g, there
is 1000/18 mol of water).

[H,O] = 55.56 mol
K =[H"]1[OH]/[H,0]
1.8 x 10"°=[H"] [OH] / 55.56
1 x10"*=[HT[OH]=K,
This constant value for the concentration of water can be incorporated into the
dissociation constant to give a new constant, the so-called ion product of water, or K,,
Kw=[H][OH]

At 25°C,
Kyw=1x10™
It is important to realize that the ion product of water is constant for all
aqueous solutions, even those contain dissolved acids (proton donors) or dissolved
bases (proton acceptors).
> If a larger number of hydrogen ions (protons) are added to pure water,
the concentration of OH" ions must decrease in order that the ion product
of water will remain 10™ at 25°C.
» Conversely, if a larger number of hydroxyl ions are added, the
concentration of protons will have to decrease.
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SOLUTIONS OF ELECTROLYTES
Degree of Dissociation and Dissociation Constant

Electrolytes are substances whose solutions conduct an electric current.

Electrolytes in solutions dissociate into ions, which was indicated in the
hypothesis of electrolytic dissociation (1887) advanced by Arrhenius. This
phenomenon is characterized by the degree of dissociation a, which is the ratio of the
number of solute molecules:

Ny
N

o=

tot

Depending on the value of a, electrolytes are divided into weak ones («<0.05),
strong ones («>0.3), and ones of moderate strength (0.05<a<0.3).

The dissociation of molecules into ions is a reversible process controlled by the
second law of thermodynamics, i.e. it can be considered as a variety of chemical
equilibrium. Consequently, the dissociation constant Ky has been introduced to
characterize electrolytic dissociation more completely. It is the equilibrium constant
of this process. If the compound AB dissociates according to the scheme

AB > A" +B

then
Kq=[A"] [B]/[AB]

where [A'], [B], and [AB] are the equilibrium concentrations of the cations,
anions, and undissociated molecules.

The following relation, known as Ostwald’s Dilution Law, exists between K
and a

The dissociation constant Kgy, being an equilibrium constant, depends on the
nature of the system and the temperature, but does not depend on the concentration of
a substance. This means that the degree of dissociation o depends on the
concentration of the electrolyte.

For weak electrolytes with a<< 1, we can write
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EQUILIBRIA IN GAS REACTIONS

For reactions involving mixture of gases, it is easier to measure the pressure
than to measure concentrations. The total pressure in a mixture of gases is due to each
molecule bombarding the walls of the container. At constant temperature, each gas in
the mixture contributes to the total pressure in proportion to the number of moles.
The pressure exerted by any one gas in the mixture is calls its partial pressure.

The total pressure of a gas equals the sum of the partial pressures of the
individual gases.

Ptotai = Pa + P+ Pc + ...
where

Pa, P, Pc are the partial pressures of the individual gases in the mixture.

Equilibrium expressions involving partial pressures
We write equilibrium expressions in terms of partial pressures in a similar way
to equilibrium expression in terms of concentrations.
For example, the equilibrium expression for the reaction
250,(g) + Ox(9) < 2505(9)
IS written as Kp = p2303 / p2302 X Po2

Anesthetic pressure is the partial pressure of anesthetic gas needed to achieve
the effect of anesthesia.
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END-OF-CHAPTER Il QUESTIONS

. In which system the increasing of pressure will cause of the shifting
equilibrium to the right?

(a) 2H1(g)=H2(9) + 12(9)

(b) C(s) + S2(9)<=>CS2(9)

() CsHe(g) + Ha(g)<=>CsHe(9)

(d) Hz(g) + F2(9)<>2HF(9)
. In which system the increasing of pressure will cause of the shifting

equilibrium to the left?

(2) N2(9) + 3Hz(g)<>2NHs(g) + Q

(b) N2O4(9)<=2NO2(g) - Q

(€) CO2(g) + Ha(g)<=>CO(g) + HO(g) - Q

(d)4HCI(g) + O,(g)<=2H,0(g) + 2Cl,(g) + Q
. In which system the increasing of pressure and decreasing of temperature will
cause of the shifting reaction equilibrium towards the products formation?

(2) N2(9) + 3Hz(g)<>2NHs(g) + Q

(b)N2(9) + O(9)<=>2NO(g) - Q

(c) Clx(9) + Ho(g)<>2HCI(g) + Q

(d) CoH2(9)<=>2C(s) + Ha(g) - Q
. In which system the increasing of hydrogen concentration will cause of the
shifting reaction equilibrium towards the reactants formation?

(2) C(s) + 2H2(g)<=>CHa(9)

(b) 2NH3(g9)< Na(g) + 3H(9)

(c) 2H2(g) + 02(9)<=>2H,0(9)

(d) FeO(s) + Ha(g)<=>Fe(s) + H.O(9)
. Chemical equilibrium of the endothermic reaction 2PCl;(g) < 3Clx(g) + 2P(s)
will shift to the right if

(a) concentration of chlorine will increase

(b) concentration of PCl; will decrease

(c) pressure will increase

(d) temperature will increase

(e) temperature will decrease
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6. What would be the change of temperature and pressure for shift chemical
equilibrium of exothermic reaction 2S0,(g) + O,(g) < 2S05(g) to formation
of sulfur (V1) oxide?

(a) elevation of temperature and depression of pressure
(b) depression both temperature and pressure

(c) elevation both temperature and pressure

(d) depression of temperature and elevation of pressure
(e) no change both temperature and pressure

7. For the reaction
CH3COOH(I) + C,HsOH(l) < CH3COOC,Hs(1) + H,O(1)
explain what happens to the position of equilibrium when:
(a) more ethyl ethanoate is added
(b) some ethanol is removed

8. For the reaction
Ce**(aq) + Fe**(aq) < Ce**(aq) + Fe*(aq)
explain what happens to the position of equilibrium when:
(a) the concentration of Fe**(aqg) ions is increased
(b) water is added to the equilibrium mixture

9. Predict the effect of increasing the pressure on the reaction
N204(g) < 2NO,(g)

10. Predict the effect of increasing the pressure on the reaction
CaCOs(s) < CaO(s) + COx(g)

11. Predict the effect of decreasing the pressure on the reaction
2NO2(g) < 2NO(g) + O(9)

12. Predict the effect of increasing the temperature on the reaction:
H2(g) + COx(g) < H,O(g) + CO(g) AH, =+ 41.2 kd/mol

13. In the reaction
Ag2COs(s) < Ag20(s) + CO4(S)
Increasing the temperature increases the amount of carbon dioxide formed at
constant pressure. Is this reaction exothermic or endothermic? Explain your
answer.

14. Write equilibrium expression for the reaction
CO(g) + 2H,(g) < CH3;0H(qg)
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15. Write equilibrium expression for the reaction
4HCI(g) + O2(g) < 2H,0(g) + 2Cl,(g)

16. Write an expression for Kc
N2(g) + 3H2(9) < 2NH3(g)

17. Write an expression for Kc
250,(g) + 02(g) <= 2505(9)

18. Ethanol reacts with ethanoic acid to form ethyl ethanoate and water. 500 cm®
of the reaction mixture contained 0.235 mol of ethanoic acid and 0.035 mol of
ethanol together with 0.182 mol of ethyl ethanoate and 0.182 mol of water. Use
this data to calculate a value of K, for this reaction.

19. Propanone reacts with hydrogen cyanide as follows:
CH3COCH; + HCN < CH3C(OH)(CN)CHj;
A mixture of 0.0500 mol L™ propanone and 0.0500 mol L™ hydrogen cyanide
is left to reach equilibrium at room temperature. At equilibrium the
concentration of the product is 0.0233 mol L™. Calculate K, of this reaction.

20. Calculate the value of Kc for the following reaction
Ha(g) + CO,(g) < H,0(g) + CO(9)
It is known, that initial concentration of hydrogen is equal to 10.00 mol L™,
and the same for carbon dioxide. The equilibrium concentration value of
carbon monoxide is equal to 9.47 mol L™.

21. ldentify the acid and the base on the right-hand side of the equilibrium
HCIO, + HCOOH <> CIO, + HCOOH,"

22. ldentify the acid and the base on the right-hand side of the equilibrium
H,S + H,O0 < HS + H;0"

23. Identify the acid on the right-hand side of this equation which is conjugate
with the base on the left-hand side
CH3NH2 + Hzo = CH3NH3+ + OH"

24. ldentify the acid on the right-hand side of this equation which is conjugate
with the base on the left-hand side
CH3COOH + HZO = H30++ CH3COO

25. ldentify the acid on the right-hand side of this equation which is conjugate
with the base on the left-hand side
NH,CH,COOH + OH" << NH,CH,COO" + H,0
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26. ldentify the base on the right-hand side of this equation which is conjugate
with the acid on the left-hand side
NH,CH,COOH + OH" < NH,CH,COO" + H,0

27. ldentify the base on the right-hand side of this equation which is conjugate
with the acid on the left-hand side
NH,CH,COOH + H;0* < H;N®CH,COOH + H,0

28. Identify the acid on the right-hand side of this equation which is conjugate
with the base on the left-hand side
NH,CH,COOH + H;0" < HsN®CH,COOH + H,0

29. Both hydrochloric acid and ethanoic acid react with magnesium. The rate of
reaction of 1.0 mol L™ hydrochloric acid with magnesium is much faster than
the rate of reaction of 1.0 mol L™ ethanoic acid. Explain why.

30. Choose the correct relationship between acidity constant and basicity constant:
() pKa + pKy = pKy
(b) Ka/Kb = KW
(C) KaKb = KW
(d) KaKp = Ky*
(e) PK; - pKp = Ky,

31. When dissolved in water at the concentration of 1 mol L™, which of the
substances a) to d) exhibits the lowest pH?
(a) hydrochloric acid
(b) hydrofluoric acid
(c) ethanoic acid
(d) hydrogen sulfide

32. Which of the solutions a) to d) exhibits a pH value of 2?
(a) 0.01 mol L™ aqueous solution of acetic acid

(b)0.05 mol L sulfuric acid

(¢) 0.01 mol L™ hydrochloric acid

(d) 1x10™ mol L™ aqueous solution of sodium hydroxide.

33. When dissolved in water, a weak acid HA partially dissociates as shown
below

HASH + A

The degree of dissociation, «, is defined as the fraction of HA dissociated in water.
The dissociation constant, Ka, is defined as the product [H][A7] divided by [HA],
where the brackets denote the concentrations of the respective chemical species. Give
the appropriate answers to the following questions.
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(a) Setting the initial concentration of HA as c, write an expression of Ka using
o and c.

(b)Show an expression of [H'] using Ka, ¢ and cg: when HA and a
corresponding sodium salt NaA are dissolved together in water with initial
concentration of [HA] = ¢ and [NaA] = cs. Provided that x >>y, you can
use an approximate equation X = y = X

34. The reaction below was carried out at a pressure 100.0 kPa and at constant
temperature
Na(g) + Oa(g) < 2NO(g)
The partial pressure of nitrogen and oxygen are both 48.5 kPa. Calculate the
partial pressure of the nitrogen (1) oxide at equilibrium.

35. In the reaction
250(9) + O4(g) < 25054(g)
the equilibrium partial pressures at constant temperature for sulfur (IV) oxide,
sulfur (VI) oxide, and oxygen are equal to 1.0 x 10° kPa, 8.0 x 10° kPa, 7.0 x
10° kPa, respectively.
Calculate the value of Kp for this reaction.

36. Nitrogen reacts with hydrogen to form ammonia. The pressure exerted by the
mixture of hydrogen, nitrogen and ammonia is 2.00 x 10* kPa. Under these
conditions the partial pressure of nitrogen is 1.49 x 10* kPa and the partial
pressure of hydrogen is 0.40 x 10* kPa. Calculate the value of Kp for the
ammonia formation reaction.
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CHAPTER 111
FUNDAMENTALS OF CHEMICAL KINETICS

Basic Definitions

A chemical reaction is a change in the form of existence of matter. For
example, a mixture of hydrogen with oxygen transforms into water, isoprene into
rubber, etc. A chemical processes on a molecular level is a change in the structure,
and in the majority of cases also decomposition of the molecules as a result of their
interaction.

Single interactions (collisions) of molecules leading to the formation of new
particles are called elementary events of a chemical reaction. In accordance with the
number of molecules participating in elementary event, we distinguish uni-, bi-, and
trimolecular reactions. A reaction in which the number of reacting molecules is more
than three has a low probability and does not practically occur.

Any chemical reaction consists of an infinitely large number of elementary
events. If a reaction consists of a multitude of identical elementary events, it is said to
be a single-stage or elementary one.

Molecularuty is the number of molecules coming together to react in an
elementary reaction.

An elementary reaction is a single step in a (possibly) multi-step reaction
mechanism.

An elementary reaction is classified as unimolecular if it involves only a single
reactant molecule (A = B).

An elementary reaction is classified as bimolecular if two reactant molecules
are involved (A + B = C).

Sometimes a reaction is a set of diverse alternating or simultaneously occurring
elementary events. In these cases, the chemical reaction is said to be complex
(multistage).

The set of stages that a chemical reaction consists of is called the mechanism of
the reaction.

A chemical transformation in a homogeneous system is called a homogeneous
chemical reaction (examples are reactions in solutions, melts, or gases). A chemical
transformation in a heterogeneous system is called a heterogeneous chemical reaction
(examples are the formation or dissolving of precipitates, polymerization).
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Let us the first consider one of the most important characteristics of chemical
processes, namely, the rate of reaction. The latter determines the real possibility of
the proceeding of a reaction that has been “allowed” by thermodynamics.

The Definition of Rate

The rate of chemical reaction is measured by the amount of substance entering
into the reaction or formed in the reaction in unit time and in unit volume of the
system (for a homogeneous reaction) or on unit surface area of a phase interface (for
heterogeneous reaction).

For a homogeneous process occurring at constant volume, the rate of a reaction
can also be determined through the changes in the concentrations of the reactants or
products.

The rate of homogeneous chemical reaction (in gases and solutions) is
measured by the change in the concentration of one of the reactants or products
occurring in unit time.

Since the rate of a reaction changes continuously in the course of the process, it
Is usually expressed by the first derivative of the concentration of the reactants with
respect to time:

dC dc
pr or rate =-—1F1

dt dt

The signs in the right-hand sides of these equations are different because in the
course of a reaction the concentration of the reactants diminish, and those of the
products grow.

In general case, we can write:

rate =

‘dC
rate = |
dt

The rate of a reaction depends on many factors such as the temperature,
pressure, concentration of the reactants, chemical nature of the process, the presence
of impurities, and the nature of the medium in which the process is going on, the
presence of catalysts in the system.

At a constant temperature, the rate in a specific chemical system depends only
on the concentration of the reactants. The mathematical form showing how the rate of
a chemical reaction depends on the concentration of the reactants is called a kinetic
equation. It is very important to note that the kinetic equation is concerned with the
nature of the process within the interval between its beginning and end. For this
reason, even reactions whose general form is of the same type can be describe by
different kinetic equations.
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When the collisions of two reacting particles is needed for a reaction to occur,
the dependence of the reaction rate on the concentrations is determined by the Law of
Mass Action: at a constant temperature, the rate of a chemical reaction is directly

proportional to the product of the concentration of the reactants (The Fundamental
Law of Chemical Kinetics or the Rate Law).

Rate Law

For a reaction of the type
A+B,—> AB,
.|
The Rate Law
rate = k [A] [B,]
where

[A] and [B;] are the concentration of the
reactants;

k is the rate constant of the reaction whose
value depends on the nature of the reactants.

For a reaction of the type
A+ 2B—- AB,

. |
The Rate Law
rate = k [A] [B]?
where
[A] and [B] are the concentration of the
reactants;
k is the rate constant of the reaction whose
value depends on the nature of the reactants.

The simultaneous collision of more than three particles is extremely
improbable. Consequently, reactions whose equations include a great number of
particles proceed in several steps, each of which occurs because of the collisions of
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two (less frequently, three) particles. In such cases, the law of mass action can be
applied to the individual steps of a process, but not to a reaction as a whole.

In heterogeneous reactions, the concentrations of the substances in the solid
phase do not usually change in the course of a reaction, and for this reason they are
not included in the equation of the law of mass action.

CaCO;(s) > CaO (s) + CO,(g)

CaCO; is a solid whose concentration does not
change in the course of the reaction.

The Rate Law
rate=k

(the rate of the reaction at a definite
temperature is constant)

The rate constant of a reaction is the constant of proportionality between the
rate of the reaction and the concentrations of the species taking part in the reaction.

The rate constant of the reaction, k, depends on the nature of reactants, the
temperature, and also on the nature of the substances in the system that do not
participate in its thermodynamic changes.

The physical meaning of the rate constant comes to light when we consider the
rate of a reaction with a concentration of the reactants equal to unity.

The Physical Meaning of the Rate
Constant
.|
k equals a rate of a reaction at
reactant concentrations equal to
unity (1 mol/L):

rate = ke 1=k

49



In other words, k equals a rate of a reaction at reactant concentrations equal to
unity.

Van't Hoff s Rule

The temperature dependence of the rate of a reaction (or the rate constant of a
reaction) can be expressed by the equation
AT
KriaT 70
K =7
-
y is the temperature coefficient of the reaction rate whose value for most
reactions ranges from 2 to 4.

Activation Energy

The activation energy of a chemical reaction is the parameter that governs the
temperature-dependence of its rate.

In collision theory, the activation energy is identified with the minimum Kinetic
energy along the line centers of two colliding reactant molecules.

Collision theory is an interpretation of the rates of bimolecular elementary
reactions in the gas phase in terms of a model in which reaction occurs when two
molecules collide provided that they possess at lest a minimum Kinetic energy along
their line of centers.

In solution, the activation energy is more a complex quantity, but is
nevertheless still to be identified with the height of the energy barrier along the
reaction coordinate.
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END-OF-CHAPTER 111 QUESTIONS

1. At the beginning of a reaction, the reaction rate for the reactants
(a) largest, then decreasing
(b) largest and remains constant
(c) smallest and remains constant
(d)smallest, then increasing

2. The reaction rate law applied to the reaction aA + bB—AB gives the expression
(a) rate = k [A]’[B]®
(b)rate = k [A]*[B]°
(c) rate = k [AB][A]°
(d)rate = k [B'[AB]°
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3. If a reaction proceeds in several steps, the elementary process with the highest
activation energy is known as the:

(a) Transition step

(b) Favorable step

(c) Rate-determining step

(d) Activated complex step

4. Which one is NOT an important condition for a chemical reaction?
(a) The reacting molecules are in the correct orientation to one another
(b) The molecules have enough energy to react once they have collided
(c) The molecules must make contact

(d) None of the above

5. In the equilibrium reaction A + B <> AB + heat (in a closed container), how could
the forward reaction rate be increased?

l. By increasing the concentration of AB

II. By increasing the concentration of A

1. By removing some of product AB

(@)l only

(b) 11 only

(c) I, I, and 11
(d) Il'and 111 only

6. How many times will the rate reaction 2A + B — A,B change if the concentration
of substance A is doubled, and that of substance B is halved?

7. For the reaction 2NO(g) + O,(g) — 2NO,(g) how will the rate of the reaction
change if the pressure in the system is increased three times?

8. For the reaction 2NO(g) + O,(g) — 2NO,(g) how will the rate of the reaction
change if the volume of the system is diminished to one-third of the initial value?

9. For the reaction 2NO(g) + O,(g) — 2NO,(g) how will the rate of the reaction
change if the concentration of the NO is increased three times?

10. How will the rate of the reaction 2NO(g) + O,(g) — 2NO,(g) change if the
volume of the reaction vessel is doubled?

11. How many times must the concentration of substances B in the system

2A(g) + B,(g) > 2A,B(g) be increased for the rate of the forward reaction to remain
unchanged when the concentration of substance A is lowered to one-fourth of its
initial value?
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12. Industrially, phosgene is produced by passing purified carbon monoxide and
chlorine gas through a bed of porous activated carbon, which serves as a catalyst. It is
known that the concentration of carbon monoxide in the system was increased from
0.03 to 0.12 mol L™, and that of the chlorine from 0.02 to 0.06 mol L™*. How many
times did the rate of the forward reaction increase?

13. Calculate the temperature coefficient value if the rate of the reaction grows 6.8
times when the temperature is increased by 30°C.

Questions 14-22 refer to the Diagram 1

A

Potential Energy

ol

\4 Y

\

Reaction Coordinate
Diagram 1

14. In this graphic representation of a chemical reaction arrow A depicts
(a) The potential energy of the reactants
(b) The potential energy of the products
(c) The heat of the reaction for the forward reaction
(d) The activation energy of the forward reaction
(e) The activation energy of the reverse reaction

15. In this graphic representation of a chemical reaction arrow B depicts
(a) The potential energy of the reactants
(b) The potential energy of the products
(c) The heat of the reaction for the forward reaction
(d) The activation energy of the forward reaction
(e) The activation energy of the reverse reaction
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16. In this graphic representation of a chemical reaction arrow C depicts
(a) The potential energy of the reactants
(b) The potential energy of the products
(c) The heat of the reaction for the forward reaction
(d) The activation energy of the forward reaction
(e) The activation energy of the reverse reaction

17. In this graphic representation of a chemical reaction arrow D depicts
(a) The potential energy of the reactants
(b) The potential energy of the products
(c) The heat of the reaction for the forward reaction
(d) The activation energy of the forward reaction
(e) The activation energy of the reverse reaction

18. In this graphic representation of a chemical reaction the activation energy of the
reverse reaction is

(a) Arrow A + arrow C

(b) Arrow A + arrow D

(c) Arrow B + arrow A

(d)Arrow B + arrow C

(e) Arrow A + arrow B + arrow C

19. In this graphic representation of a chemical reaction, which arrow depicts the
activation energy of the forward reaction?

(@) Arrow A

(b)Arrow B

(c) Arrow C

(d)Arrow D

20. In this graphic representation of a chemical reaction, which arrow depicts the
potential energy of the reactants?

(@) Arrow A

(b) Arrow B

(c) Arrow C

(d) Arrow D

21. In this graphic representation of a chemical reaction, which arrow depicts the
potential energy of the products?

(@) Arrow A

(b) Arrow B

(c) Arrow C

(d) Arrow D
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22. In this graphic representation of a chemical reaction, which arrow depicts the heat
of the reaction for the forward reaction?

(@) Arrow A

(b) Arrow B

(c) Arrow C

(d)Arrow D

23. Examine the following diagram and answer the questions.

Potential Energy

Reaction Coordinate

In this graphic representation of a chemical reaction

(1) arrow A depicts
(2) arrow B depicts
(3) arrow C depicts
(4) arrow D depicts
(5) arrow X depicts

(a) The potential energy of the reactants
(b) The potential energy of the products
(c) The heat of the reaction for the forward reaction
(d) The activation energy of the forward reaction
(e) The activation energy of the reverse reaction
Draw the missing arrow X at the diagram.
Is this reaction exothermic or endothermic?

24. Examine the following diagram and answer the questions
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Activated complex

r (b)
Products

In this graphic representation of a chemical reaction

(1)arrow (a) depicts

(2)arrow (b) depicts

(3)arrow (c) depicts

Is this reaction exothermic or endothermic?

Questions 25-26 refer to the Diagram 2

57



CHCHEB+ OH (U

Energy

Reaction coording!ge—————e

Diagram 2
25. Calculate the activation energy value of the reverse reaction, using the Diagram 2

data.
26. Determine the enthalpy value of the reverse reaction, using the Diagram 2 data.

Questions 27-33 refer to the Diagram 3

103 kJj

45 k)

Potential energy ——

10 kJi

Time——

Diagram 3
27. In this graphic representation of a chemical reaction the potential energy of the
reactants is
(@) 10 kJ
(b) 45 kJ
(c) 58 kJ
(d) 93 kJ
(e) 103 kJ
28. In this graphic representation of a chemical reaction the potential energy of the
products is
(@) 10 kJ
(b) 45 kJ
(c) 58 kJ
(d) 93 kJ
(e) 103 kJ
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29. In this graphic representation of a chemical reaction the activation energy of the
forward reaction is

(@) 10 kJ

(b) 45 kJ

(c) 58 kJ

(d) 93 kJ

(e) 103 kJ

30. In this graphic representation of a chemical reaction the activation energy of the
reverse reaction is

(@) 10 kJ

(b) 45 kJ

(c) 58 kJ

(d) 93 kJ

(e) 103 kJ

31. In this graphic representation of a chemical reaction the heat of the reaction of the
forward reaction is

(a) +10 kJ

(b) -35 kJ

(c) +35 kJ

(d) -45 kJ

(e) +45 kJ

32. In this graphic representation of a chemical reaction the heat of the reaction of the
reverse reaction is

(@) +10 kJ

(b) -35 kJ

(c) +35 kJ

(d) -45 kJ

(e) +45 kJ

33. In this graphic representation of a chemical reaction indicate the difference
between the activation energies for the forward and reverse reactions and equals the
energy change in the reaction

(@) +10 kJ

(b) -35 kJ

(c) +35 kJ

(d) -45 kJ

(e) +45 kJ

34. Diluted hydrochloric acid reacts with marble chips (calcium carbonate), giving
off carbon dioxide gas. Which solution of acid will have the fastest initial rate of
reaction: (a) 50 ml of 0.5 mol L™, (b) 10 ml of 1.0 mol L™ or (c) 25 ml of 0.5 mol L™,
Give explanation,
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35. The activation energy for the uncatalysed decomposition of ammonia to its
elements is +335 kJ/mol. The enthalpy of reaction for this decomposition is +92
kJ/mol. (a) Calculate the activation energy for uncatalysed formation of ammonia
from nitrogen and hydrogen. (b) Determine the standard enthalpy value of ammonia
formation reaction, using the given data.
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SELF-STUDY TRAINING
REDOX REACTIONS AND ELECTROLYSIS
QUESTIONS

For the equations 1-10:

. Balance a redox reaction using half-equations.
Il Identify oxidizer and reducing agent.
ii.  Give the full systematic names of the reactants and products.

PH; + HCIO; —» HCI1 + ...

PH3; + HMnO4 — MnO, + ... + ...

P,O3 + HNOz + ... NO + ...

PH3; + AQNO3 + ...~ Ag + HNO; + ...

KNO; + ... + H;SO4 > I, + NO + ... + ...

P,O3 + H,Cr,0; + ... > H3PO4 + CrPO,

HCOH + KMnO,4 + ... > CO, + K,SO, + ... +...
FeCl, + HNO; (conc.) —» Fe(NOs3); + HC1+ ... + ...
KoMnQO4 + HCI — MnCl, +Cl, + ... + ...

10. Zn + KMnO,4 + ... > MnSQO4 + K;SO4 + ... + ...

© 0o N o g bk~ w b PE

Tasks 11-25:

. Write the reactions that occur during electrolysis (at the cathode and inert
anode).

ii. Indicate oxidation and reduction processes.

iii.  Write overall electrolysis reaction.

11. Potassium chloride
(a) Solution
(b) Melt
12. Copper (1) oxide
13. Solution of copper (I1) bromide
14. Copper (1) fluoride
(a) Solution
(b) Melt
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15.
16.
17.
18.
19.
20.
21.
22,
23.
24,
25.

Solution of aluminium nitrate
Solution of potassium iodide
Solution of potassium sulfate
Solution of copper (1) sulfate
Solution of silver nitrate
Solution of sodium hydroxide
Solution of magnesium nitrate
Magnesium chloride (melt)
Solution of sodium phosphate
Solution of sodium perchlorate
Solution of sulfuric acid
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ANSWERS
END-OF-CHAPTER I QUESTIONS
FUNDAMENTALS OF THERMOCHEMISTRY

1. (@)l
(b) 1
(c) 1l
(d) 1
(e) 1l

b

. b
0.(a) AH,°
(b) AH{ (CO,(q)), or AH°(C(graphite))
(c) AH/
(d) AHP (H,0 (1)), or AH"(H2(9))
11.a
12.a
13.
14,
15.
16.
17.
18. -100.5 kJ/mol
19. -851.5 kJ/mol
20. -30.6 kJ/mol
21. -802.2 kJ/mol
22. -162.0 kJ/mol
23.296.5 L
24. (i) -2813 kJ/mol
(ii) -78.2 kd/mol
25. -278 kJ/mol
26.(a) -85 kJ/mol
(b) -86 kJ/mol
Explanation: These are virtually the same, as predicted by Hess's Law. The
difference is caused by rounding errors in the data.
27.(A)11.2 L
(B) 111 kJ

R O©oONO O~ WN
cooTaoo

DO T O Q
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END-OF-CHAPTER Il QUESTIONS

9.

NoakrowdPE

CHEMICAL EQUILIBRIUM

O O T 9 T O

(a) moves to left; more ethanoic acid and ethanol formed; reaction moves in
direction to oppose the effect of added ethyl ethanoate, so ethyl ethanoate
decreases in concentration

(b) moves to left; more ethanoic acid and ethanol formed; reaction moves in
direction to oppose the removal of ethanol, so more ethanol (and ethanoic acid)
formed from ethyl ethanoate and water.

(a) moves to right; more Ce** and Fe** formed:; reaction moves in direction to
oppose the effect to added Fe?*; so Ce** and Fe?* decrease in concentration

(b) no effect; the water dilutes all the ions equally, so there is no change in the
ratio of reactants to products.

Equilibrium shifted to the left as fewer gas molecules on left.

10.Equilibrium shifted to the left as no gas molecules on left but carbon dioxide

on right.

11.Equilibrium shifted to the right as greater number of gas molecules on the right.
12.Equilibrium shift to the right as endothermic reaction favours the product.
13.Endothermic as the forward reaction is favoured by an increase in temperature.
14.K, = [CH;OH] / ([CO] [H.])

15.K = ([H20]2 [C|2]2 / ([HC|]4 [O2])

16.K. = [NHs]2 [ ([N] [H2]3)

17.K: = [503]2 /1 ([O2] [302]2)

18.4.03

19.32.7

20.319.3

21.HCOOH," is the acid; CIO, is the base

22.H;0" is the acid; HS is the base

23.CH;3NHs, is the base on the left-hand side, so CH3;NH;" is the conjugate acid
24.H,0 is the base on the left-hand side, so H;O" is the conjugate acid

25.0H" is the base on the left-hand side, so H,O is the conjugate acid
26.NH,CH,COOH is the acid on the left-hand side, so NH,CH,COO" is the

conjugate base

27.H;0" is the acid on the left-hand side, so H,O is the conjugate base
28.NH,CH,COOH is the base on the left-side, so HsN®CH,COOH is the

conjugate acid
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29.Hydrogen ions react with magnesium; ethanoic acid has fewer ions in solution,
lower concentration of ions in solution than hydrochloric acid, therefore lower
rate of reaction.

30.a,C

3l.a

32.c

33.(a) Ka = ¢ o*/(1-a)
(b) [H'] = Ka c/cgy

34. 3.0 kPa

35.9.1x107°

36.1.27 x 107

END-OF-CHAPTER 111 QUESTIONS
FUNDAMENTALS OF CHEMICAL KINETICS

O O O T D

the rate will be doubled

the rate will increase in 27 times
the rate will increase in 27 times
. the rate will increase in 9 times
10.the rate will diminish to one-eight of its initial value
11.16 times

12.12 times

13.1.9

14.a

15.d

16.c

17.b

18.d

19.b

20.a

21.d

22.C

23.(1) a

(2)d

(3)c

4)b

(5) e

Exothermic

CoNoORrLDE
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24.(1) The activation energy of the forward reaction
(2) The activation energy of the reverse reaction
(3) The heat of the reaction for the forward reaction
Endothermic

25.166.7 kJ

26.77.2 kJ

27.b

28.a

29.c

30.d

31.b

32.c

33.b

34.b
Explanation: The more concentrated the acid, the greater the number of
hydrogen ions dissolved in given volume of solution, resulting in an increased
frequency in collisions between the hydrogen ions and the calcium carbonate.
The volume of acid will not affect the initial rate of the reaction.

35.(a) 243 kJ/mol
(b) -46 kJ/mol
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1 PERIODIC TABLE OF THE ELEMENTS 8

1A
(at 25°C)
1 o 14 ——— Group IUPAC ﬂ Alkali metal D Nonmetals - Solid 13 14 15 16 17
1.0079 IVA ~—— Group CAS Aol . A IVA VA VIA VIIA
X rih:metal E Nobel gases - Liquid
Atomic Number ==|6 -4 Selected eal metal 3 2|7
Symbol — C :% “= Oxidation States C 2
2 Metals n Lanthanoids - Gas
Name === Carbon Carbon
12.011 ~—— Atomic Mass I:I Other metals E Actinoid . Synthetic hﬁ 12.011
El i Cctinoias .
Configuergtlggg =24 v 123 fa " — 26
Y 0 - +3
3 ” ‘ 3 4 6 7 8 9 10 1 12 Si N
Aluminium Silicon Phosphorus
B VB ViB VIIB VIIIB ! 1B B |B52gee2 |BGge0es  [BR2
21 +3]22 I% 25 :% 27 2 28 :% 30 +2[31 +3|32 =1 3
Sc i ~ Mn:: Co | N ul Zn | Ga | Ge*
4
Scandium Titanium Vanadium | Chromium | Manganese Cobalt Nickel Zinc Gallium | Germanium
44.956 47.867 50.942 51.996 54.938 55.845 58.933 58.693 63.546 65.39 7264
2-:8-10-2 2-8-11-2 2-8-13-1 2-8-13-2 2-8-15-2 2-8-16-2 2-8-18-2 k - -
40 +4141 :g 42 1(35 43 :g 45 +3146 3 48 +2149
5 Zr | Nb'| Mo | Tc” Rh | Pd| Ag| Cd | In
Zirconium Niobium | Molybdenum | Technetium Rhodium Palladium Cadmium Indium i Tellurium
91.224 92.906 95.94 gﬂ) 01. 102.9 106.42 107.87 112.41 b - i B 121 127.60
2-8-18-10-2 2-8-18-12-1 2-8-18-13-1 2-8-18-18 2-8-18-18-1 [2-8-18-18-3 2-8-18-18-4 | 2-8- 2-8-18-18-6
72 Hf +4 73T +5|74 +6|75 76 & g I g3 78 P 2 79 it
6 le | Hafnium Tantalum Tungsten Rhenium Iridium Platinum Gold
180.95 183.84 186.21 190.23 192.22 195.08 196.97
2-8-18-32-11-2|2-8-18-32-12-2|2-8-18-32-13-2| 2-8-18-32-14-2| 2-8-18-32-15-2| 2-8-18-32-17-1] 2-8-18-32-18-1 2 8-3]2 2-18-4}2 8-32-1 2-¢ 3: |
105 106 107 108 109 110 Ig 111 116
7 Db | Sg| Bh | Hs | Mt | Ds | Rg Uuh
Dubnium | Seaborgium| Bohrium Hassium | Meitnerium [Darmstadtium|Roentgenium| Ununbium | | i ium| | i Ununhexium
262) 263 262) 64) 266) 64) 272, 27
-1&3& -11-2 -18-3&-32)-12-2 -13—3(2~32)‘13‘2 -153?—32—14—2 —16-3(2-31)—15—2 —18—3(2?—32)—17-1 »16-3&-32—18»1 -18—3&-39—18—2 L 250

http://www.sciencegeek.net/tables/tables.shtml
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