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Tayotnteg Avrtiopaong
[

Qg Tayotnra avtidpaong opiletatr eite 11 avlnon TG OLYKEVIP®ONG €VOG
IIPOIOVTOG ava povada Ypovoyv eite 11 PEIWON TNG OLYKEVIPWONG &VOG
avtiOp®VTog avda povadd Xpovouo.

AapPavetat wg napaderypa n Oeppixr) anowodopnor tov N,Os:

2N205(g) — 4 NOo(g) + O2(g)

Colorless Brown Colorless

H tayotnta oxnpatiopoo tov O, neprypagetat og edrg:

A[O,]  Concot O attime t, — Concof O, at time £
A b — h

Rate of formation of O, =

Onoov A[O,] etvat n petaBoAn] g POPLAKIG OLYKEVIPMONG Kat Af TO YPOVIKO
dlaotnpa oto oI10io OLVEPN 1 peTaPoAn).



Tayotnteg Avrtiopaong

[
Ot povadeg Tng tTayomtag avrtidpaong etvatr popraxkotnta (M) ava

devtepolertto (s) , dnAadn M/s 1) mole/ (L-s).

Enedry n tayomta twmg avrtidpaong eivar Betuko peyebog, Oa mpemer 1
KATAVAA®DOT) VOGS avTOPMVTIOG VA DITOOEIKVOETAL PIE TO ONpa petov (-) prupoota

ario Vv Tipr).

—A[N,O5]  —(0.0101 M — 0.0120 M)
At B 400s — 300 s
=19 x 107 M/s

Rate ot decomposition of N;Og



Tayotnteg Avtidopaong

Eivat onpavtiko, otav yilvetat avagopd o tayLvinta avtidpaong vda
ODYKEKPTPEVOIIOLELTAL 1] XPOVIKI] OTLyHr), yatt kabwg n avtidpaon Paiver oto
TEAOG TG 1] TAXLINTA TNG HELOVETAL AOY® &SAVIANOE®G T®V AVIOPWVIMV.

Etoy, ovoyva elvat avaykaio va Kataypagetat 1 TaydInta g avtidopaong pa
ODYKEKPIHEVI] XPOVIKI] OTLypr] Kat oxt kad” oAn ) dwdpkewa tng aviidpaons.
Avto dlvetat amo TV KAION NG €PAITOHEVIS TNG KAPITOANG avtidpaong
(KaQpIIoAn OLYKEVTP®ONG / XPOVOD) Kat ovopadetatl oTiypiaia TayoTnTa.

H otwypata tayotnra omyv apxn prag avrtidpaong (f = 0) ovopaletat apyk)
TayoTnTda.
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Ot Nopot Tayotyrag & Tagn Avtidopaorng

Aappavetat ) DAPAKAT® YEVIKI) AvIidpaon:

aA + bB —— Products

Omnov A xat B ta avtdpwvta xat 4, b ol OTOLYELOPETPLKOL OLVTENEOTES TIG
toootabpiopevng avtidpaons. H e€aptnon g tayxvtntag avtidpaong amo
OLYKEVTPWOT Tov Kabe avtdpwvtog divetat amno pia eSiomorn mov ovopddetat
VOHOG TG TaxOTHTaG.

A[A]

Rate = — AF K[A]"[B]

Onov k etvatl pa otabepa mov ovopadletat otabepa tayotyrag. Ot exkbeteg m xat
1 OTO VOHO NG TAXLTINTAG DHOOEIKVDOLV TI00O0 evAlodNTn elvail n TayLINTA O
petaPoleg g [A] 1) tng [B] xat ocvovrBwg dev oxetiCovtat pe Tovg OLVTENEOTES a
Kat b tng woootabpiopevng avtidpaone. I't amieg avtidpdoelg ot ekbeteg etvat
PKpol axépatoy, ald yla IO TIOADIAOKEG avTOPAoelg pIopel va etvat
apvnTkol, pnodev 1) KAaopatd.



Ot Nopot Tayotyrag & Tagn Avtidopaorng

Exbetng 1 onpatvet ot n tayotta eSaptatal YpAappKda Ao Ti) OVYKEVTIP®MOL)
Tou avtudpwvtog. ExOetng 0 onpatver ot n tayovmta wmg avrtidpaong Oev
eCaptdratl aro 1o ovykekppévo avtwopav (ry. [A]? = 1). ExOétng -1 onpatvet
OTL 1] TAXVTINTA PEWWVETAL PE TNV AVLSOI) TG OVYKEVTP®DOLG TOL OLYKEKPTHEVOD
avTiOP®VTOG.

Ot tipeg tov exkbetmv m xat n kabopifoov v taln aviidpaong oe oxéon pe To
avtopwv A kat B, avtiotowya. To abBpolopa teov exbetav (m + n) kabopilet )
ovvoAkr) tadn avtidpaong. I'a mapaderypa, 1 aviidpaon

Rate = k[A]Y[B] m=2n=1landm+ n =23

etvat 115 talemwg oe oyeon pe to B, 27 talemg oe oxeon pe 1o A kat 31 taemg
OLVOAIKAL.



Ot Nopot Tayotyrag & Tagn Avtidopaorng

Ot Tpég v exbetwv 0to VOPO TG TaxvutnTag npoodlopifovial MelpapaTiKd.

Aev propoov va vnoteboov amo T otoryelopeTpia tmg aviidpaong.

Reaction

_ Balanced Chemical Equations and Experimentally Determined Rate Laws for Some Reactions

Rate Law

(CH3):CBr(aq) + HyO(aq) — (CH3)2COH(aq) + H™ (aq) + Br~(aq)
HCO;H(aq) + Bry(ag) — 2 H™(aq) + 2 Br™(aq) + COa(g)

BrO3 (aq) + 5Br~(ag) + 6 H*(ag) — 3 Bra(aq) + 3 Hy0(])

Hx(g) + I2(g) — 2 HI(g)

CH3CHO(g) — CHy(g) + CO(g)

Rate = k{(CH3)3CBr]

Rate = k[Br,]

Rate = k[BrO; J[Br~J[H*J?
Rate = k[H>][I,]

Rate = k[CH3CHOJ*/?



ITerpapatikog IIpocdropriopog too Nopoo Tayotntag
9]

Mua pébodog mpoodloptopod T®V TIH®V TOV eKOET®V O0TO VOPO Thg TayxLINTAG
elvat n deCaymyr] plag oelpdg MEPAPATOV, OTA OIOld YIVETAl HETPNON THG

APXKNG TAXLTINTAG TNG aviidpaong Oe OLVAPTNOIN PE OLAPOPETIKEG APYIKEG

ODYKEVTIPWOELG,.

Initial Concentration and Rate Data for the Reaction
2NO(g) + Ox(g) — 2 NO,(g)

Initial Rate of Formation of NO,
Experiment Initial [NO] Initial [O,] (M/s)

1 0.015 0.015 0.048
2 0.030 0.015 0.192
3 0.015 0.030 0.096
4 0.030 0.030 0.384



ITerpapatikog IIpocdropropog too Nopoo Tayotntag

Ot petpnoelg Oeiyvoov ot otav 1 ovykevipoon tov NO Ourhaocwaletat, 1
Tayotta tetpaniaoctaletat, dnAadr) n tayotnta eaptatat amno [NOJ% Opoiwg,
otav 1 ovykévipwon tov O, durthacwaletal, xat 1 Tayxvinta Ourhaoctaletat,
OnAadn n tayvmta eSaptatat amod [O,]'.

" AINO
S 0VenQg: Rate — [_Ht 2] = .IC[NCF]E[CJE]

Avtr) 11 pebodoloyia ypnowpomotlel ApPXIKEG TAXLINTEG Yyld THV AIOPLYI
EMUIAOK®V dIIO TNV davdaotpo@rn aviidpaon, otav ta mnpoiovia avinboov
ONLAVTIKA O€ CLYKEVIP®OON.

Eav n tayotmta mg avaotpopng avtidpaong yivel OOyKpiotpn pe v tayot)ta
g avtidpaong, Tote 1) Tayvmta tng avtidopaong Ba efaptatat kat amo
OLYKEVTP®OT TOV IIPOTOVI®V.



ITerpapatikog IIpocdropriopog too Nopoo Tayotntag

[
H ypnowotnta tov npoodloptopod ToL VOROD TG TAXLTNTAG EYKELTAL KAl OTO
Yeyovog OTL propel va vroloylotet kat n otabepa tng tayvtnrag, k. H xabe

avtidpaor éxet ) OKI) NG XAPAKTINPLOTIKI) Tpr) k, 1] onoia e€aptatatl amo T

Oeppokpaoctia, ald Ox1 Ao TV OLYKEVIP®ON.

M
0.048 —
Rate S

T INOLO,] (0015 M)%(0.015 M)

= 1.4 X 10*/(M?+5s)



ITerpapatikog IIpocdropriopog too Nopoo Tayotntag

[
Ot povadeg g k 0" avto to napadetypa eivat 1/(M?s), ala ot povadeg g k

dev etvat otabepeg kat eCaptovtat arod T oovoAlkn) taln g avitidpaong.

Rate Law Overall Reaction Order Units for k

Rate = k Zeroth order M/sorMs!

Rate = k[A] First order 1/sors !

Rate = k[A][B] Second order 1/(M=s)orM™'s™!

Rate = k[A][BJ* Third order 1/(M?+s)orM 25!



OMNoxAnpwpevog Nopog tng Tayotntag ywa Avtiopaon 176 Tagewg

-
Ag vnotebel 1) mapaxkdatem amn avtidpaon Ipwtng TaSe®s:
A —— Products

Mua avtidpaon npwtng tafewg eivatl avtn tg oroiag 1n tayovtnta sapratat

ario Eva avtiOpmV, DPOHEVO €16 TNV IIPWOTI).
A[A]

Rate = — —21 — kA
¢ Af [A]

Me pabnpatikég petatpomnés, o VOHOG Trg TAXLTINTAG HETATPENETAL O Hd

EK(PPAON, 1] ortoia ovopadetatl ONOKANP@HEVOG VOROG TNG TAXDTNTAG.
[A];

In — = —kt
[Aly



OMNoxAnpwpevog Nopog tng Tayotntag ywa Avtiopaon 176 Tagewg

[
2TV napanave eGiomorn, To [A], mpoodlopilet TV Aapyikr]) OLYKEVIP®OL TOL

avtwdpwvtog (f = 0) xat 1o [A], T OLYKEVIP®OT TOL AVTIOPWVTOG OE XPOVO L.

Etot, 0 oAoxAnpwpevog vopog tng Tayvttag etvat pia e§loworn ovykevTpong —
YPOvov, PE TV OIOld HIOPEl VA DIOAOYIOTEL I OLYKEVIP®WOI ToL A O¢

OIIO1001IOTE XPOVO t.

O oAOKANP®PEVOG VOPOG TNG TAXOTNTAG HIIOPEL ermiong va ypnotpornowmdet yia
Va DIIOAOY10TEL O XPOVOG IOV AIIALTELTAL, £TOL WOTE 1) APXIK] OLYKEVTIP®OL Va

pewwbet 0° eva ovyKeKPEVO emtredo.



OMNoxAnpwpevog Nopog tng Tayotntag ywa Avtiopaon 176 Tagewg

[
O oAoxAnpwpevog vopog propet va ypa@tetl Kat g &dr|g:

In [A]t = —kt + In [A]I}

In[Al, = (-0t + In[A],
) T1 \
y m x b

H napanave ekppaorn dnAwvel ot to In[A], elvat ypappikr) oovaptnon too
xpovoo. AnAadr), eva ypagnpa In[A] - t divel evbeia ypappr), g omoiag n
KAton g evbeiag etvat ion pe - k xat to onpelo TOpNg pe Tov agova y oo pe

In[A],.



1Al \

[A] —

Time —

(a)

16

In[A] —

Slope = -k

Time —

(b)



Xpovog Hpilwng prag Avrtidopaong 115 Tagewg

e

O xpovog npilwrng pag avtidpaong, o omoiog ovpPoiiletat wg t,, eivat o

XPOVOG IIOL AIALTELTAL Y T1] PEIWOL] TNG OLYKEVIP®ONG €VOG AVTIOP®VTOG OTO

100 NG APXLKI|S.
. o . . [Al;
Me Baon tov oOAOKANP®HEVO VOHO TG TAXLTNTAG 10XVEL OTL | ﬁ — —kt
Alp
Ortav t =t,, tote [A],/[A], =1/2. Zovenwg: |
In—-= —kt
n 5 1/2
1
~In 2 In2
so K /2= r = X
0.693



Xpovog Hpilwng prag Avrtidopaong 115 Tagewg

[
O xpovog nuilmrng, Aourov, LIOAOYIfeTal EDKOAA €AV €lVAl YV®OOT] OO T

otabepa tayovtntag k.

O xpovog nuuleng plag avrtidopaong npwing taewg eivar otabepog, yiati
eCaptatat povo amod T otabepd TayOTTAG KAl OXL AIO TI] OCOYKEVIP®OI] TOD

avTiOP®VTOG.

Avtiletwg, oe avtidpdaoelg mov Ogv elval mpwtng TASEMG, 0 XPOVOG Nuil®ng

e€aptatat aro T OLYKEVTP®OL).



[A],

=1
by
]
g
9
= t=3t
8 [A]/2 < 1/2
&
° @
[A],/4
1/2
[A]./8 — <
v Fir2 £
0
0 2
Time (arbitrary units)
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Avtiopaosig 216 Tagewg
e

H avtidpaon devtépag talewg eivat aotr) tng omotag n tayxvinta eSapratat
ario T OLYKEVIPWOI) EVOG PLOVO aVTIOP®VTOG DYMNPEVO €16 T devTepa 1) AIIO T

OLYKEVTIPMOOELG ODO AVTIOPOVIMV DWPOHEVES £1G TNV IPWOTI).

['a pua amhr) avtidpaon, wyvet ot: A —— Products

_Alal oo b b
Rate = Al = k[A] [ A]t_HJF Al



Avtiopaosig 216 Tagewg

e

Me Baon avtovg Toug DIIOAOYIOHOVG, CLUVAYETAL TO OOPIIEPACHA OTL:

[A] [A]
S
Y mx h

AnAadrn), n napanave eSiowon dnAmvet ott eva ypapnpa 1/[A] - ¢ etvat evbeia
YPappn pe xAion ton pe k xat onpeto topng pe tov asova y too pe 1/[A],. Etoy,
dnuiovpywvtag eva TtETolo ypagnua, stvat dovatod va Ppebet av n avridpaon

etvat 21 tademg.



Avtiopaosig 216 Tagewg

[
H exgppaor yia to xpovo nuilmng pag avrtidpaong 215 taewmg propet va Angbet,
av OoTtov OAOKANP®PEVO VOpo TG Tayvintag avtikataotadet [A], = [A],/2 kat t
= t,,.

W = kfug + —
()

RETERSN
02T\ IAL  TAL
1

k[Aly

or H 2=

Ev avtiBeoer pe tig avtdpaoelg 11 talemg, o Ypovog Mov amatteitat yua va
pewwbet 11 CLYKEVTPWOT) TOL A OTO P00 Ot pia avtidpaon 21 talewmg eCaptatat
ario apQOTEPd TNV APXIK] OLYKEVIP®OT) ToL A Kat tr) otabepd taxotntas.
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Characteristics of First- and Second-Order Reactions of the Type
A —— Products

First-Order Second-Order
AlA] A[A] 2
Rate la - —— =k[A ———=KkA
ate law A7 [A] A7 [A]
1 1
Concentration—time equation In [A]l; = =kt + In[A] — =kt + —
1 : 0 [Al; [Al
|
Linear graph In [A] versus ¢ Al versus f
Graphical determination of k k = —(Slope) k = Slope
. 0.693 1
Half-life b2 = P by = kAL
(constant) (not constant)



Avtiopaosig Mnoevikng Tagewg
e

H avtidpaon pndevikig tademg elval avty] 1] OHOld LIIOKELTAL OTOV IIAPAKAT®

VOO NG Tay LT TaG: A —— Products

A[A]
Rate = ———— = k[A]" = k(1) =k
At
Anhadr), kata ) dwdpkela g avtidpaong n TayxLINTa napdapevel otabepr) Kat
ton pe k, aveSaptntn amo T CLYKEVTP®OL TOL avTOPwVToG. O oAoKANP®HEVOG

VOPOG TNG TaXLTNTAG elvat:

[A] = —kt + [A]j



Avtiopaosig Mnoevikrg Tagewg

H napanave ékgpaon dnAwvel 0Tt eva ypagpnpa tng [A] oe oxeon pe 10 Xpovo
etvat pua evbeta ypappn, pe xkAiorn ton pe - k.

[Al,

[A]—>
2
E:
I
il




Mnyaviopot Avtidpaong

Onwg emwbnke napamnave, n tayodtta puag aviidpaong eSaptatat oovifwg
aro Aap@oOTeEPd TI] COYKEVIP®OI TOL AVTIOP®WVTOG KAt TNV Ty tng otabepag k.
Evag napayovtag 1ong onpaoctag ot XIHKI) KV TIKI) €lvatl Kat 0 PnXaviopog

avtidpaong.

(2g pnxaviopog avtidpaong voeitdal 1 oelpd TV PNHATeOV plag aviidpaong oo

KaBopiet v 000 Ao ta avidp®vida otd IPoiovid.

Eva pPrpa o’ éva pnyaviopo avtidpaong ovopaletal oTolxeimong avtidpaoy) 1)

otolyewwoeg Prpa.



NOs(g) + CO(g) — NO(g) + CO»(g) Overall reaction

Step 1.
Step 2.

27

NOy(g) + NO»(g) — NO(g) + NOs(g) Elementary reaction
NOs(g) + CO(g) —— NOy(g) + CO(g) Elementary reaction

@
° @ o ©

‘ Sty ‘
?—. @0 — ‘@ 00



Mnyaviopot Avtidpaong
[

H ynpikn eSiowon ywa pua otolewdn avtidpaorn aviuIpoOO®IIELEL TNV
IePLypa@Pr] evog SexmplotoL poplakoL ovpPavtog, OnAadr oynupatiopd /

dltaonaon XNPUKoV Oeop®v.

Avtibetwg, 1 wootabplopevn eSlomon plag TeAKNG avtidpaong Ieplypaget
povo T otoeloperpla g oovolikng Owadikaotag, ala dev mapeyet

AN POQPOPLEG Y1d TO TIWG IPAYUATOIOELTAL 1) avIidpaon).

Ta otowyelwdn Pripata o’ eva pnyaviopo avtidpaong Oa npemnet v abpoilovtat

KAt va 61voov TNV teAkr) aviidpaon.



Step 1. NOy(g) + NO»(g) — NO(g) + NOs(g)

Elementary reaction

Step 2. NO;(g) + CO(g) — NOy(g) + COx(g) Elementary reaction
NOx(g) + NOx(g) + NOs(g) + CO(g) — NO(g) + NO3(g) + NOs(g) + COx(g)
NO;(g) + CO(g) — NO(g) + COx(g) Overall reaction
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Mnyaviopot Avtidpaong

[
Muwa ynuwi éveon 11 €va otolxelo MOL HApAayetat ¢ &vd OTadlo pag
avtidpaong Kdat Katavalwveratr o eva emnopevo ovopdletat evOolapeoo
avtidpaong. Ta evOwapeoca puag aviidpaong dev epgavifoviat otV TeAKr)

eClomor), aA\d POVO OT1G eCLIOMOELS TOV OTOLXELWOMV AVTIOPACEDV.

Ot otoyewdelg avidpaoelg taStvopovvtal pe Paocn T POPLaKOTNTd TOUG,
OnAadn Tov apdpo v popiev (1) atopwv) mov PPloKeTdl OV ODAELPA TOV

AVTIOP®VI®V TNG XNHIKIG S10®MONG P1ag OTolXelmdovg avtidpaong.



Nopot Tayotntag & Mnyaviopot Avtiopaorng

Otav pwa ovvoAdwr) aviidpaon AapPaver yopa oe OO0 1) IIEPLOCOTEPA
OTOLXEWWON Prjpata, TOTe To eva Prjpa elvat MOAL o dpyo Ao TA AAAdL.

To mo apyo Prypa oe pua avtidpaon ovopaletat to kabopifov v tayovtyta
Prpa (rate-determining step), enetdr] avto to Prjpa Aettovpyel wg apayovrtag
kabvotépnong, meplopiloviag Tty TAXLTNIA HE TV omola ta aviidpovid
PETATPEIIOVTAL O€ IIPOTOVTA.

2TV DAPAKAT® AvTidpaot), yld Hapddetypd, To Ip®TO Prjpa TOL pnXaviopoo
elvat 1o mo apyo xat To kabopifov v tayotta, eve To devtepo Pripa yiverat
IOV Ypr)yopd.
ks . |
NO,(g) + NOy(g)—— NO(g) + NOs(g) Slower, rate-determining

k
NO;(g) + CO(g)—=— NO,(g) + CO,(g)  Faster

NO;y(g) + CO(g) —— NO(g) + CO(g) Overall reaction



Tayotnteg Avtiopacewv & Oeppokpaocia: H ESiowon Arrhenius

2op@ava pe To poviedo ¢ Bswpiag TV ovyKpovoewv, pla OlpOPlaKl)
aviidpaon yivetar otav OVO KATAMNINA®G MIPOCAVATOAOHEVA —POPLd
AVTIOP®VI®V EVOVOVTAL PE PLA EVEPYELAKA EMAPKI] OOYKPOVOT).

[a mapaderypa, AapPavetat i edrig avtidpaot):

A+ BC — AB + C

Eav n avtidpaon ocopPet 0" eéva Prpa, Ba mpemet n nAEKTPOVIAKE] KATAVOMT)
YOP® AIIO TOVG TPELG MLPLVEG V' aANASel Katd T OIPKELd THG ODYKPODOLG, £TOL
wote 0 0eopog A - B va dnuiovpynbdet kabwg o deopog B - C draonatat.

Metald tov otadiov amd ta avidpovid &g Td OPOTOVIA, Ol ITLPIVESG
Aappavoov dataln, €10t wote OAa ta atopa va ovvdéoviatr aobevmg petadd
TOUG.



Tayotnteg Avtidopaocewv & Oeppokpaocia: H ESiowon
Arrhenius

= ...

A+ B-C — A---B---C — A-B + C

® 0900 ¢+ 90—00¢ @O
A B A B C A B

C C

Eav ta A xat BC éxoov oopnmnpapeveg tig otopadeg nhektpoviav (0ev £xoov
aoLlevKTa NAEKTPOVIA 1] KEVA TPOXWIKA YAPNANG evepyewag), Ttote Oa
anodnboov.

[a va emrtevydet 1 dSataln A--B--C anatteital ta drtopa va £xoov evepyeld yia
va LIEPVIKNOOLV TV anwot). H evépyela avtr) mpogpyetatl o v KVITIKI)
eVEPYELd TV OLYKPOLOHEVOV OOUATIOIMV KOl HETATPENETAL Ot OLVAPIKI)
evepyeta oty A--B--C.



Tayotnteg Avtiopacewv & Oeppokpaocia: H ESiowon Arrhenius

Ynapyety, dnAadn), eva @paypa OLVAMIKI)G evePyelag, TO OO0 IPEIHeEL va
Sertepaotet, £T01 ®OTE TA AVTOPWVTA VA PETATPATIOLY OE IIPOTOVId.

To dywog tov @paypatog ovopaletar evepyewa evepyomoinorng (activation
energy - E,) xat n diatadn @V atopmv OTo PEYLOTO TOL HPOPIN TNG OOVAPIKIG
evepyelag ovopaletar  petafatiky  kataotaorn  (transition  state) 1)
evepyomnounpevo ovpnAoko (activated complex).

Egooov 1 evépyela Owatnpeltat Katd T OOYKPOLOI, OAN I &VEPYELd IIOD
AIIALTELTAL Y1d TO OXPATIORO TOL EVEPYOIIOUHEVOD CUPIAOKOD IIPOEPXETAL ATIO
TNV KLWVITLKI) EVEPYELA TV ODYKPOVOPEVAOV OOUATIOIDV.

Eav n evepyela obykpoovorng etvatl pikpotepn amo v E,, tote n aviidpaon dev
elvat ePkt. Av Opmg elvat pPeyalvTePt), TOTE TA AVTIOP®VTA PETATPEIOVIAL O
IIPOTOVTd.



A----B----C
(Transition state)

A +BC
(Reactants)

Potential energy —

AB+C
(Products)

Reaction progress —=

35



Tayotnteg Avtiopacewv & Oeppokpaocia: H ESiowon Arrhenius

IToAD Alyeg OLYKPOLOELS elval MAPAYDOYIKEG ylatl MOAD Alyeg oopPatvoov pe
evEPyeLd OLYKPOLONG TOOoT, Oorn kat 1 E,. Otav n E, eival peyaAn ev ooykpioet
pe Vv RT, TOTe T0 KAAOPA TOV OLYKPOVOEDV € EVEPYELA 101 1] HEYAAVTEPT) TG

E, divetat wg; .
f = ¢ E/RT

Ormov R n otabepa tov agplov [8.314 J/(K-mol)] xat T ) anmdoAvtn Beppoxkpaocia
oe Kelvin. To xAaopa f etvat moAv pikpog apdpog. Ia pa avtidpaon pe E, =
75 kJ/mol, exoope:

— —

— 75,000 L
mol _.-303

= exp =e =7 x 10714
E l

8.314 : 298 K

( K-mol)( )

e =

AvTO onpatvetl 0Tt poAlg 7 ovykpovoelg ota 100 tpioekatopvpla £XOUV ENAPKI)
EVEPYELA V1A PETATPOIL] TOV AVTIOP®VIDV OE IIPOTOVTA.



Tayotnteg Avtidopaocemv & Oeppokpaocia: H ESiowon Arrhenius

[
Kabwg avfaver 1n Oeppoxpaocia, 1 KATavopr] T®V &VEPYEI®V OLYKPOLOIG
Olevpovetal kKat petatomifetat oe LYNAOTEPES EVEPYELEG, HE OLVEIEW Pd
paydata avdnorn Tov KAAOHATOG TOV OLYKPOLOE®V IIOD KATAANYOLV O

IIPoToVTd.

Me pabnpatikovg 0povg, avto onuaivel O0tt kabwg 1 Beppoxkpacia T avavet

(dnAadr) to 1/ T pewwvetat), to kKAaopa f avdavet ekbetikd.

[a napadetypa, av oe pua aviidpaon n Beppoxpaoia avinbet amo tov 298 K

otovg 308 K (avinon poAig 3%), to xkAaopa f tputhaoctadetat.



Lower temperature

¥

Higher temperature

Fraction of collisions —=

¥

Collision energy E_—minimum energy

needed for reaction
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Tayotnteg Avtidopaocemv & Oeppokpaocia: H ESiowon Arrhenius

e
To xAaopa Twv OLYKPOLOE®V IIOL KATAANYEL Ot ONpIOLPYIA HPOTOVI®V

pewwvetat enurpoofeta e€attiag plag andaitnong IPooavatoAlopo.

Axkopa Kt av Ta avtidpwvid OLYKPOLOVIAlL e EeMAPKN evépyela, Oev O
aviwdpacovy, eKTOg Kl av 0 MPOCAVATOAIOHOG TOL (eDYOLG TOV AVTIIOPMVI®OV

elval 0 0®OTOG Y1d TOV OXLATIOHO TOV EVEPYOIIOUIEVOD COUIIAOKOD.

To x\dopa T@v oLYKPOLOE®V IOV £XOLV TOV KATAAANAO IIPOCAVATOAOHO yid
TV HETATPOII] TOV AVIOPOVI®V Ot MPOIOVIA OVOPRA(eTdl OTEPEOXIHIKOG

IIAapayovtag, p.



A+ CB-— A--C---B 4 A-B + C

® 06— 0 O o~0¢ O
A C B A C B A B C

Ta avtdpwvta anlwg Oa ovykpovotovy kat Oa draxmplotovy IIAAL, Y®pig T dnplovpyla IPoioviev
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Tayotnteg Avtidopaocemv & Oeppokpaocia: H ESiowon Arrhenius

.
Enedr) ot Owoplaxkeg ovykpovoelg Ovo omolovOonmote popiwv A kat B
oopPaivoov pe pubpo avaloyo T@V CLYKEVIPOOE®Y TOVG, IOYVEL OTL:

Collision rate = Z[A][B]

Ornov Z eivatr pa otabepa mov oyetietatl pe T ooxvotnta Kat £xet povadeg
otaBepag (k) tayvtntag 27 tadng (1/M:-s ) M-1s1).

Eniong, 1n taxomta aviidpaong etvatr pikpotepn dard tov podpo tov
OLDYKPODOE®V KATA &vd IApayovia p X f ywatt poOvo &va KAaopa
OLDYKPODOHEVOV OMHATIOIDV £XEL TOV KATAAANAO IIPOCAVATOAOPHO KAl TNV
eAAY10Tr) EVEPYELA IOV AIIALTELTAL Yid TV avIidpaon:

Reaction rate = p X f X Collision rate = pfZ[A][B]



Tayotnteg Avtidopaocemv & Oeppokpaocia: H ESiowon Arrhenius

[
E@ooov o vopog g tayotntag etvat:
Reaction rate = k[A][B]

TOTE 1] otabepd tayvInTag, ocopPava pe T Bewpia twv ooykpovoewv, Ba etvat:

k=pfZ ork = pZE_EﬂfF‘T

o (Gas constant
Activation
Rate constant energy l - Temperature (K)
k = pZeEa/RT

.-"'ﬂ

Fraction of collisions r\\
with proper orientation

for reaction

Fraction of collisions
with sufficient energy

Constant related to  for reaction
collision fr‘\::qunanq.r



Tayotnteg Avtidopaocemv & Oeppokpaocia: H ESiowon Arrhenius

-
H napanave éx@paorn oovifwg divetat oe pia pop@n mov ovopadetatl e§iowor)

Arrhenius:

ARRHENIUS EQUATION: k = Ae Eo/RT

H napapetpog A (= p-Z) ovopaletatl HApAayovTag OLXVOTNTAG. 2& OOPPOVIA HE
10 petov (-) otov exbétn g eSlowong, 1 otabepa tayvnrag petwverat kabmg

avfavet 1) E, xat avSavet kabwg avlavern T.



H Xprnon g ESiowong Arrhenius

=e . ...
AoyapiOpifovtag (In) xat ta dvo pepn g eSiowong Arrhenius, AapPavetat 1
e€rg AoyapiBuxn) poper): E.

RT

H eSlowon poopet va draokevaotel 0NV HAPAKAT® PLOPPI):

E,
Ink = (—)(l) + InA
Y

Me Baon avtr)v Vv e§iowon, eva ypagnpa Ink - 1/T Oivel pua evbeta ypappr),
pe xAton - E,/R xat onpeto topng pe tov agova y oo pe InA. Iewpapartika, n E,
propet va vnoloyiotet wg: E, = R x xAton).
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In k

—10

-12

-14

—-16

Ax

0.0012

0.0014

0.0016
1/T(1/K)

0.0015
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