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Chap*f% [l - Chemicod Kinefics

‘m@umod?nwmics S ued fo predict whdren o reaction will procesdf
wnder speedied eandihons — bud it camvnet be woed fo presict how
t the reaction, will or by what mecharsm £ will proceed.
70 Y P

Examples :
d HlU@p + Mg(OH)_Z ) > Mgl o + AH0O() 26=-97kT v mpid

Cdamond) + O3@ — CO, @ AG= =39, kT v, Shw

»Ckem.coﬂ. kunetics is The study of % of chemcal reachona (ie. defermimott
d how fast reachoms 70) ond The mechamsms by whih Yey occun-

iLeié consider what thio meams

rale: change in the amesnbiafion. of product or reactunt ;w) unit
fume. s aluaws o pesiive number. T veactarit
- oven tume duapgpeans and TR product appians .

.Ccmsidm_.a_ i-sk:prtacﬁw\-' A—’B

'w% — loo%
T . Nd\l ’Eﬂ. A - QAB)
o emeawhodion. | N\ Rt = — 3% = + 3%
@) % fo. O
Time —
_A (A=A, | |
role o‘f reachon = '(\ ‘A—ﬁ = (ia_§> Y‘Cﬂlo-f /p&S‘ O{A
for any fume untervol S 2 Lk fume
At = tél_ t, be postiue
AB Bg - 81 .
= = = ke ducken.
At tot of g Predycke

- For most purposes we. are inderested itk the wnutad ot of reactn



\o-2

which 15 the i of 20 when Fhe reactn just begins
As Jume progresses, we see the ol of reactin slo doum (slope of lime 0)

How do rachoms occun @ My occun vios The reachon machanism : The.
Po.ﬂ\my (or series of skps) by which. the reachon proceeds. The reachm
rade « depentlent on the rmles of wmdirduad steps - ao we shall see .

The rote of reachon dqaev\ds on 4 -ﬁ.donsr
() the notune of e reactomts
@) Hhe cmarhotion o‘f reacClomds

(@) orprodure
4) cotolysew

Q} N ature o‘f Rmdcw\t
+ Chemacol ad'\u.\‘bq ' eq some mjv«b are. more achive than Stus
In aduhtf Kis) > No(s) > Li(s)

. PMsfml shie (S}ZC. of ?Mhdu, phoat ke )
(@ o substamee ot s ﬁnd" qround reactks fwkr\.#wm‘ﬁuwe_
substomee in chumks due fo e much greaten smﬁu. onea
C‘/Kpo%cd ‘ﬁ)r reachon in ﬁ\e,jaowdmd sample -
(b). veochons that occun beduween dusolued 1mo in Soluion ana
uch move vopid “Hthom betweun solids or qases, Sinea. i The
fgrmur case, ho bmds reed to be broken.

(2) Cononbrotion o£ Reactamds

In %e./rw\al, oo The mmhaﬁm af reattants mowase
the proba. of collisions inowase
<o the Probabd'rb:{ of reachons OCc,lurwq INOASEA.
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For o sumple one step rachms A = B +2C (decompc;;dim reachym.)

. - aA _ 4B . aC
Rote of veachon. = AL T A T 7ap

+ of any fume |t

wol _

Rofe « (A] L7 = conconhodion. i = =M

Rate Law Expremsion.: Rale = k [A] for o specific fompuodure.
' where kK » The ol conofart
& f (Al v doubled , He e of reactim doubles

* MOST reachow one. NOT ore step reqd'tbr\s ’
The rofe law expressions must be defemunad expumendolly,

Consider the qenerol veoction.:

af +bB + cC - dD + eE + fF
Generol form of The rode law exprassions :

Rit () = k (AT (BI*(cI®

where ks the speadie 1fe covotant
A, B, C are ractarts (no produch are tnvodved)
x s the ordm of Yl reachm with vupedt fo A
3 s “the ovder of the veachion. witl ropect fo B
s The ordw of “the rachon with repedt 4 C
Qv»cagwol, X,4,2 have voluw of O, ,4)"
(x + Y + 2) is the cvenll order of the reaction.

*_N_Q___@‘ Xy 4, 2 have NOTHING {0 do with. Hhe. stoichiometrc 0_04%4&0#\*5
i The C%Mrﬁom -@r the reachm — they muwst be obtuired by ?)APU'IM'}E
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Exaxmplnz The ]G\ lowt)vxq vl dodo were oftoumed of 25°C -ﬁ\ the
, «@\lowimq reachior.. Whot is The 1ol law OncprﬁsSidv\?

2A +B = 3C
Experimerd (Al [(Blinkid  Tnihal e of ﬁ')mod'm\ of C
\ 0.10M 0.10 M 20 x10°% M.g?
2 0.30M 0.30M 60 x 10" Ms'
3 0.10M 0.30M 2.0*10M Mg
K 0.20M O.40M HOox Ig™* M.s"

We know Thet the vafe loaw expression, will be: vl = k (AT (BY

By obsiation, we denhify potns of experimonts where cmeantrotions of
reoctonds are ol e same, excopt for one.  We look to see whot
olfact o chamge in do emeontiation hos on the kol e of rtactim.

Aside: Comside Rofa= k(AT N
+if x=0 (toocdn % A) : Rae=k{AI° Rate= ametortk
sif x= 1 (st o WA Rin=k(pl  Rae= [A]
Of %22 (seend odin WA)  Rata = k (ALY R @ [AT*

ExPexxWr\t b+3: (Al s wnobmt = Q.IOM o3 M
(8] musases by o factor of 3(= 5.-\74)
but the ofe of vaction does NOT charge
(8] dowr net offect the vt
- oder of reackon Y% (wik rapect to) B =y=0

Expoimants .+ 3 (81 cvotort = 0.30 M, (A] diowoass by 7?‘33\‘;-«"{3

rala o] reaction docroanes by cu(ador of 3(‘W
“rode € [AT; orden of veackion Wi A =1 (foutovden)

Rofe law exprassion : Rota - k(al'(RI° = k(al Wf’f%f\:ﬂ?dm\
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Example:  Whod is The ot laws EXALSS (ON. ]Qr Yhe ﬁl(owc}yq reaction., giuen

e dotn below ?
AA + B+ QC - 3D +QE
kol Rofe 0?
Ex Peximmt (ATt  [(Blmol [Clmdel  Formehon of D
n 0.20 M 0.10 M 0.10 M 2107 M /i
a 0.20 M 0.30M  (.90M 18X 16 M fimin
3 0.20 M 0.10M 0.30M Ax16* M /min
X . 10M 0.LOM  OHOM 3.6%10% M /min

The rofe lauw expressions will howtﬂ\efor\m: Roe = k [ATLR]Y [c1®
Now we must Jook ot The dofo o derive The valua of x, y2.

apermwv\ts |«3: [A] (8] w@wm#wv\t , (€] nowsass by a]@dm.of:% (’ %‘."?‘)
rede does NOT chamge
% reackion 1s 2000 (dtn Wi o C and we cam ignow This doda

Expermard |+ 2+ [AT s cootnt , [B] inowasss by o.ﬁxdggor ‘01“3
i noses by o factor of O (= 25

o rad < (B1% , reachem w eend der WA B

There ore no expramands where (A1 vanis amd (B remams constont, So we
will hawe fo evaluode. the odur of The reachm Wi A mothematicolly
Leks woe Exp Q%M where [AT vories and wrds down the nde laws
expressions wih The valuos plugged i, and solve L equatimo with
L wnknoums ¢ X amd k by dividung ore e%uo.h‘m by e Sthn, .

|

Rate = k [A]" LB]"Léf

Expt 4 3.6x10%= w(0.1) (00" Now: Puf the expramont wilk

Expt & 18x10°= k 0" (03" the larger oo on op - the
numbers work out easan Yhod
way.
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. b\
Smebfang, 2 = (5%) (53)
- (=)@)
U S RAN
2 F = (%)
x = 1 S veachon Is \Q\a‘l’ ordin Wb A

Te volte low exprmsion 's  Rede = k[AIBT"  orerall ~der io 14223

Example s Using the obove vite law expression,, i the comconttatim of A
were. haved omd The cmanfiatin of B were hiphd duwrg o reactun, whet
would happen fo He rede ?

Assume the wtal cncowhohms of A and B wene bath, | M. Tﬁw.@ve.
Rote = k (AT(B]* = K(NOY = k
Adier e chamge w.“lhmdtm
Rede = k (£)B) -
. e refe of e reachm womwa nosous by o o] 72,

ngch Refe Crvofont, K

hoho~ M M -
Reachon role olways hos umiks of cmme,& q~s , Wm M.t

The wnids of K Houfne depend on Hhe overall oder of Hhe riachim. ( Refk (AT

i

| Overoll Owder of Reaction Units of k Example
®) M.t Rt = k
\ 1+ Rate - k[A]
2 M.t Ratp = k (AT
3 M2t Rata= k (AT

In some CMOMPU.A, Wruibcrf k oo omdted - bufymm.d‘bkmwm.

To dutrmine voluan k in am example, use the doda. from omy expuimend
inthot exomple, plug o the rofe law exprasion. and solve 40 k.
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Example : Recoll the seemd example fu tohich we dadrmimed He e - law

: upussim:
Rete - k (AJLBT*
Usng Bxpt L IRk k (020 M) (010 M)
k = O M

Now we com wrdty the complifi, rode low expression: Pdta 0.1 M [HI[BT
Mamy fume we wish fo know The emconchation o o reactant ‘ff\ai'wmld remaim

a{l}u o.sp_w.{m_d fome, or how lmg & would hhﬁ-@r some. ameunt of e,
reactomts fo be toed up.  This kods w b The amcepts of

Holf- h& and The In‘rﬂqud Rofe, Ethow (fEx fout order reachme der veoch QQHW{:(15

The holf- i of o reactamt. ta the fume required fo holf of the reactand to
be conswmed in the ractom ‘

[AT.. %o{ (Al, o qora E‘“_‘” ) ( &iﬂ:tm:ug e
Al the beginnmmg ©
EA] (Al {----- : 3 gAjomw:dd (M, f)
o) | 5 hr.’:;f; 3x:t42-_ H"Zi'
For veachivo that axa foust ordin W A and fout o overall (e rodivodue decay)

Rote = ~ :ﬂi} = —g[fl = k(A] where (Al = amd b tnc™ of A
remaming o time,t

—~dfAl - (al, = w:\ml.anﬂ’axcmc
Al =)kt @ o
(A]t ) —h’c [A fm?m;*re any
(Al - k = vcio. Qavwb/»\t

| (Al (Al -kt C'“bw‘@ Al kt
!Q’“ﬁf' ~kU or log TAL = 7303 | o log7(a] ~ 2303
L pafer




o~

X

bose 10

Nete : \oq s OYPOV\OM:" \0% y=x & IO y
: Y base € = 2,383+

hy=x & e”

example:  log,, 100=2
10> = 100

At tome t=ty , [Al = Z[AL bydfemitin
f we plug this inte fre previous equatin (the ore thot T Like), we howe

‘L{ o _ k'{:t

\03 1. - 72303
~kti

-00301 = 2.303

' 0.093
5" Tk J

ExamP\ez C\.'c_lopropame dﬁc.ompoeeo fo propene. by Frsf order kimetics.

CHa

fa—ci, — CHaCH=CH,  tg=0.07Ss

() colanlade the ml eamsfamt , k

093 03
=Tf; " 00%6s " 92 s

(by How much of o. 3.0 g somple remouns mﬁm, 0.20s?

' A-t _ -kt
\og Ao - 2.303

A -9.2 s x 0.20s
lO% 3.0 = a.303

A
log 3.0~ TO#99

Take the invesse log of both sides <ow colewlodor 2 v o or

Ay
30 - 0159 - At=0."!7>3
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(¢) How long does & foke (in seads) fo hawe only 0.010 g runownw’ of
- 30 9 Sa/mpln,.?

Ay, | -kt
loq A, 2.303
0.010 - ql 5" xt
log 3.0 ° 2303
0,010 225" xt
Slmply foke l()q Of 30 °* -4.H8 = 2.303
t = 0.b2s

@) Whot -ﬁo.d’lan of The sample hoo been convtrted o propere. aftu 0.50s 7

At —kt __&. . . . ’

log A, ° 72203 whine TA s the fiaction Thot rmains !
A, - .

A -02" x0.50s amd (1= % s the froction. thot hao reackd.
log A, 2.303

A
log A: = -2.0

At ' . .

A, = 0.0] > 001 (or 1%) s Hhe ﬁadim ofcydomopamt remainug

094 (or9%) & the ﬁucﬁb\u thot hao reacted.
“Tuwo theorias are wed o explain. why contain. fickors offect reaction v,

T Coll{sim\.»‘ﬂ\enry of Reaction Rafio  (used fn |- step reachions)

premuse : in order for o reaction fo occur, the atoms, mokudes or o
@) must collide (come mio cmtact)
(b) must have am Cffedfut collision. e
. Yeo.cﬂnq specian must have & minmumum enugy which wll be,
hamsfered udo breaking ofd bonds and making rew meo.
- racting specito must have proper orientotin.

Consuder the gas phase reactn:  CO + HO = COp + Hy  26pn= 7386 8

ran 18 Spanbmeous
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C=0 + H-O0 — 0=C=0 + H-H

/

H

What kund of o collisim do we need 4o get bond formation ?
ANS.  The O atom in H;O must come indo confact with e C adom.
in CO |

0-4-C=0 — 0=C=0 + H,

Colliswr
Effective collision. (providing the erongyy of
vmpact is Yend enough.)

}I Transthon Shite Theory :

promise: i a. |- slep reoction, the reactamts are fiut converted ino
o high enngy wdomadiate stite, called o hansthin. state, befme.
]Qrm‘}m; products .

Consider XO. +y9. - )(y
574 frarsition br excikd) shit, -+ reprsend porkol

| 0 Ve A : -
' E&ﬁwo.;\d w ﬂ\t odWofwvx
poknchall T n e
vy forese el P fund
] \E, 1 Ea revense 0 He activation
R en He. revesse
2 Xy oot 1
Reachion. Coodnal ek

reoctords X and Yo have fo possess achuchion ey, Ea,
i owder o reach

£ X ond Vo do reach, te change un wlanal energy, 25,
dcnoanes - Ep=E, <O~ thee is o relocs of
enngy. M inthe oove reackion. Ko Yo ¢ XY ane s,
thon 2E = 2H and the reachm is exothoumic.

AE- AH- Pay = AH- ApRF
O
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Peo.c:l“lbh.iMeohmm ond e Rali - Law Expression,

Most reactions_occun w0 sers of steps colled the mechamsim o o reackim..
These steps are Fhoughdt fo be. primanily | |
(1) unimoleculor d,cwmpo&ﬁbw steps eq. A->B+C
(@) bimoleculon. collisions * eq A+B-C
* Hrimolecular collisims betwean 3 (or mow,) SPecY Ot e,
smee & s vewy vmproboble fhot 3 (or mow) spacies wnld be
ar‘fﬁo.smplamoi’ exacly tle some tume Jo collide,
| and reat ~ e do nof consler thom.

+Hhe SOWEST skp demines The il of The ovroll reackim, It ia
-~ colld Hho * o~ defaminng slep” ond ks ‘fﬂcskprL
k_.q\m actvoton, exarnqy (Fig lo- 12, p.640).

” Pomol. quxf Dloqnw\ 1 o. -
3-s{cprta.duw He &"Q.ﬂcp v The

s mw skp (Foo hghot E)

:‘ﬂ»e expia imentolly- dovwed rte- lgu) exprssion o Roz = k [A}"EBJY
- lsud o postulde a. rechamem {o the reachm The voles of x and y
e relloded o the coefficionts of Yo veactomts in the SLOWEST shp,

o ifluenced vn Sovre cones by eanler steps.

When the slow slep in o machamiom. s the fout slep, fhe culer of o reachm,
W 4o o partiwdar reoctart (the expoment ) indicalds “fhe number
molecnlos of that reactant thot opp earaoread'wds i that

1‘, slow, e -defimining step. P{:‘Yﬁmm fst, %/UAJL&UMM sleps
Pr\or~ (efow.) Yo the slow step Yo sthuotm. b more C_ampchm‘cd

oo el see.
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TTo doteumine. 'f o propoted mechaniim. is Fhe correct one fr a_ reaction
. ot oot Q croftia muot be met :
(1) Fhe swm of oll the skps must be the same as The overal( reaction,
when like Yevms ane camealled.
@) The rate- law expassione of The mechamism. must madeh. e fuug,
expormentally- derwed rof - law exprssion..
i (1) self- explunodory
o (@) @) if The shw, iadedelevmunig slp s the fout step, Fen the nusmden of

Yureo ench reoctont appenAs Ao o reachnt is The, €4§00n67\t ,‘h‘h wofi
oo expuussim. © Rafi = k [each reactant]Momteeof bt appusc.

'5<a/r~\p(9.: Considor the V\x.,foﬁd{cal. reaction,
dA+B+C — AC + AB

wih the expermentodly - dviwed role law exprassion -
Roti = k [AJ(RI(CT

The wife. law expuassion Yella us thot one moleale cack of A, Band C
are ihvolued in defermining fhe vt of the vacthion.

Possi bl mechamiem. 1:
Skep O A+ A—= A (slow)
Skp @ AL+ B = AB+A  (fout)
Skep 3 A+ C—> AC (}Got)

ovoodl AR +B+C — AC+AB

Notz: A, is colled an indta medialti; 'k io both producad and comsumed
In ‘W\Q reachons .
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Tnlepretodion. of Fus mechamism :
Skp(@D 1wo atome o) A collide togefun with enough. enenqy o produce.
_ 1 Molewh. 0'( Ao,
Skp(D et motocule. of Ay (onpmlamedicts, remember) Co“ndlom&
an odom of B o produce a moleculeof AB and am adm
of A.
Skp@ fhe. Cdom o‘f A Then collides with. an adom of C; a chemical bord
' Erm:d betweon A amd C and Uodcl: a molecnls of AC .
The. cverodl rechon. is The Swmof"ﬂf_ reactamls and pmdu.da o./i-u,
Crossing out like fewms, .

So, could Mechanism 1. b a posible. machamim f Hhio reackim?
o Crifttion 1 & met — Ve overall reachms makh |
« the rfe. luo exprssie. , Ho, {3 Hhis mechamim i+ Reth.= e

o Mechamism. 1 camnct be the correct machanim..

o 2(b) I the slow step is precccdad by faot, e%LuLhumS‘kps then we howe.
m'ﬁu‘oww? Sd'uohm.

Possiola. Mecharusim. ! (ﬁr our Same Mpow V&mﬁﬂ)\.)

Siep® A+ B = AB  (foot equiibruim)
S{cp@ AB +C — ABC (slow) ARG s indevredicls
Sk?,@ ABC+ A — AC+AB (}%ﬂ)

overolt 2A +B+ C — AC+AB

e cridnone 1 is mats ovenll reaction. agress wath, reaction. unden. study
. Critnien 2
usung e slow skep, the vole law eXPALI IO 'S

Rl = k (AB]L]



- ExTRA

EXO""‘P‘E: - Q. N&Og —-> “JNO_.L + Ol Rote = k{NgOg‘]

Rssible mechamsm: @ NgO¢ — NO+ NO3  (slow)
@ NpOs * NOg=> Ny +NO3  (fud
®  NOy + Npoy> 2 NO, * NO;  (fou®
@ NO; + NOy=> 2ANO, + 0, (fost)

overall.  ANO< = 4NO, + Oy

Re,mﬂ. the slowen e siep, the hghan s the achvadim envay fo That skp.
(o8 PoSSIbL(L Pofodlal gy qum (ASSM Wﬁm A w cndmd:)

B EL E®

Pokn\h&l
nergy

— -y

AE {o reochon

W e et — —— —— — — ———

reachon coordinole
s the followwng o potental mechamsm. 7

Skp O Nals - N,O + 20, Cslouﬁ
@ NpOs +N,0 > ANO, + Op+ Ny (faot)
® Na +30p - 2NO, (foat)

C ol A NpOs > 4NOy+ O

Ars yw,mg\fd‘ thaonle so; stepD cmtmmo | melocde of Ay0¢ and'dt
s the slow reaction.. However skp @ is o fimolecwdan veaction.
Which s ot likely <t fhis is NOT o likely mechangim. (‘TEJCKy>
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i
; 'Bu'.l'ﬁens hpto.maduﬂ',,xtlo'ﬁm&dbw&c.?@a,wd%swﬂd'm Skp@

i Fou ;%a.ahbmmg& ma ng tp(i)vlr»He.d«wm Jl) we cam wvib.
Cpoduct Hlpodudt2 T ete -
C‘@M“om avotont, K = et 1 TCaodad 2] o w\'ﬁﬂg)
for Skp@_,’ A+B = AB K- gﬁ??ﬁ; = (Ap] - K&KB]
; Subshmw__ no the o loaw expression : Rodi. =k (ABI[c]
we hove, ) | o R
- Raw= k(KLAICBT) (C] = K/ [AllelCl
. . I whre k'= kK
M—@m s cham&v:gﬁy pecornct. To Dvouui: we. mugt 15olite
the mdemedisls  ABC, m?ﬁ&laboraiorv -
tlﬂuo}&\ we. hase. stadiad o -hctors ot comfued Te mILofTﬂzmadwh
(D) nadwngof eoddents
(@) cnaortatim o ractords.
- (3) EGdt Jure, d\a@%o on veaction 1615, (Exampla: 49, 53)
Consder the 1 skp Ytaci'm r A. + B,:f’, me ,-TL_EQJLT—,, k f:ﬂ] [B] |
N FA ossible. pokmbiol ene r T T B rwed e
A possible. p L erengy diogiom Pok;[i{ LT
. s e EMY_ b - . é‘
| Reachon Coordinate

As the dompoarodure merases, mow and mow vmd'a,v& vw:\ew(&s house He recossary
cqy, Ea (the actwoton ennngy) Ho react and Frm product molueulss upm colsim

Ea. does net change wik the tmpmnatune; it only d\amqes if mechamsm. d\w]e.
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Arrherius_ developed the mathemohial relotinship betwen, fempunadure, Tho
. __ vl comatamk, k. (which does dopend o T) and #e activatim enengy, Fa
_(which deea NOT dhoperd on T). S
k=Ae = where. k spoohie ot conotond
ﬁﬁW }Gdor vdodd
;fTT RTJz RTT,CRTT kT, rota T G)no}mo{w
S @ c,{:f:\:dluchw
Tab.wq V\os\u/\al \oq <>£ bo‘[’k S\Cle.o o . °f collisims
Cnk= A - A,,,_,__V,_R‘,? 3\4 :r/mu
T obshule T (k)

QT ,lgqr \QqA - :1303 ®T,
@ T g k,,__ g - THAET;

” Subhod’dxq 0] ﬁows @, wtkm}

R . . E&,'_ . E_CL . . -
log ko~ log ky = log# - Jog A - (1.30335,‘.:2.393;}27‘)_-

] . e E“ — ( o _}_; ; A,,,E&_, L ( T_ ‘r‘_ S S
loq k. = 233BR Tal 7 233R\ T L)

.&wu__mm_mmdmﬁm crw; 76» He reockion s éLNaO(cp,_ QN;,@+ Oafg) €
whow K, = 26x10™ sT ot 300°C (SF3K)
kp= 21%10°s" of 330°C (LO3K).

Trxipe st Ex - 0/ pOF—5FFy
loq 26X 6™ sT T 23037 8.3 I/mAK | 603x 533/

"

oq %1 = s (5w

"

CEa = 2007105 T/wd or 200 KT/
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() Effict of Codolisty

| Ca}aquﬁ one subshmces Hat speed wp reaction. odzo without bewng eooumed.

TC\ey Cam appean 'mame%»oa‘im! A+ B + wblyt = C+ codalyst, ov may anly

appear over the amew —Ss

Mos“’ cotadiy sts appear o ﬁwcﬁm by Some how IOM. the actwahm enAgy
of The WW reaction by providing am aliandte t%acﬁm Pothuay.
(e Fig 16-15 ptt5). = E.b £2| ~2 1t ¢ &1 kT et

R T
Potentol " E,reverse Pofondtadl
T i S S
Reaction. Coordimale Reachom Condingte
UNCATALYQED | CATAL)/ZED

-

There are fwo Qoieqories of Cotalysts :
(N homoc]%e.ou.s : the catalyst exisTs in sume phase ao reactants
example :  Strong acids

@ @
CHz C-O-CH, CH; @ + H,0 ﬁ-) CH;COH (e t CH3CH20H(0,%)
cm% acetate acehe acd e thamol

(2) heterogeneous : the catalyst exisk in o diffeunt phate fham reactands
I+ is woually o solid — wokch. lowers the activotton energy
by provdurg a. suaface wpm which, the reactima
Cam oCCw. Pt
example:  AHy @ + Oa(d = L H,00) A6 =-474 RI
This reacton. doeo hot go oppuciably at room femppatune
but inthe pusence of Pt which s forely dwided , fhe
reaction. is exploswe .



