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1.



RATES RA TES OF REACTION



Concepts & Experiments Associated With Rates Of Reaction Factors affecting the rate of a chemical reaction are:     



Temperature Concentration Surface Area Catalyst Light



A chemical reaction is the result of collision of sufficient energy and proper orientation. The rate can be expressed as the product of three factors: Rate



=



Collision Fre"uency



+



nergy Factor



+



!robability Factor   #$rientation%



The collision fre"uency depends upon: #a% &o' closely the particles are cro'ded together( i.e. concentration or pressure. #b% &o' larg largee they are and( and( #c% &o' fast they are mo)ing mo)ing 'hich depends on their 'eight and the temperature. The probability factor depends on the geometry of the particles and the *ind of reaction that is ta*ing place. nergy factor depends upon temperature and the energy of acti)ation(  act. The minimum energy needed to ma*e a reaction ta*e place is called the  Activation Energy( act.



  g   r   e
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Figure 1.1 Graph Showing  Energy Against   Reaction



Reactants



!roducts



Reaction Course Cl. &



,



3r.



,



C&&Cl



,



C&-.



C&- 44444 &



act &3r



,



=



/.0 12.



C&-.



act



=



56 12.



As can be seen abo)e( Chlorine is far more reacti)e than 3romine. A successful reaction depends also on proper orientation. For instance:



&



Figure 1.2  !iagra"s Showing Success#ul  Reactions
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The collision may be successful( if the direction of approach is correct( but the energy lies to the right as 'ell.



     .    !



C& .



,



&Cl
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Figure 1.3  Progress  Progress $#  Reactions
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act = /.0 12



C&;



, Cl C&;. ,



Cl







∆&



!rog C& -  , ress $F Rea ctio ns



= ,;.6 12 12



&Cl



Figure 1.4



     .    !



!rogress $f Reaction C&-.



,



&3r 



act = 56 12 ∆



C&;  ,



3r. C&;  ,



3r.



&=



!rog ress $F . C&Rea -  , ctio ns



,



/5.6 12



&3r 



Surface Area The smaller the si8e of reacti)ity particle( the greater is the total surface area exposed for reaction and( conse"uently( the faster reaction #a% Slo' reaction reaction 9 arble arble chips 'ith 'ith dilute dilute hydrochlor hydrochloric ic acid CaC$- #s%



,



6&Cl



C aCl 6



#b% Fast reaction 9 !o'er CaC$ - , $thers:



g #Ribbon% , g #!o'der% ,



,



&6$



,



C$6 #g%



#dil% &Cl



&Cl &Cl



Slo' Fast



Concentration An increase in concentration means there are more reactant molecules in a gi)en )olume. This may lead to more fre"uent collisions and to a faster rate of reaction.
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Table 1.1 Table 1 .1  Relation $# 'olu"e 'olu"e (o (hiosulphate Concentration



Exp’t Numb er



Volume Of  Acid (cm3)



Volume of  Thiosulphate (cm3)



Volume Of Water



1 2 3 4 5 6 7 8



> > > > > > > >



> ; ;> - -> 6 6> 



>  >  6> 6 -> -



Time, t (s)



1t



The )olume of the thiosulphate is directly related to its concentration. The ratio of the reaction depends on concentration of sodium thiosulphate. ?t is a measure of the rate. A plot of ?t against )olume of thiosulphate 'ill sho' ho' concentration affects the rate.



Figure 1.5  )n*erse $# (i"e (i"e  Against 'olu"e 'olu"e



?t



@olume



 Temperatur  Temperature e The rate of a chemical reaction is increased by increasing temperature of the reactants. !articles mo)e faster 'hen temperature is raised. This means that:
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#a% !articles !articles collide collide more fre"uently fre"uently #b% The collision collision are more more energetic( i.e.( more particles particles ha)e energy energy greater than  act.( as a result the reaction rate is faster e.g. Slo':



Fast:



g  g #Ribbon%



g g #Ribbon%



,



,



Cold &Cl .>  &o &ot &Cl .> 



& 6 #g%



& 6 #g%



At different temperatures the )olume of the gas formed could be measured and )olume plotted against time.



Cata!sts Catalyst alters the rate of a chemical reaction. They lo'er the acti)ation energy for a gi)en reaction ensuring that more are successful en8ymes are catalyst in biological systems. any industries use different types of inorganic catalyst.



Table 1.2 Table 1. 2 Catalysts ,sed  )n )ndustries



Table 1.3 Table 1 .3 So"e -unctions And ,ses $# Catalysts )n  )ndustries &  .iological Syste"s Syste"s



!"dustri al #rocess



$NO3 #roducti o"



N$3 #roducti o"



%O3 #roducti o"



$arde"i "& Oils



'raci" & Oils



Catalyst



!t ? Rh



Fe



@ Cpds.



Bi



Al 6$-



E"*mes



+u"ctio"s



Sali)ary Amylase



Found in sali)a. Con)erts starch to maltose.



Cataly8e



ecomposes peroxides( 'hich 'ould other'ise act as poisons. Found in the li)er.



n8ymes are specific( affected by p& and te mperature.



Figure 1.6   P  PE Required Required (o ,se Reactants (o act #


     .



act #


!roducts ∆&
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A change of reactants to products has a lo'er  act if a catalyst is used. Example:



6&6$6 61Cl$-



n$6 n$6



6&6$



,



$6



61Cl



,



-$6



The )olume of $ 6 #g% produced is plotted against time. Figure 1.7   Apparatus ,sed (o Collect $ % 0g  -or (he Catalytic  !eco"position



 $6



Syringe



&6$6 n$6



   %   m   c    #   e   m   u    l   o    @



Figure 1.8 Graph Showing 'olu"e 'olu"e Against Ag ainst



   -



Time #s% Time #s%
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"i#ht !hotosynthesis and photography both in)ol)e light sensiti)e reaction. Chlorophyll( the green  pigment in lea)es( absorbs absorbs radiation in the )isible )isible region of the electromagnetic electromagnetic spectrum and uses this energy to synthesi8e chemicals and pro)ide food for the plant. /C$6



,



h



/&6$



C/&6$/ #a"% ,



/$6 #g%



∆&



=



,



606> 12 mol 4






h



Ag #s%



,



D Cl6 #g%



Reactions of halogens 'ith al*anes: Cl6



Cl.



,



Cl. (radicals)



Cl.



+



&6



&Cl



,



&.



&.



,



Cl6



&Cl



,



Cl.



C&;



,



Cl6



h



C&-Cl , &Cl C&6Cl6  , &Cl   C&Cl-  , &Cl CCl;  , &Cl



Eltra)iolet radiation splits Cl 6 #g% into free radicals.



En$!mes % The Actie Site "oc' & (e! Theor! n8ymes are specific for substrates. The substrate must fit into the acti)e site of the en8yme. This fit is referred to as the loc* ad *ey h ypothesis. ypothesis. The )ery precise fit is the reason 'hy en8ymes are so specific:   



Sali)ary amylase to starch #substrate%. !epsin to protein. Lipase to fat( etc.



The bonding bet'een en8yme and substrate may in)ol)e electrostatic attraction( hydrogen  bonding and )an der 
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Figure 1.9 Substrate 5  En6y"e  Products  Products 



Substrate



n8ym 8yme



Starch



Sali)ary Amylase



,



n8ym 8yme? Substrat rate Complex altose



!roducts n8ym 8yme ,



Sali)ary Amylase



)oisonin# of Cata!st 7t happens 'hen a substance is absorbed strongly and pre)ents the catalyst from absorbing the reactants e.g. lead poisoning in catalytic con)erters in )ehicles( cyanide( carbon monoxide( etc.



Cata!st As A Surface )henomenon In Industr! Examples



The formation of ethane from ethane and hydrogen( Bi being catalyst: C6&; #g% ,



 Bi



&6 #g%



C6&/ #g%



 Bic*el is a transition transition element and has empty d 9 orbitals. orbitals. At At particular sites on the the surface of a  piece of Bic*el( the atoms are arranged arranged in such a 'ay that the the G cloud of elections #from C 6&;% can o)erlap 'ith an empty d 9orbital.



G &



& C



C



&



&



..



 ..



d



 Bi



Figure 1.10  .onding $# 7 Electrons Electrons 8ith 'acant d 9 orbitals in :ic;el :ic;el .oth $*erla $*erla s



d Bi



Acti)e Site



d Bi



The effecti)eness of the catalyst is increased if it is po'dered. This increases the surface area. The ethane molecule is held to the surface 'here it reacts 'ith hydrogen molecule.
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RATES Rate constant is defined as the proportionality constant bet'een the rate of a reaction and the concentration of the species that appear in the rate la'( raised raised to the approximate po'er. Consider a reaction bet'een x and y H



,



I



!roducts



Reaction Rate J KH m KIn



=



1 #H% m #I% n



The proportionality constant 1 is called the rate constant: Reaction Rate 1



= #H%m #I%n



The e"uation is referred to the rate e"uation or rate expression. The reaction rate is the instantaneous rate at 'hich the concentration of the product in a reaction is changing di)ided by the coefficient of that species in the balanced e"uation for the reaction. Factors That Can a*e A Reaction Ta*e !lace  



The reaction must collide #concentration%. The reactions must ha)e the right energy.



$ther Factors That Can Change The Rate Are:    



Temperature Concentration Surface Area Catalyst.



 The E*ect Of Concentration On Rate Rate Change in Concentration( A)erage Rate of Reaction



∆ K







= Change in time(
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Figure 1.10 Graph $# Concentration  A ainst (i"e (i"e



>.>;      4



>.>-6/ >.>>.>6;M



>.>6



>.>



>



>>



>



6>>



Time s



∆ KH



A)erage Rate = ∆ t



>.>-6/ 9 >.>6;M = 6>> 9 >> =



5.5 + >4 mol dm 4- s4



Order Of A Reaction+ This is the po'er 'hich the concentration of a species is raised in the rate expression #La'% for a reaction: For the hypothetical reaction: Ax



,



3y



,



C8



!roducts
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7t is found experimentally that the reaction rate can be expressed: Reaction Rate



=



1 KHa



KI b KNc



This is *no'n as the rate e"uation or the reaction( * being the rate constant. The order of the reaction 'ith: Respect to H = a Respect to I = b Respect to N = c( the o)erall order is the sum of the po'ers of the concentration in terms in the rate e"uation( i.e. a , b , c. xperiment sho' that the rates of most reaction can be related to the concentration of indi)idual reactants by an e"uation of the form: Rate



=



* KHn



OnP ta*es the )alue >( ( 6( QQ and gi)es the order of the reaction. ( the rate is Nero order 'ith respect to H. 


  e    t   a    R   n   o    i    t   c   a   e    R



6nd $rder  st $rder 



Nero $rder 



Concentration $f H Example



A solution H( of concentration >.6> mol dm 4- undergoes a first order reaction at an initial rate of -.> + >4; mol dm4-s4. Find the rate constant Solution



7nitial Rate = 1 KH 
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1



=



7nitial Rate KH



=



-.> -. > x > 4; mol mo l dm 4- s4 >.6> mol dm4-



=



. + >4- s4



1=



. + >4- s4 #time4%



Example



A second order reaction ta*es place bet'een x and y( 'hich are both initially present at concentration >.6> mol dn 4-. 7f the initial rate is ./ + > 4;mol dm4- s4( 'hat is the rate constant Solution



7nitial Rate = 1 KH KI *



=



*



7nitial Rate KH KI



=



4llllllllll ./ . / + > 4; mol mo l dm d m4- s4llllllllll >.6> mol dm4- + >.6> mol dm 4-



=



;.> + >4- dm- mol4 s4.



=



;.> + >4- dm4- mol4 s4.



OR,ER OF REACTION FRO- INITIA" RATE 7n a reaction: n



A



,



3



!roducts



m



The rate of reaction = * KA n K3m 


=



* KAn for run one



#@o% 6



=



* KAn6 for run t'o



The rations: n



#@o% 



KA 



Similarly



= #@o% 6



KA6 m
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#@o% 



K3 =



#@o% 6



K36



Example Exp’t Number u"



'o"ce"tratio" -A. (mol dm/ 3)



'o"ce"tratio" -0. (mol dm/3)



!"itial ate (mol dm/ 3 )



 6 ; 



>.> >.> >.> .>> 6.>>



.> 6.> -.> -.> -.>



6 .> 0 .> 0.> -/.> 56.>



Example



To find the order of reaction 'ith respect to A: Solution



Compare runs ; and  in 'hich 3 is constant. ... Rate



KAn



=






#@o% 6



KA6 =



#@o% 



KA n



56



6.> =



-/



.>



#6%



=



#6% n



n



=



 #First $rder%



Example



To find the order of the reaction 'ith respect to 3: Solution



Compare runs  and 6 in 'hich KA is constant. Rate



=



K3  m
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m



#@o% 6



K36 =



#@o% 



K3



0. >



6.>



m



= 6. >



.>



;



=



#6%m



#6%6



=



#6%m



m



=



6 #Second $rder%



Example



The rate e"uation for the reaction is: Rate



=



* KA K36



$rder



=



 , 6 = - #Third%



Calculate the rate constant. Any one run can be ta*en( sa y( run -. 0



=



*



+



>.>



+



*



=



0



=



>. +



=



;.> dm/ mol46 s4



#-.>% 6



M.>



Example



3romine is formed by the reaction bet'een bromate #@% ions and bromide ions and acid. 3r$-4 #a"%  ,



3r  9  #a"%



,



/&, #a"%



-3r 6 #a"%



, -&6$ #l%



The results of some experiments on the r eaction are sho'n belo': Exp’t



 6 ;



'o"ce"tratio" (mol dm/3)



!"itial ate  mol 0rO/3 (dm/3 s/1)



3r$-4



3r  9 



&4



>.> >.> >.6> >.6>



>.> >.-> >.> >.>



>.> >.> >.> >.6>
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Rate = * K3r$-4a K3r  9  b K&4c To find a( b and c to obtain rate la'. To find the order of 3r$ -4: Compare run  and - K3r  9  and K&4 *ept constant Rate



=



* K3r$-4a 6.; + >4-



>.6> =



.6 + >4-



>.> #6%a



=



#6%



a



=



 #First $rder%



To find the order of 3r  9 : Compare run  and 6. K3r$ -4 and K&4 *ept constant. Rate >.->



=  b



* K3r  9   b -./ + >4-



= .6 + >4-



>.> (-% b



=



#-%



 b



=



 #First $rder%



To find the order of & 4 Compare run - and ;. K3r$ - and K3r  9  *ept constant. Rate >.6>



=



* K&4c



c



M./ + > 4= 6.; + >4-



.> #6%c



=



;



#6%c



=



#6%6



c



=



6 #Second $rder%



... Rate La'



=



* K3r$-4 K3r  9  K&4 6



$)erall order



= =



,,6=; ;th $rder 
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Rate constant. Ta*e Ta*e any run( say run : Rate



=



.6 + >4-



* K3r$-4 K3r 4 K&46 * #>.% #>.% #>.%6



=



.6 + > 4*



=  + >4;



Rate constant = 6 mol 4- dmM s4



af "ife All first order reactions ha)e constant half 9 life.      4



  m First Order /raph    d    l   o   m    ?    L    K



>.>>



t =



t6



=



Figure 1.12  -irst $rder $rder Graph  9 Concentration  Against (i"e (i"e



t-



>.6>



>.6 >./6 t



t6



t-



Time #s%



The time ta*en for the concentration to hal)e is constant. 7t ta*es the same time for the concentration to fall from >.> mol dm 4- to >.6 mol dm 4- as it ta*es it to fall from >.6 mol dm 4to >.6 mol dm 4-. This time is *no'n as the half 9 life.
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Second Order /raph      4



  m    d    l   o   m    L    K t



t







t6



t6



t-







Figure 1.13 Second $rder Graph 9 Concentration  Against (i"e (i"e



t-



Time #s%



The cur)e for 6 nd order dips steeper and 'ill ha)e half 9 life 'hich gets successi)ely larger.



0ero Order /raph Figure 1.14  ?ero $rder $rder Graph Graph  9 Concentration  Against (i"e (i"e



K



Time #s%



Nero order 'ith respect to concentration means the rate is unaffected by change in concentration.
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Rate ,eterminin# Step 


Figure 1.15  Rate !eter"ining !eter"ining Step
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,



3r 4
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C&-



,



3r 4



3r 



,



Slo'



C&-



C&-



C



3r



$&4



,



C&-



C&-



C



C&-



Rate = * KR3r



R = Al*yl roup



echanism #%



C&-



C&-



C&-



 C



C&-



C&-



 C #,%



C&-



C&-



,



$&4



C&-



 ,



C



$&



C&-



Fast



The rate of the reaction is determined by the slo' brea*ing of the C 9 3r bond to form the carbocation once formed the carbocation reacts rapidly to form the product. The slo' step does not in)ol)e $& 4 and its rate does not depend on K$& 4. echanism #6%
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Reaction bet'een propanone and iodine: C&-C$C&- #a"%



,



76 #a"%



C&-C$C&67 #a"%



,



&7 #a"%



xperimental )idence is that: Rate = * KC& -C$C&- #a"% Step $ne #%



$&



C&-



C



$



C&6



C&-



nol Form



C 1eto Form Slo'



$&



C&-



C



C&-



$



C&6



,



76



C&-



C



C&67



,



&7



Fast



The first is that the 1eto form of propanone changing into nol form #tautomers% 'hich are in e"uilibrium. $nce made( the nol form reacts rapidly 'ith iodine. Adding Adding more iodine has no effect on the rate because it cannot increases the rate at 'hich the nol is formed. &o'e)er( if the concentration of propanone is increased( the more nol is formed and more products made. This is 'hy the rate depends in the concentration of propanone.



ot$mann ,istri2ution Cure The effect of a rise in temperature on a reaction rate is more complicated than simply increasing the a)erage *inetic energy of the molecules. As the temperature changes the energy of the molecules has a spread of )alues. This 'as in)estigated by C. ax'ell and L. 3olt8mann. They  plotted the fraction of of the total number of molecules molecules 'hich ha)e energy OxP against the )alue )alue of molecular energy OxP. As the temperature rises( the slope of the ax'ell 9 3olt8mann distribution cur)e changes( but the area beneath the cur)e doesnPt change and is proportional to the number of  molecules in)ol)ed.
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Figure 1.16   -ractions o#  @olecules with with  Energy  
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Figure 1.17   :o o# "olecules "olecules with Energy E 



3olt8mann istribution
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From the graph( fe' molecules reach the highest energy le)els. The distribution is said to be the most probably one. 7n symbols( the distribution says that if there are B A molecules 'ith nergy A( then the number of molecules( B 3 'ith energy(  3 is gi)en by:  B3



=



BA exp #4 ∆ ? *T%



*



=



3olt8mann Constant .-0 + > 46- 21 4
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