210

—_

Q.10 For the reaction: Cas0,,, —sCalr, +505.
Calculate AN®,05" and AG" at 25" Cuiing the following data; and discuss Its spontaneity,
Enthalpy of Formation:
~507.5k)
nHihth =-14327 4, AHC . ® —5.43.0kJ, AH" A

[Standard entropy: 5{.uu.g|}] = 106.71/K, S:n,,,” =-5521f I,S:Id. e s+1T.20/K
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Glwen Data:
Enthalpies of Formation (AH,];
s A (CaS0u,) = -1432 7 kifmal
s AH; (Ca% ) = =543.0 k)fmal
e AHSON ) = ~907.5 kifmal
Reaction:
CaS00u, —» Ca"w + 504" su
Step 1: Calculate AH* (Enthalpy Change)
Uslrg Hess's Law:
BH v ®  F8H{[products) - TaH; reactants)
B rue = [BH] [Ca] # 80 [SO47)] = (M5 (Ca504)]
A e = [(=543.0) + (-907.5)] - |-14327)
O g & =1450.5 4 1432 7 = =17 B i/mol
[Megative sign indicates the reaction b exothermic )
Step 1: Calculate A45° (Entropy Change)
Uslng standard entroples:
- isl-unl-nll" is.l-unrl-l
A5 e = [5"{Ca™])+ 5 (504" ]) - |5° (CaS0M)
“wamsee ® [[-55.2) # (17.2)] - [106.7]
e = =1B.0-1067 = -144.7
[Negative sign means the rystem becomes more ordered.)
Step 3: Calculate AG® (Gibba Free Energy Change]
Uiing the Gibbs-Helmholtz equation:
AG* = AM"-TaS
Convert units for canslstency:
AH® = =178 kfmol==17800 J/mol
Substitute values at T = 288 K
AG* = =17.800 - (198=-144.7)
AGe = =17.800 + 43,1206 = +25 3206 J/mol
AG* = +2532 W mol
[Positive sign means the reaction s non-spontaneous at 15°C)
+ AH" ==17.8 W/mol ([sothermac, lavorable)
o A5 = =144.7 )/K-mal |Decrease in entropy, unfavorable)
& AG" = +25 32 k/mol [Positive, non-ipantaneous at 25°C)

o
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ADDITIONAL SLOs BASED MCQs

which of the following substances have tero value for their standard enthalpy of formation?

A O & HO € InD 0. None of these
Calorie s equivalent to:
A 4 18) B. 4.18k C. 0418) D. D.AlEk

Erhalpy of neutralization of all the strong acids and strong basis has the same value due to:
A The formation of salt and water B The formatiaon of salt

€ The compleie inization of acids and bases D, The combination of H and OH™ wns 1o form water

Total heat content of a wystem s called:
A Enthalpy

B. Internal energy C Heat D, State funclion
Heat of a substance I3 slways negathve: "
A Formaticn 0. Combuttion C. Decomposition D. Salutian
A balloon filled with oxygen Is placed In a freezer, Identify system:
A. Balloan B. Cueygen C. Freezer D. All of these
A bomb calorimeter s used in calorimetry:
A Constant volume B. Condtant pressure C Botha and b D. Constant temperature

Born Haber cycle b3 used to determine lattice energles of:

A Maolecular solids B. lonic wolids C. Covalent salids D, Metallic solids
Enthalpy of eormbustion for € 15 =3935 k) mal

G * Oy ——+ COnyy

AN s = =393.5 kImot

Enthalpy of formation of CO; would be:

A +39154) B =3935k

€ Zero D. Cannot be predicted farm the gven equation
Which of the followlng is not a state function of a system:

A Thermal enefgy at canttant pressure B. Enthalpy

C Internal encrgy D. Wark done

For weiting a thermochemical equation for enthalpy of combustion of an element requires:
A 1 male of element as reactant 8. 1 male of oxide of element as product
C. Standard states of 41l the substances 0. Balanced equation of 1 mote of element £

Far the reaction NaCl—==sNa] <Cl_ the change In enthalpy Is called: L
B Heat of formation C Heat of combustion  D. Heat of solution

Which one of the following equations correctly defines the enthalpy change of formation of carén
monailde?

1
A =0
Gy

A Heal ol reacton

—+L0,, 8. C, +0,—sCO,

€, +C0,, —2C0, o. t_,+%um—-c::‘r_,
AH will be given a negative sign In:

A, Expthermic reactions

C Decompaositign reactans

Hexs's law may be represented mathematicalty as:
ALAH=O BEAG=0

B. Dissociation reactons
0. Endothermic reactions

C TAH=0 D.IAH<O
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Answer Key with Explanations &=

The standard enthalpy of formation of an element in mobecular form I era Orone {gll
L c mibeculur form of oxgged wa ity standard enthalpy of lotmatlon | deio s
1 Caborie = 4 184 Joules —
2 Al y-02390¢al
Enthalpy of neutralitation is merely the heat of Tormation of ane male af lguid wvrwm"h
ignic companeniy.
3 D Mo +OH, g3 H,0y ALY = <574 k) mol !
Enthalpy of neutralization for any strong aeld with a strong base Is approaimately the simg
57 4 ki mole !
Thi sum of Internal energy (£) and the product of pressure and valume (PV) is 'f-ﬂ”'."ﬁm"
of the system ™
4 A He=E+Py
&  Lathalpy is a state function,
s Enthalpy is measured In "loules,”
. p | AN combustion reactions are exothermic In nature %o enthalpy of combustion s afyg
2 negalive.
6, B | Owygen bs the system while balloon, Ireeger elc are surroundings. oy
Constant volume calorimetry Is used for accurate determination of the enthalpy of combustion g |
7. A | food, fuel and other compounds. A bomb calorimeter is used for this purpose. Chemical reaction iy
a bamb calorimeter Lakes place under constant volume conditions
B. B | Born Haber cycle is used 1o calculate lattice energy of binary lonic compounds like M*% ]
" > The piven reaction Is combustion of carbon as well as lormation of €O, from its elements. g
393.5 kit miol s not anly enthalpy of combustion of carkan but alse enthalpy of formation of €0,
10, o | Work tlone depends upon path adopted to bilng about change, o it 15 not state function |
Similarty, heat, el of cell are also not state functions
For writing thermaochemical equation for enthalpy el combustion;
(I} Write | male of the element of compound and onygen as reactant.
11. D | (i) Write oxides of the given element of aades of elements present in the compound as product,
[Hil} Showe standard states of all the substances.
{Iv] Finally, balance the atarms
12 o 1 mol of lonic solid is completely dissolved In minimum amount of HiO %o energy
) change is called enthalpy of solution,
13 A | According to definition 1mol of €O bs being formed from element in their standard state.
14, A | For exothermic reaction, enthalpy of reaction is shown by negative sign.
15, € | Definition of Hese's law, surmmation of enthalpies of cyclic process must be equal 1o tern

Q.1 Deline electron alfinity. Give example.
Ans. Electron Affinity (A, )

The first electron affinity Is the enthalpy change Involved when 1 mole of electrons ls added to
male ol gaseous atoms to lorm 1 mele of gaseous uni-negative lons under standard eonditions,
Example:

Electran alfinity of chlorine atom,
Gl AH ==348.8 kJ mol’
Since, energy s released, so first electron affinity carries negative sign,

ADDITIONAL SHORT ANSWER QUESTIONS

+ o —=C

l;HﬂLﬁH & CHEMISTRY [12™) N

‘u' 7 Whatls calorle contem?
- ani. Calotke content: The talarie contont of food is o measure of e rlwmr “released when the food it

pompletely consumed in the body,
o This enerigy |5 typleally ssprossed in units of kilocalonies (k cal) or joutes (),

a3 What ls meant bry lattlco energy? Give example,

s, Lattice Energy (Al

“The lottice energy of an lonkc erystal is the emthalpy change Involved when one maole of the lonic
compaund i fermed from gaseous lons under standard conditions ~
Example:

Najy + Cf, —sNaCl, AH « ~74Tkimol *

4 What do you know about entropy?
mn:mw Is & measure of the number of ways energy can be distributed within a system at a specific
femperalure. (o)
Eritropy can also be thought of as a measure of the randomness or disorder of a system
o When the energy bs distributed In more ways, a system bs more stable
« The higher the randomness or disorder, the greater the entropy of the system.

0.5 The sign of change In free energy (4G) of a process can be used to predict the spontaneity of that
process, How?

ans. The slgn of change In free energy (4G) of a process can be used to predict the spontaneity of that
process, when,

(i) 11 &G < 0 [~ve), the given process may occur spontaneausly

{ii) WAG >0 [+ve], the Indicated process cannat occur spantancously; instead, the reverse of it may occur

(i) ¥ AG = O, neither the indicated process nor reverse of I can occur spontancously. The system is In
a state of eouilibrium

a6 Define: {I) Standard Enthalpy of reaction with one example.
(i) Enthalpy of a system with an example.

“ans. [} Standard Enthalpy of a Reaction;
*The enthalpy change which occurs when the centaln number of meles of reactants react logether
gompletely to phve the products under standard conditions Le. 25°C (298K) and one atmosphere pressune 15

called standard enthalpy of reaction.” It ks reprosented by AH®. All the reactants and products must be In
thelr standard physical states.

s 1% unit is k) mole ",

4 Exotharmic Reactlon a  Endothermic Reaction

T Foactanty H, T Producis H,
"m of enihalpy in be wnthalay
AH In megalive w1l in pankiive

I:T;::'I:-:-“ (LA v IT::;::;I e H,H:H.- e
“Producis “' Reattaniy
Enthalpy changes In thermachomical roactions
Example:
Hﬂu +1.,||l2 nir" * H;‘D]ﬂ AH*==-7R58 k) mnl 1

=285 8kl mal™ is standard enthalpy of reaction
(i} Enthalpy ol the system:
“The sum of Internal energy (E) and the product of pressure and volume (V) Is called enthalpy of the systerm.”
Formula: H=E+ PV
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Q.7 Define enthalpy of formation [AH}). Glve two example. — \when these solutions are mixed together during the process of neutralization, the only change that

Ans. Enthalpy of Farmation [AH}):
“The amount of heat evolved or absorbed when ane mole of compaund s formed from its elementy Uiy
standard conditions of temperature and pressure is called standard enthalpy of farmation (AH[) of a COMPong »
+ All the substances Invohved are in their standard physical states,

» The reaction is carried at standard conditions Le. at 250C (298K) and one atmaspheric pressure,

actually occurs 15 the formation of water malecules leaving the sodium ions and the chloride lons as free
jons in solution. Thus, enthalpy of neutralization is merely the heat of formation of one mole of hiquid
water [rom its ionic components,

Hiogy +C 8 g # N, + OHL, —2Nay, + €O, +H0,,

1 Hoqy + OHL, ==2H,0,,, AM; =-57.4 ki mol™
Examples: (i} Mgy + 3 Osjg —— Mgy AH, =632 K mol™ Enthalpy of neutralization for any strong acid with a strong base is approximately the same.
() C*Ouy——>COng  AH}=-393.7 K mol* =574 M ol

gnthalpy of Atomlzation:
“The amount of heat absorbed when one mole of gaseous atoms is formed from the element under
standard conditions Is called standard enthalpy of atomization of that element [AH],)."
o lts unit s k) mal™,
Example: The standard enthalpy of atomization of hydrogen s
YiHsg— Hyy AH}, = 218 k) mol™
A wide range of experimental techniques are available for determining enthalples of atomization of
elemaents,
‘0.11 Define Hess's law of constant heat summation.
“Ans, Hess's Law:
“if a chemical change takes place by several different routes, the overall energy change is the same, regardless

of the roule by which the chemical change occurs, provided the initial and final conditions are the same.”
Mathematical Form: EAH[cycle) =0

Q.8 State with one example enthalpy of combustion. >

Ans. Enthalpy of Combustion: ——
“The amount of heat evolved when one mole of a substance Is completely burnt In excess of oxygen Undey
* standard conditions is called standard enthalpy of combustion of a substance [AH]).*
® It unit s kJ mal ™,
Example:
Standard enthalpy of ethanal is ~1368 k! mol™,
CaHsOHyy + 305 —— 200, + IH, 0y
Enthalpy of Solution:
?‘111! amaunt of heat absorbed or evolved when one mole of a substance Is dissolved in 50 much solven,
*#hat further dilution results in no detectable heat change is called standard enthalpy of solution (A HL, )"
-% Its unit is kJ mol™.

AH] =-1368 ki mol™

Examples:[i} Enthalpy of a solution of NH.CL = #16.2 ki mal™, Examples:
{ii} Enthalpy of solution of Na,C0, = -25.0 k) mal™, () Formation of Na; COy:
— — Single Step Process:
Q.9 Refine enthalpy of neutralization. Why Is enthalpy of neutralization of strong acld and strong base is
-“plways =57.5 k) mol1? 2NA0H g + COygy —— NB3C04aqy + HaOyy AH = =89.08 k)
Ang. Bnthalpy of Neutrallzation: Two Steps Process:
Enthalpy of neutralization 15 the amount of heat evolved when one mole of hydrogen ions H* from an acig, NaOH;uq + COugy ——— NaHCO)juy AHg=—48.06 ki
SACT Wiy Hns cws OF hidreae ﬂ:"_mns lrﬂmg bﬂ:;ﬂfﬂ;‘;ﬂ: "‘ﬂ: o wister, NaHCOsiua) + NaOHjugy ——— Na:COsay + HiOiy AH: = 41,02 )
: HI-n] +OHy —H,0, AH=- 2 e : ) According 1o Hess's law  AH = AH; + AH;
‘:i[:';:p"::;;f kit i e e . e Putting the values of AH, AH, and AH; in the equation.
50 a net result of neutralization (s just the formation of water from its ionic components. ~83.08 =-48.06-41.02
For all strong acids and bases with equimolar concentrations of ions, the value of heat of neutralization is -89.08=-89.08
same ie, =57.4 kJ mol or 13.2 Kcal mol, {ij Enthalpy of Formation of CO:
ﬂ,lﬂ*ﬂiﬂfm the terms standard enthalpy of neutralization and standard enthalpy of atomlzation. Boghe: Seap f
Ang-dnthalpy of Neutralization: Cigrupeney + Oz —— Clyyy AHyrprae =-393.7 i mol™ w
*The amount of heat evolved when ane mole of hydrogen lons (H*) from an acid, react with one mole of Tweo Steps Process:
‘Wydroxide ions (OH) from a base to form one mole of water under standard conditions is called standard Cigraginay * YD1y —— COy AH{CO) =7
gnthalpy of neutralization (AH])." COng + ¥0yygy ——— COuy AH{CO;) = —283 k) ol
ple: According to Hess's law
strong acid HCL and a strong base NaOH ionize completely in dilute soluthons as follows: AH = A&H; + AH;
HC{  =—2H,,, + CF}, AHy = AH; - AH
! Hua ; sad B SO .
NaOH,,, ==Na,, + OH . 110K mott

50, the enthalpy change for the formation of COjy = =110.0 K mal™?
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Q.12 Differentiate between Atomization energy and Lattice energy.

Ans. Atomization Energy: ST

The energy required to comvert a substance in alomic state is called atomization energy. It is """*n
endothermic in nature

1
3 Mo —H,, AW, = 218 ki mal™

Lattice Energy:

“Enthalpy of formation of one mole of crystaliine ionic compound from gasecus ions under stangg,,
conditions is called laltice energy.”

Nal, +Cr —»NaC/ AH,, =787 ki mal

L 1]

OR
“Energy required to break one mole of crystalline jonic compound into its gaseous ions at standz..
conditions is called lattice energy.”

NaCi,,, _"".rﬂ +CL, AH=+T787 ki mol™

T —

Q.13 Define heat capacity of a body. Give Its mathe matical expressions.

Ans. Heat Capacity: “The product of mass and specific heat of water is called heat capacity of the whe,
system " It is represented by ‘c.

c=mxs

0009
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Total Mark: 30
ﬁd_rdl! the correct option. (1x6=86)

H-__w;th of the loliowing reactions Is exothermic?

i)
[ A Photosynthesis 8. Electrobysis of water  C Combustion of methane D. Melting of ice

(i) The enthalpy change for a reaction depends on:
& Pathway taken from reactants 1o products
g. Presence of a catalyst
C Imitial and final states of the reactants and products
0. Rate of the reaction
() Which statement about bond energy is true?
A. All bond energies are exact B. Bond energy is always negatve
€ Seme bond energies are average values D. Bond energy equals entropy changs
() Which of the following processes would typically result in an increase in entropy of the system?
A Freezing of water
B. Condensatian of steam
€. Dissolving a solid in a liquid
. Formation of 2 crystal frem a saturated solution
(o) Fora reaction to occur spontaneausly,
& |4H = TAS) must be negative B. [A4H + TAS) must be negative.
C. &H must be negative. [. AS must be negative
[vi} Theterm “standard conditions” means:
A 273K and 1 atm B. 100°C and 1 mal C.298 K and 1 atm 0. 298 K and 760 mmHg
0.2 Write short answers of the following questions. {2 x8=16)
1 Define Standard enthalpy of atomization,
fi} Explainwhy energy is released when new bonds are formed,
fii) How does ionic radius affect the enthalpy change of hydration?
[} Write down the formula for calculating heat using mass, specific heat capacity, and temperature change,
(v Differentiate clearly between entropy |5) and Gibbs free energy (G
(W) What factors influence the magnitude of the lattice enthalpy?

[vii} The enthalpy of solution can be either positive or negative. Explain what a positive AH.. and a
negative AH,q indicate about the energy changes during the dissolution process.
[wilf) How the calorie value of food is related to enthalpy change?

0.3 Extensive Questions. [2xa=8)
[a) State and explain Hess's law, Give its two applications.
(4} When 0,400 g NaOH is dissolved in 100.0 g of water, the temperature rises from 25.00 to 26.03°C.

Calculate (i) Guser, () &H for the solution process

oo
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E (178 REACTION KINETICS

Student Learning Outcomes -

Aer studying this chapter, students will be able to:

+ Explain the rate of reaction, and rate constant. (Understanding)

« Use experimental data to calculate the rate of a chemical reaction. (Application)

s Use the Boltzmann distribution curve to explain the effect of temperature on the rate of a reaction.
{Understanding)

« Describe the effect of temperature change on the rale constant and rate of reaction. (Understanding)

» Explain the concept of activation energy and its role in chemical reactions. [Understanding)

« Explain the concept of catalyst and how they increase the rate of a reaction by lowering the activation

ensrgy. (Understanding)

Interpret reaction pathway diagrams, including in the presence and absence of catalysts. [Application)

Use rate equations, including orders of reaction and rate constant. (Application)

Calewlate the numencal value of a rate constant using the initial rates and half-life method. (Application)

Suggest a reaction mechanism that is consistent with a given rate equation and rate delermining step.
[Understanding)

+ Explain the relationship belween Gibbs free energy change, AG® and the feasibility of a reaction
[Understanding)

K

-

11 is a comman observation that rates of ditferent chemical reactions differ greatly for example, the reactlon of
watl with AgNO, 15 very fast. The hydrolysis of ester proceeds at a moderate rate. Whereas, rusting of iron is a
slpw process.
¥ FReaction Kinetics:
“The branch of chemistry which deals with rates of chemical reactions, factors that alfect the rate: of
chemical reactions and the mechanisms of reactions Is called reaction kineties."
¥ Chemical Reaction:

“The breaking of pre-existing bonds and the formation of new bonds s called chemical change or
chemical reaction,”

Typas of Chamical Reactions
Very Fast Vary Slow Modarate
Ruactions. Reactions Reaclions
« Nautrallzation » Rusting of bon = Entanfication
Reaction kinetics is the study of the rates of chemical reactions.

W

Domain of Reaction Kinetles:

It includes a variety of experimental methods for measuring reaction rates, orders and mechanisms of
reactions,
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An explosion is a swift reaction that happens within a fraction of a second, the
rusting of fron Is a slow process that may take days or months. The rates of
reactions occurring during the explosion are encrmeus.
The rates of reactions and their control are often important in industry. They might be the decidicg T
that determine whether 3 certain chemical reaction may be used economically or not. Mary fee..

influsnce the rate of a chemical reaction. It is important to discover the conditions under whes oy
reaction will proceed most economically,

COLLISION THEORY

Collision theory explains how reachons coour,

Main Postulates of Collision Theory

(i} According to this theory, for a chemical reactan to take place,
the particles atoms, ions or molecules of reactants must form a
homogenedus moture and colide with one another. Thess
collisions may be sffective or ineffectee depending upon the
energy of the colliding particles. When thess calislans are
effective, they give rise to the products, otherwise the colding
particles just bounce back.

(fl) The effecirre collisions can take place only when the coliging parlicies POSiESs CEMMAIN amous o
energy and they approach each other with the proper grisntation

Activation Energy: The minimum amount of ensrgy, required for an effective collicion betwsss oy

reacting species, is cafled actration energy. Mot of the resctions ars siow, showing that all the colizes

are not equally effective

Y b
| activated eomplox 4

@ Raock Your Mind'
1 What comeimions mont be et b,

olinon to be efeche sy
1o colligion thaoery !

oLES':'_'—_..‘ T > x

e [ )

il Ercarrme Pag-es
Figure: A graph between path of reaction and the potental energpy of the reaction

1t ix important to note that the process can be understood with the help of a graph between the g

reaction and the potential ensrgy of the reasting molesules f the colfizsn is effective, thes [he moisais

flying apart 2re chemically diffsrent otherwize the sams mosecuies just bounce badk The reacTants e

the peak of the curve to form the activated complec Only, the colding molscules with proper actagtor

energy. will be able to climb up the hill and give the products,

=
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HE quick cHECK 7 I
yirat role doet the activation enarpy plary in cramacal resctiomg? !
pale of Activation Enerpy in Chemical Reactions |
Actrration energy [E.) it the minimum erergy reguired for seprtent moiesieg 14 Gm0egn & successiid ¢
eofieian ard Torm producte. it plinyt thees ke roies !
1. Determine: Reaction Fesisilimy |

& Only moisOuser with enesgy & £, tan operiome the seaepy barrar g reart -

o Examphe: Cornbuztion of paper reguires tept [E,) 10 start, swen thoagh ' 5 susther e !

2. Controlz Reaction Rate I
o HgherE, — Fewer roiscuies baee ercagh erarpy —» S regctinn .

o iraef By - Wore molscyiss can reast — Fastir repttics !

3. Espiar: Termgsrature Deperdence |
*  lnoregivy lempErELns Ras the fgoee of ediecyiss wnh o2 E, [per the Boitpmaes |
EEtributicon), Ipeeding up reRrtnes !

s Catabys lowerf, to aorsisrste repctioes le g asrymat = Singy) |

¢ Explosions ctrur when £, i very low [racid resgse of smaryy, .
Equation [Arrhenivs): !
(22 |

Where: :
» k= Fate conciaes !
» A= Frequency Tecior [calisesaremigten| 1
s PR=0ascorsrart -
e T=Temgariturse !
In shorts AZtraption enargy o the “gaiswseser of chemura! reactons !
How does the activation ersrpy a¥fect the rpte of reaction? i
Effect of Acthmtion Enerpy on Begction Pate )
Activation energy [E,) girnctly cortrois bow Bst 3 ssicnss procsacs by detesmmising the Srpcticn of I
mierules with ENOGER STESEY I PERDL sl Pabar 'E
1. Erergy Barries ¥
= Dy moleguind with kinete searpy r E, fan puesrtens the Sarrer g Torm produs. |

2- 3 . L
*  AD 3 ghien temperpture, FRaer Tolesyles Bags sraesy @ .E.I'E.iiﬁﬂl-'#ﬁ'ﬁ!‘-""m !

v LowerrgE, leg, wth 3 k) noeass the facion of “sucasst o — S macen. |

3. Arrhenius Equation: i
Bate of g e '

»  Higher E,—» Siponential decres @ rite !

*  Lower E, — Supomse=al trsace = rgta i
Exarmngle: "
«  Combustion (low EJ: Faz #t room tmperste !

*  Diamond —» Graphite [high E,): Ertre=wiy Sow [taies bilons of yeart) i

. —— i — — i — — ———— T — O — - — — i — i — i — i —
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_—-‘h‘"\- «  Atfirst, the instantaneous rate is higher than the average rate

RATE OF REACTION
« At the end of thee interval the instantaneous fate becomes lower 1han the average rate

During & chemical reaction, reactants are converted Into products. So, the concentration of m Differences Between Instantaneous Rate And Average Rate
increases with the corresponding decrease in the concentration of the reactants as they are being CONUmyy P Instantancous rate Average rate
Definition: : __"\ T The rate at any one instant during the interval i5 [ = The rate of reaction between two specific tme
“The rote of a reaction is defined as the change in the concentration af @ @ Rock Your Ming! called the instanianeous rate intervaly is called average rate
reactont or @ product divided by the time taken for the change.” Al e PR 3 = e Ax
i . Lithicied ol s o
s h - decreases rom 1.0 mol/dmi 1, - o MRS %, PRIMRING S
Rate of reaction = —TNBE in concentration of the substance mu,:,-:l‘;;mi what |y, o At first, the instantaneous rate is higher than the [ = Al the end, average rate b higher than
time taken for the change T average rate, instanlaneous rate
e A 002 molfdm® s BI04 mayg,, | -
i 008 moyens PR mole, || gample Problem 7.1
Where Ax is a very small change in the cancentration of a - B — ——-ﬁ the reaction for the formation of ammaonla In Haber process Is:
reactant of a product in a very small tirme interval At ﬁ;:::::-:" a — H’fll +3Ha{u —e;l."ﬂH“l':II
= Explanation with the Help of Graph: l L Calculate the Instantaneous rate after 1.0 min
The situation s explained graphically in Figure for . b
the reactant A which s changing irrevertibly to the L Wil Eheaverage rato of production of ammonis for the syvtam, between 1.0 and 4.0 minutes?
product 8 Comeprmutonm ol musciang H“m ;
A 4 B The instantaneous rate at 1.0 min can be caloulated as
The slope of the graph for the reactant or the AC 2.7 mol-dm™
Beoduct s steepest at the beginning. This shows a Instantaneous nale-uﬁ:—-———l ek =2.7 mol-dm™" min™
rapid decrease in the concentration of the reactant o —_— gt
Tima the concentration of ammonia is 3.5 mol dm™ after 1.0 min and 6.2 mol.dm™ after 4.0 minutes?
and consequently, a rapid Increase in the Figire: Change in the concentration of reactany; "
concentration of the product As the reaction and products with tme lor the reaction A Solution:
proceeds, the slope becomes less steep indicating —_— ac ﬂ[rJH,] -[G 2 -]_'_ijmulﬂm."_ A =2.7 moldm™

that the reaction is slowing down with Lime, ultimately both the curves become paraliel 1L means thap s,

rate of a reaction is changing every moment. This is the stage of completion ol reaction &1 - (4.0-1.0); At =3.0 min

#  Units of Reaction Rate: i AC A[NH | 2.7 moldm* e
The rate of reaction has the units of concentration divided by time, Usualty, the concentration is exgrey. Rate of formation of NH, ==== T 50 mol dm "min
-3 et
tn mol dm ™" and the time:in second, thus the unis "I’;ﬂ“’ reaction cte are fmol a5 The rate of production of NH, gas over the given time interval is 0.90 mol dm’ min*
mol.om byl e e s e e e m e  ————————— —— e — - —
R 1 PEACTON & —— Ld
ate of reaction o5 ~moldm s i {F| QUICK CHECK 7.2 i
F Uni 1 2
#  Units for Slow Reactions: il S 1 The reactlon of hydrogen and iodine to make hydrogen iodide at a particular temperature, H,,, + 1, =+ ZH1,; 1
For o slow reaction the units may be moldm ™ "'min™ or even maldm " h™'. For a gas phase reaction, uny | » "
of pressure are used in the place of molar concentrations i was studled at various times. At 100.0 3 after the start of the reaction, the iodine concentration had fallen !
¥  Rate of General Reaction: | from 0.010 maldm™ to 0.0080moldm™. What is the average rate of reaction during this period?
The rate of a general reaction, & — B, can be expressed in terms of rate of disappearance of the reactanta i GWH:I::MI

of the rate of appearance of the product B mathematically, where [A] and [0] are the concentrations ofd

and B, respactively
ala]  a[s]
Rate ol reaction = ——h—l han
=«  The negatoe sign with indicates a decrease in the concentration of the reactant A
* Since the concentration of product increases with time, the sign in rate cxpression imeolving i
change of concentration of product is positive
=2 In eous and Average Ra
Instantaneous Rate: The rate at any one instant during the interval is called the instantaneous rate
#* Average Rate: The average rate of reaction is defined as, "The rate of reaction between two specifc
time intervals or the rate over a time period”. The average rate and instantaneous rate are egual for
only one instant In any Lime intenval

|
i
I
HIl;l. * Ill.l b 2“1..| y

= [Initial [1;] (at t = 0 5): 0.010 mal dm** !
#  Final [I;) [at t = 100.0 5): 0 0020 mol dm"" |
»  Time Interval (at): 1000 ]
Step 1: Calculate A[l;) (Change in Concentration) |
i

|

¥

|

]

|

i

i

Step 1t Average Rate of Reaction (w.rt, Iy}
Average rate = -4A[l; ) 58
= ={=0.0020 moal dm™'/100.0 5}
=+ 0u107" mol dmty*
The average rate of resction during shis geriod ie- 1.0 10" mol o't 57

I
]
!
]
|
i o Al1)=] e (1 )ovnns = 0.0080-0.010 = ~0.0020mol dm™
]
I
L]
I
]
L]
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Chapter 7 3% Reactlon [%
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|
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—F_.-.'-_.-._.—-_--—-*--H;-'::.:‘.b
{:;u Attl-ui = 0.02 mol dm™*

Tangent points (example): |
+ (505, 0.00 mo!dm™)

s At [HI)=0.20 mol dm™: 4010~ moldm s
* At [MI] = 0.050 mol dm™: 4.0x107" moldm™ s

= AL [HI]=0.02 moldm™ 4.0=107 moldm™s "
d) What do you deduce about the rate of the reaction with time from these calculations?
Ans, From these calculations, we can deduce the follpwing about the reaction rate over time:
1. Constant Rate [Linear Concentration-Time Curve) |
If the rate is the same (2.0= 107 moldm™ 57| at all concentrations (0,02, 0.05, and 0.10 mel dry) !
this suggests: E
= lero-order kinetics with respect to Hi [rate is Independent of [HI)). i
= The reaction does nol slow down as products accumulate or reactants deplete, i
2. Practical implications |
Likety controlled by external factors: Il
]
|
]
|
i

L}

» (150,004 moldm™’) !

e 0.00 04 !
004 - 0.

Mter—lﬁsvl—uﬁ.lu:m moldm s 1I

3. Observatlons |

= Constant rate? The examples assume a linear concentration-Ume curve (constant rate), i

» Real-world cases: Rates typically decrease over timeas reactants deplete. If the euny ||

nonlinear: !

» Early stage (low [HI]): Faster rate (e.g., 6.0210°), !

= Late stage (high [HI]): Slower rate (e.g., 2.0= 107, |

4, KWey Notes !

= Units: Always in mol dr? 577, |

+ Stolchiometry: For |; consumption, divide HI rates by 2. !

= Assumptions: Actual rates depend on experimental data. I

Flnal Answers: II

[]

|

i

'.

|

i

= Example: A catalyst surface is salurated (e.g., Hy + | on platinum), where the rate depends oaly
on catalyst sites, nol concentrations,

*  Uncommaon for elementary reactions: Most reactions slow over time due 1o fewer reacian
collisions.

3. If Rates Were Different (Nonlinear Curve)

In real-world cases (nonlinear [HI] ws, time):

*  Decreasing rate over time: Indicates first/second-order kinatics (rate depends on [reactants])

*  Early stage (low [HI]): Faster rate {more reactants).

= Late stage [(high [HI]): Slower rate |reactants deplete),

The constant rate here implies a tero-order mechanism for HI formation under these conditions.

&)  Atwhich eoncentration, the rate ks highest, and lowest?

!
|
]
|
L}
|
Highest and Lowest Reaction Rates i
From the given calculations (assuming o linear concentration-time curve); i
* Rate is constant (2.0=10™ mol dm™* s} at all [H1) (0.02, 0.05, 0.10 mol dm™"). |
* Mo difference in rate—neither highest nor lowest. i
If the Curve Is Nonlinear (Typical Behavior): |
1. Highest Rate: |*

= Atlow [HI] (eg., 0.02 mal dm™) early in the reaction. i

. Helmn':s. ﬂ'l, and hl are ahundlm -) mare I‘rmm collisions. I

- —— o — . — i — - —— -

Ay (11")

ﬁﬂﬂl—l“ 2 CHEMIST
- Lowest Rate: E
»  Avhigh [HI] le g, 0.10 maol dm~ ") Bater in the reaction |
& Meactants are deplated —» fewer collisans, i
Key idea: 1
« Fornon-gero-order reactions, rate decreases aver time as reactants are consumed, '
o The eeample assumes tero-order kineties [rate = constant), which iy rare unless conditions are |
L]
|
i
|
]

controlled (e g., catalyst saturation)
final Answer:
« I zero-order: Rate is identical al all concentratians
s _Otherwise; ' Highest a1 low [H1], lowestat high [HI]_

— i — . — - —-

2 ﬂﬂlw.ﬂl.c_ﬂﬂimm
The change in concentrations of reactants or products can be determined by both physical and chemical
methods depending upon the type of reactants or products invelved.

a) chemical Method
This |5 particularly suitable for reactions In solution. In this method, we do the chemical analysis of a
reactant or & product
Example:

The acid hydrolysis of an ester (ethyl acetate) in the presence of a small amount of an acid is one of the
kest examples,

— e — e —

CH,CO0C,H, ,, +H,0;, —C+CHCO0H,, + CH.OM,,

in case of hydrolysis of an ester, the solution of ester in water and the acid acting as 2 catalyst are allowed

1o react. After same time, a sample of reaction mixture is withdrawn by a pipatte and run into about four

times its volume of ice-cold water. The dilution and chilling stop the reaction. The acid lormed is titrated

against a standard alkall, say NaOH, using phenolphthalein as an indicater,

The analysis is repeated at various time intervals after the start

of reaction. This would provide an information about the

change In concentration of acetic acid formed during the
reaction at different time intervals,
k) Physical Methods

Some of the methods used for

concentration are as follows:

I} Spectrophotometry or Colorimetry !
This method Is applicable if a reactant or a product absorbs
ultraviclet, visible or infrared radiation. The rate of reactian
can be measured by measuring the amount of radiations
absorbed. For the reaction shown in Figure, the
concentration can be measured using the colorimetry.

ii} Electrical Conductivity Method
The rate of a reaction involving lons can be studied by
electrical conductivity method. The conductivity of such
a solution depends upon the rate of change of
concentration of the reacting lons or the jons formed
during the reaction. The eanductivity will be propartianal 1o the rate of change in the concentration of
such lons.

lil} Velume Change Method
This method is useful for those reactions, which involve changes In volumes of gases as shown in
Flgure. The volume change is directly proportional
*  The extent of reaction
* Changes in concentration

the measurement of

Figure; The conceniiation change for thig
reachon can be determimed wiing colonmetry

Electrical Conductivity = Rate of change of
corcemrabion of iong
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=== === — o e e T.T.:E.F-":uft:aulvsl;
®  kg= Boltzmann constant (1,38 = 1072 }/K) Homogeneous Catalysis

0 jn this. process, the catalyst and the reactants are in the same phase and the reacting system

homogeneous throughout. The catalyst s distributed uniformly throughout the Fystem
Far ml‘l’lﬂll:

» Te=Absolute temperature (Kelvin)
b)  Explaln why a 10°C rise In temperature approximately doubles the rate of a reaction.
s Ans. The doubling of reaction rates with a 10 °C temperature riseis explained by the Arrheng,

— e —

equation and the Boltzmann distribution of molecular energles. Hers's why « The formation of 50y, ) from 50 un #0d O, in the contact process for the manufacture of suiphuric
1. Arrhenlus Equation acid, needs NOy,, 852 catalyst Both the reactants and the catalyst are gases
The rate constant (k) depends on temperature [T) and activation energy (Ed: _
k=hAe " 50,4, + 0y, — B0,

» &= Frequency factor [collision/orientation),

= R =Gascanstant,

*  Te=Temperature (Kelvin),

A10°Crise (2 g, 298 K — 308 K increases the expanentlal term, boosting k

|
L
I
1]
|
i s Esersare hydrolyzed in the presence of H,50,. Both the reactants and the catalyst are in the soluton state
I

L

|

(]

| 2. Bolzmann Energy Distributlon

(]

|

(]

|

)

|

|

|

]

|

L Jp—

CH,COOCHCH,, =H O —~»CHCOOH «CHCHOH
1t sy B e g i
il Heterogeneous Catalysis

In such systems, the catalyst and the reactants are in different phases. Mostly, the catalysis are o the solid
phase, while the reactants are in the gaseous or liqusd phase
For example:

» Owidation of ammonia 1o NO in the presence of platinum gauze helps us to manufacture HNO,
ANH, -S5O, —TEZ4ND <EHO,
+ Hydrogenation of unsaturated organic compounds are catalysed by finely divided Ni. Pd or Pt
e

Al higher T, more molecules gain enough energy (2 E.) to react

= Rule of thumb: A 10°C rise increases the fractian of high-energy molecules by =2 » (for typical ),
3. Example Caloulation

For E. = 50 kJfmal:

« Ar298 K:

='|....I‘“ P 000018 Jias 1) l-r:l’ = 16x 10"'

= AL30EK:
o TR 185 _!..1:1:1“4

— —— i —— T — i — - ——— . — T — i — i —

- — - Result: The exponentiafterm doubles, doublingtherate._ | | _ o —____ ; (5 interesting informationt (A Did You know?
S e
Q. How does the activation energy profile of an uncatalyzed reaction compare with that of the catalyzed vitamind are o/gans compounds that 4ot ai cimbas Bicchimical cataiyati, commanky ke il ERErEe
reaction? wochemical rRactiond, especially whea they functien @ [Ratuse's ENLaNAT] are guaestal Soiscoies = bemg
ik e e
= Catalyst = Coentymas: Funcrion: i3 FumiTan @ 13 et I SOTWEtam ETEY
A catalyst Is defined as a substance which alters the rate of a @ Rack Your Mind! mmmfﬂi;‘::gpmks that help snzyres calalyre '—E:-:um;i::;:c;?;.:meﬁ 15 pemerd 1NETES
chemical reaction, but remains chemically unchanged attheendof | = 0 Tt i & For example Vitamin K, b necensary for blood clotting Lovw lesels Encyes ant hypically proters.
the reaction. chemical reaction ks to: of vitamm & cin cause blesding Sathen. A bk of yitasing c3n Faacel ek @ DH, teeceetes, el e
= A catalyst is often present in a very small amount. A) Increates activalion enengy durupt memabols talknce in cels and orpirams Ve comcertraien of wabutraie molecuies @ flgrcr
» Example: The reaction between H, and O, to form water is :ir::::;ﬁ’;:;:::"’“ GRICHOCE 19 AP SmERpte 48/ s ton Hechncy £ actety
= —_— - - ——— - a2 2 o o BN E L
very slow al ardinary lemperalure, bul proceeds more rapidly in D) Rasies temparature | !'i QUICK CHECK 7.5
the presence of platinum. Platinum acts as a catalyst Similarly, e

|
;l,'p Can a catalyst be consumed in a chemical reaction? Why or why nat? :
L]

KC:'D. decomposes much more rapidly in the & ~Ans. No, 3 catalystis nat co i teiilion
presence of a small amount of MnO,HCI IS | gregy — | 1. Regeneration: Catalysts participate in intermadiate steps but are reformad unchanged at the eng |
oxidized to Cf, in the presence of CuCf,, [ m"":“‘ Energy ' generally. !
M, +0, —2+2H0 Fm | *  Bample: in the decompasition of H:0p. MnO; speads up the reaction but remains intact. !
.,'ﬂ R T ﬁw i 2. Role: Lowers actwalion energy (E) by providing an afternative pathway I
2Llo, 2KCE+30, Rosctuets 4 ) 1 b)  Esplain whether the reaction below is an example of helerogensous or homogensous catalysis: i
4HC/ +0, —is IH,0+ 21, | B0y + Oy nded 250y, :
“The process, which takes place in the presence of a Froducty ' .
catalysy, Is called catalysis,” ': Ans. The reaction 2503, = Oy, —— 2503, is typcally an sxample of haterogensous calalyss. !
*  Functions of Catalyst: Pmgress of reachon I Reactants are in gaseous form and the catalysts Vanadium (V) oxide (V;0y) or platinum are in the seia form.
A catalyst provides a new reaction path with a low Figmrn; Thaanasgypair Sgmer dora 1€} Draw an energy profile diagram to show a typical uncatalysed reaction and an encyme-catalysed ,
activation energy barrier. A greater number of uncalyyred and o cotahyTed rescian | reaction. . : !
maolecules are now able 1o gel over the new energy i On your diagram show the activation energy for: _ |
] _Sustedreacrion W) . Uncotilysed mentiond o e caavoms AR Ml A s

barner and reacthion rale increases. l



IH

Chapter 730 Reaction mﬂ“

e e e W — - . . .

i
U yssta iy !
[ e
\ metlmail x dlalyi I
‘
|| e B e !
| Pyl ol l
A Baiiby I III i
\Hllllh‘l !
= - . i
....... o o i I T e e i i ] i, ————

RATE LAW, RATE CONSTANT AND ORDER OF REACTION

—
© Rate Law and Rate Conntant

Thae rate of a chemical reaction ata gheen tempenatuns may depreid @ Rock Your Mind]

o the concentiation of one of moie reattants and prooducs ——

% Rate Low! & What dosy the order of & reaniion
Iidlaste  In the sl gy
“The representation of rate of o reaction In ferms of concentration —
of the reactonts Is known os rote low,”
(O}
A rate law Is an equation thot relates the rote of a reaction to the concentrations of reactants ralved g
varfous powers according to the experlmental data,”
¥  General Reactlon:
For a general reaction betwesn A and I where o moles of A and B° moles of I react bo Torm e’ moles of ¢
and 'd* moles of [
LR R T
W can wiite the rate equallon as;
Nate < kAL [0f
Wheere x and y are the experimentally determined values that may oF may not be equal o the coeflichen
of reactants In the balanced chemical equation, as ' a *and * b * In the above muallun Thits expression
called rate equation
*  The brackets | | represent the malar concenttations,
= The propottionality constant k is called rate constant for the reaction.
i [A]= 1 moldm " and [0] -« 1 moldm *
Rate of reaction ~k=1" <17 « k
Rate Constont: It can be defined as "The specific rate constant of a chemical reaction Is the rate of
reaction when the concentrations of the reactants are unity”.
= Under the given conditions, k remalns constant, but [t changes with temperature
|EEarohas LG 3
Q. Relate the order of a reactlon to the rate law for the reaction, How de you distingulsh between 1ero
order, first order and second order reaction?
2 Roaction Ordor

The exponents ' x *or 'y ' In the above equation ghve the arder of reaction with respeet 1o the individual
reactants,

“The order of o reaction with respect to o specific reactont fs the exponent opplied te that reactant
concentration within the rate equatfon”,

11
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{aplanation

o D, Bl geac o s of oiider " o " wliboespoct i A and of opdes *
Caalth re st Do 3

Pove overpall ooaler of peai o = o oy

P ordher of o veac o definss how e feactant coneenteation influences s rate

Tor a single veactont, Uhe arder s simply the concentration’s power in the rate equation

The ehemmbcal veacthoms are clvssilio as geoo, sk, second and third order eactions,

Tve wrdher of veai thon provides valuabile infarmation abiout e mechantso of 8 reaction

it s conchal b ditterentiote Bistween e oider conceimlng a sloghe reactant and the overall reas oo onder

¥

¥

MWiead ban aeridm) Lelly Buow dale @ Bamged
welll e DAY st n @ e

gt Take eqquation for e eacton of nlirogen (1) oxide (NO) with b and osggen

M i LY vl

ol 1al il
Hate < k|u, Jinoy’

Dy

Thsls perac o s

I Destorder with respect to My

i, second order with sespect 1o NQO
1, Whied-order ovesall (14 7 = 3)

For

T e e e e I e ——

How order of reaction ls derlved l'mm the rate law?
Ant. Steps to Determine Reactlon Onder

Wirlte the FRate Law:

For o reactlon: afd bl —» Produets,

the rate law ls: late < kA 0]°

Example:

b)  Ewplaln what Is meant by the specilic rate (rate constant) of a reaction and how It Is represented in
rale eguation,
Ans, Specilic Rate (Rate Constant, k)

Errdder oo Mead e

= Uhe grder of et iom i give by the s ol 8 e espments 1o which the goneeninations
Ion b palle mapuiad iom ae saleeal

® 0t W impostant bo nole that dhe ordes of a8 weasition i oan esperimentally idetaimaneed
fppeantily and canpol Bt Imleiimil simigily Dy booksog i Tl i e lom edpalisen

w A aurs ol Lhe esjonends o the pabe equation may B may ol be e same as o8

Wealaee eal @ b arie sl edpaal i

-—

« ko rate constant
s o, b= orders with respect to A and I
Experimental Data;
Measure how the Inltlal rate changes when varylng one reactant’s concentration while keeping
olhors constant.
Overall Order:
Overall prder = a4 b
2Hgagy 4 IR0 —» Ny + M0y
the rate law Mate = Rate = k[H)[NO)
Overall third-order= 1 4 2 3

The rate constant (k) is a propartionality factor in the rate liw that guantiflies the reaction’s speed at
a4 given temperature, independent of reactant concentrations.
Representation in Rate Equation:

Rate < WA (B] ar k= — e

e — . — T — — — — - — . —— i — - — —



— R 2 LT T
i o ¢ aipectic s the reacton ard teegarature i
E Urits of Rate corstants = varicus order i
; Orer uer of K '

- L : |
; e [meigm i~ *C !
" Inrz e !
I Furzt ct i
: Seserad - i
! Thard gm* mol ¢4 |
_____ ""_'""‘-""_"'"‘—'-'—'-—-—--l----—a.—-.-——-—n-_—.p—-—-_q_--‘:
= Igpes of Reaction Order

Zers Order Reaction:

e ——

Tee rate Gf 3 1670 order reaction . ndeperdant
of e poemrestrgtgn of Tha regrigets A chargs in Rack Your Mind!
tre rneesetration bat to eftest on the tpeed £F | 6 Gowr ot s four exsmples of pern order mackion.
e FealTan —
Gararal Baartion:
Interesting Informationl
A~ Predoet $ I
Rate =il AT Fata laws for Eamaniary Heachon S
Eaamgen: Ehmmltﬂﬂig_n mu:mmn Fate Law
o - Produet = Frate = 217
i -l__;'__ «Cf, _'m‘ll raiers tar W
A b Proes Bi=rreinciiar | Fate sy ap
mate =ufm, ['[es, [ =4 AeB = Proma B - moincular | Fate =k
Bt —— N -
9 - e &= BorC o= Produc Tar= Frate = i
pate =i[hn, [ = mreecutar lafE |

H) Photooiwrearal reattGng are wiually pero order,

First Order Reaction:

In thete reactognl, thers may be muiliple reactants present, But
comepntrytion of orby ore regctant will change during the reaction

Frent srdar maing rate = ['ﬂﬂﬂﬂ

Exarnples: Decormpotiion of mirogen pentoxide inghies the folicwing
ST LRI -
- Smart Thinking
zi'i-._.ﬂu —-92.-'1.‘ L e —————
" il Unita of Rates conatants =
The erperemeniaily cetermined rate equation for this resction i =5 varlous arder
Pl e, Cirdar Linit of K
nth
Pate <k[N,0;] (n=1) G rasvieedl
Thes equaten tuggetts that the reaction & first order with respect o Zmrn el gin =
the san=antritisn of N;O: First : 5" £
Sscond Order Reaction: Sacord g mal r1
E Th dr® ot '
Cafirstion: —ialit
“4 reaction for which sum of the exponents of the concentrotions in the rote equation is 2.

(or)
“A second ordler reaction iz @ reaction whose rate depends either on the concentration of one reactast
raized o the cecond power or on the concentrations of two different reactants, each raised to the fist
ponaeer, “The simpler tjpe of reaction insoles one kind of reactant moleculs,
Rate Exuation: Fate =k[A] {n=2j

Erample: Pate =k{AF[2] LESERES /]

235
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guidatian of ritric owide with orune has Been thawn 1o be first grider with reipect 1o NO and first order
with respett o Oy The sum of the indrvidual arders gries the averall grder of reaction as two

@ Rack Your Mind!

Given Bats o W[AJ'[A] what s the
ervevall prder of resction?

Al L1

(45 | Gja

MO, +0, —NO, <0, Rt =k[NO][O,
; Third Order Reaction:

A third order feaction 5 the reaction far which sum of the
erponents of the concentrations in the rate eguaton i three
Rate Equation: Rate = k[A]' (n=1) 7
or Rate = kA (8] (n=2+1" 3
‘ot Rate = k[A]'[B'[C) (n-1+1+1=3)
Example: M"HJ M ':Fﬂﬂﬂ! 'wf-ﬁl o

This reaction irrechees esght reactant molscules but esperimentally it has been found 1o be a third esder reaction

Rate <k[FeCs |l
alzo, the Tollowing reaction is third arder

mitl-nﬂli ' !"uillj

Rate =¥NOJ' [0, ]

% Fractional Order Reaction:
A reaction in which the sum of exponents of rate equation is in fraction, Is
calted the fractional order reaction.
Example: Consider the formation of carbon 1etrachioride from
chiaroform.

EHU”-,H-C-I""“ —CCL, +HOT

pate =k[CHez, Jfcs, | n=1+1/2-15

a  PReactian:s irvobang free radicals frequently exhibit fractional
orders.

2 Units of Rate Constant

Giaghd 1ov Lidry Tests

The rate constant is specific for @ particular reaction at a certain temperature. Since concentrations are in
mal dm™® and the reaction rate is in units of maldm * 5. The units for & depend on the arder of the

reaction and the units of time.

General Equation:
Rate = kf Reactanis]’ where n = order of reaction
¢ » Pate _imoldm ')
[ Rectants]”  [moldm )" @ Rock Your Mind!
B T | . What are unita for Zera and T

or k = [moldm ™) peeieadh

ar k = (concentration)' s
This equation can be used fo determine units of any order of reaction.
For a zero order reaction [n =0},

k= iﬂlﬂl'dm-ill-ul_'
k= mof -dms"

For 3 first order reaction [n = 1), the rate is directly proponional to the concentration aof one reactant.

k = [mol.dm™)""* 57
k = [mal.dm™)*s™
k=g
Therefore, the units of k for a first order rate constant are 57



For a second order reaction (n = 2), D

E= Mdm-lf-:;-a
= mol tam’ 5t
k = dm mal g™
The units of k for 3 second order rats constent are am'mal s
For 2 third order reaction [n = 3),
k - [Ma:nvls:rls 1
= moldm' 5"
k = dm' mal 5™
Therefare, the units of k for a third order rate constam are g mel g™

—— RS R S S S S |

H QUICK CHECK 7.7
Caleutate the overall order of reactions which have the rate exzressiont

i) rate =k[NOT'[NH,J*
Ans. Rate = k[NOP[NH,]*

=  Order with respect to NO: 2 (excanent of [NO]1. iz e :h"' mq;ﬁ- -
= Order with respect to NHy: O (2aponent of [Ny ) 'Eﬂﬂ"! s3ady o

* Overall order: 1 +0 =1 [Second-grdar cveralll
rate nk{lrﬂ,]{!r‘l[ﬂ"]’
Ans. Rate = k80, |[Br][H"F
Bridy + 587 - " — 3537 = 39,0

|
|
]
I
|
L
| i)
‘
|
E Experimentally Determined Rate Law: :
l
|
|
|
|
|
|
I
|

Rate = k[BrOy J[Br ][4 '
Calculate the overall order of reactions.
Ans. The grven rate law is:

Rate = [8r0; [[ar [ |
memlmrummﬂmmnenu::—l-ln-t
Mote: Overall order rezction comes out 1o be 2 but 35 per o 5yllabus oroer of reaction never saseds ]
50, 3 is the maximum arder the reaction and i1 i5 3 for the zhove

i) mmmmmmummmmm

i
i
|
Ars. Rate= k| arn'"-nr‘ T E
. meupummu_n:ﬁ;]u I
= The exponent of |an-'[ =1 ;

i

= The exponent of {H7] = 2
, B Whvhmﬂhmﬁﬁmﬁdawmmummmmﬂ
| the order of 2 reaction? 1
y Ans. Order of a chemical reacticn is not necessarily the sum of the coeFicents of the balanced chemical
| fquation because the order of reaction i determined maperimentalily @nd not from the balanced |
i chemical aguation. '
| g 2Hy + 20— THID = My |
i For this reaction, the sum of coefficents of balanced equation i 2 + I = £ but the reaction is 3rd order. £
| ﬁtmnma'hvmﬁedmatmn‘mmnummmmull-r-wmwm!ﬂi
' cancentration of NO;. 50 the rate equation of this reschon
| Rate = [H*{NO:) !
i Rate = k[H:] [NO:F ]
. Order of reaction is sum of exponents of rate eguation. So i
I Ddcrufmmuti 2=3 i

— i — i — i — i — B L Eee el T e ————

m?llm%r #tmmﬂ

DETERMINATION OF RATE COMSTANT

—

= mow do you Snd The rumericyl vaiut of 3 TR CoATet Sy sl ard alile me T
-
=" 3tz oIt (1) oF B RaTee Gt B DAt unrg e Tilloweng mes et

= Initig! Concentration Methed
= the presence Of ydroges org mySroges persece = D

- =
WO, _ -8, _ -2 —ns, -

s W T SO O T e s el CETE

e RS SguEhor for et segeten 1

= e=2 7
“ate of rapcee =
The propRis ©F e rREcoe 3 De Bigesd by meanurng e moa See of Lemgrer of oore TR
sows T It of reactioe comaed Geeg aatLs Py compaeteytnen of s maeTet
TRa IroCeTorE I SRS B 2 e et sting e Satg o susaemaer ]
Siep 1 MTI8 Ut e r3Ie ecgtes
S3tecf macom = — i ." -
Stxz & SrerrEr TR soaton s wrms s
.
5
Grpe A SumeTte T Rl
150257 »f002
-
=
=:_7'£.-:-_',_:=:—-'-—;:,'-:-
“kﬂmdmﬂmrm-&dw
-l-rn#‘
Experirmest 1/ oo™ J mcide™ | ]/ mobda™ | :
=3, :F_l. T P
. [=Frris | =haes o | lxpin 1535
rd | a.o3en | GO ( == £ 3.0
3 ‘l_ - LI | s ! | 4ax o] ¥ T
The concermmae of Bydmgee a5 Sroess Secse [ does mon Sgoesr £ Te T soanes The
MACTCn £ TETD Srderwith seshiess i L -
S Haiflife Method O PIr—

B searugee seemeos SeISeanoe 5= 8
Srm-trmer e, f &y ozl
oy, e T TEs e b
HES-"s BT
o N _ L = LILEE

“Haifidle, L., & e tSee Dk s S concetmiee oF 2

reacsant to Gl to ko of I origital vaiue”,
Cilcuiation of Rate Consiant-

Clicueg e rate conglant i) =iy Dhe afafe eod euchees |
maztrng The Drme « hies for Te gttt oF @ margert =
Secrease by mal

¥ e macce g Srpecrter wnw—fﬂ"vc-:-#-ﬁ-“ﬂewrlmf—e
folowrrg wayv

L

=2 .
Exargie: & G oF tyoroges perTEge "t 3 tafiS of D fpury T Sesomgenes v ) BRL0eDe e
Caicugte e rate cageyer i or S eRson
To Siciate i, we Sr5t mead 1= comvet T N amu g2 fours. MBS seTmeeS
=80 =TA0s
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We then srmply substitute thiz value into the eguaton.
k 0653
-
7200
k= 96.10"s" |

Sample Problem 7.2

The first-order reacticn eyclapropane to propene, for which the half-life i3 17.0 min, Calculate the rae oty
of this reaction

Solution:

Step 1: convert minutes 1o seconds

Step 2: substitute the hall-tife into the esprestion:

G ﬂﬂ!t 0653
YL IFe60s

k= 67510 dm maol " 5

|———-—-—----—-----———---—--____._...............__..———-—-.--—.-.n-u.-—.__,_____

: B quick cHEcK 7.8 ,

|

» Consider a first-order reaction with a hn&i-lﬂa of 15 minutes. If the Initlal concentration of the rum.l

| 0.100 mol dm™?, calculate the rate constant (k] for the reaction. I
Solution: i

! s Half-iife [1y;]) = 15 minutes |
| * Initial concentration ([A):) = 0.100 mal dm™
! Formula for First-Order Half-Life:

! s = in(2)fk

I Step 1: Solve for k

L]

i

o _k=D0462 rmiin?

REACTION MECHANISM

»  Definition:

"A reoction mechanism Is o detailed, step by step description of how o ehemical reaction oeeurs of te

muoleculor level to yield the product(s).”

* Unlike the overall balanced chemical eguation, which
only shows the reactants and products, the reaction
mechanism reveals the actually happening individual
steps (cailed elementary steps) that lead to the
farmation of products

= Each of these steps regresents a single molecular event,
such as the breaking or farming of bonds.

* Many reactions do not occur in a single step, bul rather
proceed through o series of steps.

= Each step is called an elementary reaction and is directly caused by the collicion of atoms, o o
molecules
#  Molecularity:
The number of reactant molecules invelved ln an elementary step s called s molecularity.
s A urimolecular elementary reaction involves anly a single reactant moleculs,
= Example: Decomposition of N,O,

@ Rock Your Mind!

10, Wich of the fedioraring s mraort Ehely to be
the rte-determinng rtep in 8 ko
reaeciizn®
&) Tha faztest siap
B The step wrm® the awest potrmtion sy
€] The slep formang the ot
D) Tre sicwest slep

|
o kain 2}t = 0.693/15 min |
!

Hiﬂ"!ﬂ _'Huh'll Ny,
* &nelementary reaction that mvolees two stomes, ions or molecules and is calied bimolecular.

g.nnl-ll - CHEMISTRY [117) 33

For erarmipee,

€0+ M0y —2M0,, +CO,,
LT -!},"—-r'ﬂ‘..ll -ﬂ‘.,l
s A ter-miolecular reaction ttep involes the timultanecus reaction of three molecules. Such reacticns
#rE rare. Ao erample ig (he regetion batueen Grgen molscles g JTomat uygen to form ozone m
the strattiphene of during srmog formation

I'.'.'I-":.I ¥ D"l.. _'Dlu % Dd i

» Intermediates:

intermediates are shert lived species (ioms or free ragdicals) that sre produced in one flep of the

methanism and contumed in 8 subtsguent step. They g2 mot aooear o the syerall Balanced aguation

pacause thiey are not stable producty
» Rate Determining Step:

jm marry reaction mechanisms, one 1tep it sipnificarsty clower than all the others, this step is cailed the

Mmhm‘ tep.

This S0 CONTITAL T ey rpte of T Feaction Bacaan £ Irnts 10 tpaadd 3T whach The raRiSiee £30 Srocked,

o The balanced equation Yor the guerall reacrion & sousl 1o the net resyit of 30 the indradual theps = a
chemical resction, any sten that cccurs afier the rate-detsrminng step will not #ffect the rate,
provided that it iz compared with the rete-determoing sien

o The #toms, 905 of molecuias taeing pan m the machasem after the nde-deteminng steg do not
appearin the rate erpresion

o Rl rERc1aNTI INET SRpear i The rpte-determining $Tep will aso appear in the rate eguation. Becayse
the rats-determining sten Lemits the rte of the owerall maction, the crder of a reaction can e
deduced from the rate determining steg

Example 1: Conder the fofiswing ru:* T
L'i.ﬂ“‘ "E'H.'!n "EHiﬂin 'H'.'u“

Table shows the ricults of s eeperiments in the first theee experiments the concentration of W is
increased by keeping the concertration of NO constant. By doubling the concentration of H,, the rate is

doutied and By thphng the concemratan of W, the fats & trigled, 55, the rate of reaction B dirsctly
proportianal to the first power of concentraton of H,

Pate o (1]

I thie oot three experiments, the concentration of My i kept constant. By doubling the concentration of
KO, the rate nereases four times and by trizing the concentration of MO the rate is increased nine tmes
So, the rate iz proportional to the square of concertration of NO

#ate = [NOP
Tre gverall rate eguation of reaction &,
Pate w [H,]INOT
ar Pats = kM I'inO}
Table EMent of change In concerirations of reactants on the rate of reaction
(MO iev frmst e} | [ ] 0 (ol dm™) | inatial rate (ate minct)
0005 o.oa1 0015
0.005 0.002 0.050
0.005 0003 00075
0.001 0.005 00083
0.002 0.009 0.02%
0.002 0.oos 0.058

Henge, the reaction is a third order one.

& This final squation 5 the rate law for this resction

¢ Itshould be kept in mind that rate @w 2nnot be predicted from the bafanced chamical equation.
»  The poszible mechanism consisting of two steps for the resction iz 25 follows.
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a

I~
[ ]
|
i
|
1
|
L]
|
L}
|
i
|
L]
|
i Ans. The proposed mechanism is consistent with the experimentally determined rate equation
i
|
1
|
i
|
L]
|
L
|
L]
|
i
|
i
I

L

Step 1: ZNO,, +H, , ——>N,  +H.O,  [rate determining step)

Step2: HO, | +H,  —“2H0,

The step 1 Is slow and rate determining.

Example 2: The reaction between nitragen dioxide and Meorine gas:
mnﬂ-l'l

This reaction is first order in NO;, first order In Fy and second arder overall.
Rate Law: The experimental rate law Is first order in NOy and in Fy

Rate =kNO, ][R ] [Observed)
The accepled mechanism for the reaction is:

Step 1: HD“ +F, i*m: Fu!- -rliﬂ Rate =k, [NO,J[F]

Step 2: NO,, ”+F“| —*Hﬂ R

+hy =IO,

Rate =k, [NO,|[F]

»  The first step is slow and determines the rate, in agreement with the observed rale expression,
= The secand and fast step does nol affect the reaction rate because fluorine atoms react wigh NO, &
soon as they are produced.

e e T — - —

i ﬂ' QUICK CHECK 7.9

An acidified solution of hydrogen peroxlde reacts with lodide lons.

Hy0(aq) + PH(q) + 20 —2H,0( +hyiey)

The rate equation for this reaction = [H:0:[1"]

The mechanism below has been proposed for this reaction.

H0, +Im —=2 4 H,0+10"

H™ +10" —2 4 Hig

HID+H® +1 =2 |, +H,0

Explanation of this mechanism's consistency with the rate equation.

rate = k[H.0:)(1"] bacause:
Rate-Determining Step (RDS):
= The slow step nvolves only Hy0; and I°;
HO, + M —2=H,0+10"
Since the RDS determines the rate law, it directly gives:

Rate =k, [H,0,](r"]
Fast Steps:
The subsequent fast steps involve H° and 107/HID, but these do not affect the rate law because:
= They pccur after the RDS.
*  H"acts as a catalyst (regenerated in the mechanism) and does not appear in the rate law.
* The slow step involves only the reactants that appear in the rate law (H;05 and I7).
*  The fast steps reconcile the intermediates (107, HIO) wilh the overall reaction.

— e T — O — — i — i — i — i — i — i — o — . —
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5Q

Solution File @ Rack Your Brain!

K

The conditions must be met for a collision to be effective according ta callision theory are
glven below; A collision is effective only if;

= The reacting particles have enough activation energy

« Collide with the correct orientation

Explanation

0.02 mol/dm*s

5Q

Temperature affects the Bolmann distribution curve because higher temperature

« shifts the curve to the right and flaltens i,

« increasing the number of particles with energy greater than the activation energy,
= speeds up the reaction

A catalyst speeds up a reaction by providing an alternative reaction pathway with lower
activation energy, allowlng more reactant molecules to overcome the energy bamier and
form products.

50

It shows how the concentration of a reactant affects the rate of the reaction
For example, if rate = k|A]*[B], the reaction is second order with respect to A and first order-
with respect to B.

5.0

Examples
I.  Phatochemical reactions are usually rero order reactions,

lil. Hy+CL—=" , 3HCL
v, 2NH;—Ts Ny + IH; v.

il. Emzyme calalysed reactions
THI—2p My |y
v N:O—N;+ %0,

7.

Orderofreactions2+1=3

5Q

For a tero order reaction (n=0),
k = {mol-dm-'j %57
k = mol' -dm s

For a first arder reaction (n = 1), the rate Is directly proportional to the concentration of one
reactant,

k = {mal-dm™)* 5~
k = {mol-dm™)"s"

k=xt

-

For a first—order reaction, the half-life (tys) s related 1o the rate constant (k] by the
equation: ty; = 0.693/k. Rearranging this equation give k = 0.693 [ty The rate constant
k is calculated as 0,3465 h™'. To convert this te seconds, we multiply by (1h/36005) giving
k = 0.3465,/3600 = 9.625 » 1073571,

The slowest step determines the overall rate of the reaction.
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Chapter 7 3% Reaction

Q.1 Four cholces are glven for each question. Select the correct cholce.

.

w,

Vi,

Vil

Wi,

D> Ewee <K IR

MULTIPLE CHOICE QUESTIONS (MCQs) -l

The rate of reaction:

a) Inereases as the reaction procesds

b} Decreases as the reaction proceeds

) Remains the same as the reaction procesds

d) May decrease or increase as the reaction proceeds

Increaslng the temperature of a chemical reaction Increases the rate of reaction because:

a) Bath the collision frequency and collision energies of reactant molecules increase

b Collision frequency of reactant maolecules increases

¢} Activation energy increase

d) Actvation energy decrease

Consider two reactions with different activation energies al the same temperature. The reaction with
the lower activation energy will have:

a) & smaller rate constant br) & larger rate constant

€] The same rale constant d) A rate constant that depends on the enthalpy charg,
The order of a chemical reaction, that is independent of concentration ls:

a) Second order reaction b} First arder reaction

c) Zero order reaction d} Pseudo first order reaction

On a Boltzmann distribution curve, the area under the curve represents;

a) Actieation energy of the reaction. b) Tetal number of molecules in the sample,

c} Average hinetic enerpy ol the molecules. d) Rate constant of the reaction.

On a Boltzmann distribution curve, the activation energy (E) Is represented by:

a) The height of the peak

b} The area under the entire curve

¢ A vertical line drawn at a specific kinetic energy value

dj The difference between the peak and the X -axis

If we double the concentration of a reactant, the rate Increases by four times, the reaction s

a) Second order b} First crder ¢} Third order d) Zero order

The rate determining step in 2 multi-step reaction Is:

a) Always the first step  b) Always the last step ¢ The slowest step d) The fastest step

The reaction NO, + CO—+ NO+CO, occurs in two steps. What Is the rate law equation for this reaction!
IND, —NO+NO, (k) slow
NO, + CO—+CO, +NO, (k,) fast
a) R=k[NO, ] b} R=k,[NO,][cO) £l R=k,[NO,]

How does the presence of a catalyst affect the rate of a chemical reactlon?

a) It always decreases the rate of the reaction

b} it always increases the rate of the reaction.

) It increases the rate of the forward and decreases the rate of the reverse reaction,
Al I increases the rate of bath the forward and reverse reactions.

d) R=k, [N,

’cﬂuuﬂ = CHEMIS emn qaa §
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On an energy profile diagram, the presence of a catalyst is represented by:

a) A igher peak representing the activation energy
b A loweer peak representing the activation energy
¢] Achange in the energy level of the reactants or products
d) A shilt in the equilibrium postion

il The units of the rate constant (k] for a reaction depend on the:
a] Activation energy of the reaction
b} Temperature of the reaction
¢} Overall arder af the reactien
d) Staichiometry of the balanced chemical equation

gl A first-order reaction has a hall-life (1, ) of 20 minutes. What Is the value of its rate constant (k)7

a] 005 min™? b} 0.693 min™? ¢} 0.0347 min™" d) 13.56 min™"
Answer Ky with Explanations
gr.Mo- | Option Answer | Explanation
l b Decreases as the reaction |« Reactant concentrations decrease owver time, reducing
: proceeds collision frequency and rate
il Both the coliision Higher temperature boosts molecular speed [more
" " frequency and collision collisions) and energy (maore exceed £,)
energies of reactant
maolecules increase
- b A larger rate constant Lower E, means more molecules have sulficient ensrgy 1o
react (faster rate, larger k).
. . Pern onder cosction Zero-order rates are constamt (eg. cataltic surface
reactions)
5 ; b Total numbar ef molecules The integral of the curve equals the total maleculed

in the sample

A vertical line drawn at a

Esls the threshold energy [vertical line) bevond which

Vi c specific kinetic energy molecules can react
value
Vil Second order Rate o [Reactant]2 <+ 4 = 22 = rate increase
Vi, The slowest step The slowest step limils the overall rate
® .d A=k, NO, I, The slow step involvas IND; — products, so rate depends
) on KO,
It Increases the rate of both Catalysts lower E, for bolh directions, speeding up

X =d the forward and reverse equilibrium attainment,

Feactons
X, b A lower peak representing Catalysts provide an alternative pathway with reduced £,

the activalion energy

- é Overall order of the For order n, k has units of mot® nin's ™t

reacthon
X, c 0.0347 min™ k= %:} = FI—;}E= 00347 min
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SHORT ANSWER QUESTIONS

Q.2 Attempt the following short-answer questions:

a. What do you understand by the rate of a reaction?

—

Ans. The rate of a reaction refers to how fast or slow a chemical reaction occurs. It is defined as the change
cancentration of a reactant or Pﬂ:bdu!:l per unit time.
Mathematlcally, the rate of reaction can be expressed as:

Rate of reaction =

Changeinconcentrationofthrsubstance

Time taken for the change

Rate of reaction= L
at

b.  Glve the difference between enthalpy change of reaction and energy of activation of reaction.
Ans. Difference between Enthalpy Change of Reaction and Energy of Activation of Reaction: e
Property Enthalpy Change of Reaction [AH) Activation Encrgy (E.) 1
Definition The total heat change during @ chemical | The minimum energy required for 5]
reaction at constant pressure reaction o ocour.
Significance It indicates whether a reaction is exothermic | It represents the energy harritrthitm
[8H < 0} or endothermic (aH > 0] be overcome for a reaction to proceed
Effecton Reflects the overali energy change between | Affects the rate of the reaction; higherf,|
Reaction products and reactants. means slower reaction.
Energy AH can be positive [endothermic) or | E, is abways positive, indicating an zgr;,'
Direction negatwe [exothermic). inpul is needed.
Measurement | It is the difference in the enthalpy between [ It i3 determined  experimentally by
reactants and products. studying reaction rates.
Example In the combustion of methane: For a reaction to occur, molecules myg

CHy + 20y = COy + 2H;0
&H is negative [exathermic).

first overcome (he activation energy,

which can be lowered by a catalyst,

¢ Differentiate clearly between order and molecularity of a reaction.

And, Differentlate between Order and Molecularity
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ﬁm instantaneous rate changes during a reaction?
ﬁ instantanecus rate of a reaction changes during the course of the reaction because:
1. Ceoncentration of Reactants Changes:
« As the reaction proceeds, reactant molecules are consumed 1o lorm products. This causes a
decrease in the concentration of the reactants over lime.
= According to the rate law, the rate of reaction depends on the concentration of reactants. As the
concentration decreases, the rate of the reaction gensrally stows down [in the case of most reactions).
7. Effect on Rate Law:
« The rate of the reaction is often directly proportional to the concentration of reactants raised to
same power (the order of the reaction)
« For example, if the rate law is rate = k[A]", as [a] decreases, the rate will decrease accordingly. This
change in concentration ovr Ume causes the instantaneous rate to change as well
3. Transitlon from Fast to Slow Reactions:
= Ininitial stages, when reactants are prasent in higher concentrations, the reaction proceeds faster,
= Asreactants are consumed and their concentrations drop, the rate of reaction decreases.
4, Reverse Reaction (i applicable):
= In reversible reactions, as products form, they can also react 1o regenerate reactants. This can
affect the overall rate, especially as the reaction approaches equilibrium,

——

g Briefly summarize the effects of temperature and surface area on the rates of reactions.

—

1. Efect of Temperature on Reaction Rate:
« Increase in Temperature = Increase in Rate of reaction.
+ At higher temperatures, molecules have more kinetic energy, leading ta:
o Mare frequent collisions between reactant molecules,
o Maore energelic collisions, increasing the chances of successful reactions (i.e., collisions with
enough enargy Lo overcome the activatlon energy barrier).
= Arrhenius Equation: The rale constant (k) increases with temperature, generally leading 1o a faster
reaction,
1. Effect of Surface Area on Reaction Rate:
* ncrease In Surface Area = Increase in Rate of reaction
«  Smaller particles or larger surface area of reactants result in:

depends on how concentration affacts the rate.

step of a reacticn mechanism.

B

Property Order of a Reaction Malecularity of a Reaction o More surface contact berween reactants, leading to more collisions,
Definition The power to which the concentration of a | The number of reacting species [alom, o Faster reaction rate as more reactant particles are exposed 1o react with the other reactant
reactant is raised in the rate law | molecules, or ions) invalved In the molecules. .
BXPressIan. elementary step of a reaction, * Example: Powdered solld reactants react faster than large chunks of the same substance because
Dependence | Order depends on the experimental | Molecularity s  based on the of the greater surface area available for collisions.
on observation of how reaction rate changes | stoichiometric  coefficients  in  the
Concentration | with concentration of reactants. elementary reaction step. . lustify that the radioactive decay Is always a first order reaction.
Nature Experimental: Determined by | Theoretical: Based on the nature of the Ans. Radioactive decay is always a first-order reaction due to the nature of the process, which can be justified
experimental data, can be fractional or | reaction mechanism and the elementary as follows:
iero steps. First-Order Reaction:
Uit Depends on the rate law and overall | Always an integer (1, 2, 3, etc), Indicating * A first-order reaction is one where the rale of reaction depends on the concentration of 3 single
reaz:mn FRN, S0EN VAT Wih Gfierent th "":"b"'r ':[ mﬁ;'gwrﬂ or iong:reactiny reactant raised to the power of 1.
ol T Ty M. * Mathematically: rate = k[A], where [A] is the concentration of the reactant, and k is the rate constant.
P—— o Feamte i i order | FOrA 55 pedic, U iliedtiy it Dependence on the Number of Radioactive Nuclel:
5d. (because two molecules are involved). i :
Can It Be Yes, order can be fractional, zero, or a | No, molecularity must always be a whak * In radioactive decay, the rate at which a substance decays depends on the number of radicactive
Fractional? whole number. number(1,2,3,..). nuclei present at any given time.
Reactions The order appfies to overall reactions and | Molecularity applies o the elementary * The probability that a single nucleus will decay within a given time interval is constant and

independent of the number of decays that have already occurred.
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« The rate of decay is proportional to the number of radioactive atoms that are still '"ﬁ:‘—;f-:h
moment, Le., the concentration of the wubstance ¥

s  The hall-life remains constant regardiess of how much material i left, further praving thay Tadioagy,
decay b5 a lirst-order process. |
o,

g A reaction Is second order with respect to a reactant. How s the rate of reaction affected ™
concentration Is doubled and reduced to hall?
Ans. For a second-order reaction with respect to a reactant, the rate of the reaction s P"ﬂpﬂﬂbm
square of the concentration of that reactant, This means that the rate law can be expressed as
Rate = k[A]*

Where:
= kis the rate constant,
= [A]is the concentration of the reactant.

h.  What Is meant by half-life and what Is It used for?

Ans. Mall-Life [Tofs):
The half-ife of a reaction is the time required for the concentration of a reaclant 1o decrease 1o half ol
initial value. It is a measure of how quickly a reaction occurs or how long it takes for a Suhiunr.”,
undergo a certain amouwnt of decay or transformation.
Uses:
It is used in various fields ke radioactive decay, chemical reactions, and pharmacokinetics (o measure tha
rate of processes or determine sale and elfective dosages in medicine

L Why does wood burn mare rapidly In pure oxygen than in air?
Ans.
1. Increased Oxygen Concentration:
* In air, oxygen makes up about 21% of the atmosphere, with the rest primarily consisting of
nitrogen and trace gases
* In pure oxygen, the oxygen concentration is 100%, meaning there is a much higher availabliity of
oxygen molecules to react with the wood during combustion.
* More oxygen molecules allow the combustion reaction lo proceed more quickly and at a highe
rate, as there are more maolecules avallable to support the chemical reactian
2. Increased Rate of Combustion:
*  Combustion is a chemical reaction between the fuel {in this case, wood) and oxygen. The reagtan
rate increafes when the concentration of oxygen Is higher.
«  Since th&® combustion of wood invalves breaking bonds in the wood's cellulose structure, mere
oxygen molecules allow the reaction to happen more efficlently and rapidiy.
The general combustion reaction of wood (which primarily consists of cellulose) 5.
CiHioOy + Op — COy + HO
In pure oxygen, this reaction can proceed much faster than In air,

——

———

J. A catalyst lowers the activation energy of a chemical reaction. Illustrate it.
Ans. A catalyst is 8 substance that lowers the activation energy of a chemical reaction, thereby increasing the
reaction rate without being consumed in the process.
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"""—:;l_,uﬂlﬂ Kinetics:

for a reaction with liest-order kinetics, the rate Law is giesn by
rate = k4]

where
¢ kisthe rate constant (in this case, 3.5« 10°y 1)
« [|A] s the concentration of the reactant
The units af k for a first-order reaction are 5 seconds imverse, which is consstent with the grorn rate eoratant
“The number of reacting molecules whote concentration alters 33 @ result of the chemical change &
called arder of reaction,”

O
=the sum ol all the exponents Lo which the concentrations in the rate equation are raised it called order
ol reaction.”
prder of a reacticn decides the unity of rate constant a reaction
Explanation:
The units of the rate constant (k) reveal the reaction arder:
« First-order (s7): Rate depends linearly on conzentration (Rate = k[A])
« Second-order ([dm® mois™): Rate depends an concentration squared [Pate = KI&]7)
s ZIorc-order (k = mol.dm™ °'): Rate is independent of concentration

if the initial concentration of the reactant Is 0.50 mol dm™ , calculate the initisl rate of the reaction,

L

ans. For a hrst-order reaction, the rate law ix:

Rate = k[4)

where:
« Rate s the initial rate of the reaction,
o  kisthe rate constant (given as 3 5=107 57)
» [A] ts the initial concentration of the reactant (given as 0.50 mol/dm’)
Substitute the Given Values:

Rate = (3.5 = 107%5"") = {0.50 mal/dm’)

Rate = 1.75 = 107" mol/dm's

‘m. How would the rate of this reaction change If the concentration of the reactant were doubled?
Ant. The reaction is first-order, the rate is directly proportional 1o the concentration of the reactant

Rate law:
Rate = kja)
If the initial concentration is doubled, say from [A to 2[A], then:
New rate = k[2[A]} = 2-(k[A]} = 2=original rate

n  Acertaln first-order reaction has a rate constant of 2.5#107" s7'. Calculate the hall-life of the reaction

in minutes.
Ans. Half-life formula (for first-order reactions):

tin = InZfk
Where: fiz = half-life,

In2 = 0692

k= 25x10%s"

Calculate In seconds: twn = D693/ 5=107" = 277 Iseconds
Convert seconds to minutes: Ly = 277.2/60 =4 62Zminutes

k. The rate constant for a certain reaction Is 352107 5™ at 25°C. What Is the order of IlF reaction!
Explain based on the units of the rate constant. w

o. A radloactive isotope decays by a first-order process with a hall-iife of 12 hours. Calculate the rate

Ans. It seems to a reaction with a given rate constant (k= 3.5 = 107 5™} at a spedfic temperature |25°C), This
rale constant suggests that the reaction may follow first-order kinelics, where the rate of reaction depends
linearty on the concentration of the reactant.

Here are some key points about rate constants and their interpretation:

constant for the decay In 5™
Ans, k= In2fty
Gheen: ty: = 12 hours
Convert toseconds: 12 hours = 12 = 60w 60 = 43,2004

K 0.693/43,2005 =1 60 = 107* 5*
The rate constant kis approximately 1.60 = 107" ™
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0.3 Relate the order of 3 reaction to the rate law for the reaction. How do you distingulsh h:hu_‘;.:
arder, first order and second order reaction?

DESCRIPTIVE QUESTIONS

Ans. See Page No. (232) e

Q.4 How do you find the numerical value of a rate constant by initial and half-life methods? e -

Ans. See Page Mo. [237) e

Q.5 How does the activation energy profile of an uncatalyred reaction compare with that of u;m
reaction?

Ans. See Page No. (230] =

Q6 The reaction between hydragen peroxide (H;01) and iodide lons () in acidic solution is believed to
via the following mechanism:
Step 1: Hy0, 1" —H,0+0I" {slow)
Step 2: OF +H' —HOI {fast)
Step 3: HOl+I™ +H" ——H, 0+, [fast)

iy Write the overall balanced equation for the reaction.
i} Identify any intermediates and catalysts in this mechanism.
iil)  What is the rate-determining step?
iw)  Write the rate equation for the reaction, expressing It In terms of the reactants in the everall reactign,
. See Quick Check 7.9 TS
Possible Intermediates:
= Hypoiodous Acid (HOI) —May form transiently during iodide oxadation.
= lodine Radical [I") = A short-lived species in elactron transfer s1eps.
And Catalysts for This Mechanizm:

Q.6 Calculate the reaction rate if the concentration of A Is 0.5 M, the concentration of B is 0.2 and the ratz
constant k iz 4.0 M5, Given the rate law for a reaction: Rate = k[&][8)".

(i}

MoD? or Fe®

NUMERICAL PROBLEMS
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27 Afirst order reaction s found 1o have a rate constant, k = 552105, Find the hall-life of the reaction.

Temp. (K] | Rate constant (em’ mal s~ )(K)
500 6814+10"
550 164x107
600 0.56 = 10"
650 7.31%10°
700 66 67«10
-m,_g; Rate constant (k) = 55 x10as!
6 Reaction order = First-grder
1o find: Half-life {tuq) = 7
m’iwﬁt fermula
for a first-order reaction, the hall-fife is ghven by
In{2}
lyy = ——

re:-
« Inf2)=0.693
« kisthe rate constant.
glep L: Substitute the Given Rate Constant
By putting the value of k:
0.693
Iy 3e——————
55x=107"as™
Srep 3: Calculation
tip = 1.26 x 105
Answer: The hali-life of the reaction is 1.26 = 10% 5.
08 Three experiments that have Identical conditions were performed to measure the initial rate of the

reaction. ZHL, —sHy, +l,,

Experiment | [HII[M) | Rate (M /[5)
L 0o1s | 3307
3 0030 | s4x10°
3 0045 a9xin"

Write the rate law for the reaction. Find the value and units of the specilic rate constant, k.

Given Data: Rate law = k|a][B8)
Rate constant (k) = 4.0M7 57!
Concentration of A ([A]) = D.5M
Concentrationof B ([B]) = 0.2M

To find: Reaction rate = 7
Solution:
The rate of the reaction 15 given by

Rate = k|a][B]*
Substitute the Glven Values

Rate = (400757 = (0.5 M) = (0.2 M)
Now, multiply all the terms step by step:

Rate = 4.0=05=0.04

Rate = D.0B Ms™*
The reaction rate is: 0.08 M s™

Given Reaction:
M, —+Hy, o by
Step 1: Rate Law Form
Rate = k[HI]"

Use the data to find the order n.
Step 2: Determine Reaction Order (n)

Use experiments 1 and 2:

e  Ewpl:[Mi]=0015=0015Rate=1.1x10""

»  Ewp2:[HI] = 0.030=0.030 Rate = 4.4x10™"

_j -
4.4x=10 . 0.030 =d=1" e
1.1x107 0.015
Order=1
$tep 3: Rate Law

Rate = k[HI)'



