How to get concentration vs. time measurements

Beerslaw

s s whats usualy ead out
of the.

Calib range of known concs, unless firs-order. in which case

Can easily be automated

Butrather broad. so can overlap

Resistance of a solutn cepends on the
presence of ions there

Conductance (= UResist is directly proportional to the o ions

Only really good for first order - relation n i rather involved

Easy and non-invasine with modern devices

V= piRT.
At constant temperature, pressure s directly proportior
want the partial pressures (which sum tot he

Gas pressure
we e s total
pressure), and this can be done using dissociation constants

Each partial pressure follows the ideal gas law

EMF of the species in the cell
By ch electrodes, we can monitor a wide range of ions
Use the NERNST equation

Take an aliquot

GC column separates chemiicals, can look
@ peaks to find concentrations CanuseaGowor

wlout a mass s

Reagents are mixed by two tubes coming together and continue flowing

Disance down tube is proportonal o time since mixing |

Getting data

Reacts with NO o form NO2*
photon, which can be detected using a

NO? reacts back it O to form NO again_)

Like continuous flow

Only happens a certain amount of time, then end plunger hits end

‘Then measure mnreal ime - quicky) at  point where mising is complete ), _Stopped fiow

Need lite reagent
Siightly faster time resolution than continuous fiow

Intense flash of light used to create radicals

No problem of mixing, caus' created_in-situ

However. rapid detection needed

Flash photolysis

L each other

Molecul "
B are far apart
Held together in a certain way by electrons in MOs

Startinteracting with one another
MOS being to interact (usually HOMO + LUMO)

As a result, bonds begin to be made and broken - new MO are made

‘What happens

They approach | What happe!

In theory. using MO theory, can calculate PE of molecule or any arbitrary arrangement of nuclei and electrons

depend on the il the species

orodues o osgori) ot s Potental energy
5 & Apotentalanergy surface gves he enery of he | suraces
local minima on the surface tion of all the atoms in the system

Thi il e & kmetien o  very e rumbesr of dis g angles - rbe
We canimagine a reagent a species ‘moving” long hatsurface
minimum t another. energy mustbe_putin

“This is because the extra amount of energy that needs to be put in is
the diference etween the reagents and the

Oy smallacton of molecles il have trat
e Bolizmann distribution

Asthis s an exponential function of energy , increasing the
1l trech the number of molecul

The one involving the least
expendiure of enerqy is favoured

—
ko]
Thereore notiog bt v owest errgy gy appens

Reactions

Molecu in potential energy minima

“The highest pointin

Ifthey'e sightly distorted, th toring force_\, _called the transition state-

For transition states, there is no restoring forces, to products

The minimum energy pathway
s caled the reaciion
coordina

It consists of a range of motions
Ploting the reaction coordinat the_reaction profile

Molecules come together by making colisions
Particles much smaler than distance between them
Assumptions
Elastic and random collsions

[EeT Average speeds and relati d

Proportional to the sum of the collision section , the.
two concentrations and the relative velocity above

Collision theory.

1
r Gonsderng he prapononof el it v anenery
. and assuming that llcolisions involving these give a

product, we can work out an expression for rate

By comparing with the rate equation, this gives us a value for k
Gives us a value for the pre-exponeniia factor
paring with the
Colision rate per reagents \ Arrhenius equation
) tothe

We can find r using properties of viscosity and effusion

It turns out that the collsion theory values of A are usuall

This s understandable - we have assumed that all

colisions wil lead to a reaction \ Comparing with experiment

The steric factor is defined as p tal / Acollsion theory.

Most of the time, its much smaller than 1, but sometimes larger - the.
1 qreater distances than would be expected

(C) Daniel Guetta, 2006

Reaction rate theories

Kinetics

Introduction

Rate laws

There rate of a reaction s dCIdt

Slope of the graph of concentration against time
Common in_molecules per unit volume

“The rate equation can be defined in terms of any reagent or productas _/ vais A

Given a positive sign for products. negative for reagent

The relation can often be expressed as a_rate law

the a, b, c...are the orders of the reaction with

‘Some simple rate laws are of the form r = k [AJa[Blb. respr i ach o he reagents

Afrst orge ate law i one
the conceniration i Same with second. etc
et re powtr o 1

Rates deperdonthe
conceniration of

“The units of the rate constant give a clue as to the order of the rate equation

Can be used to predict rate given concentrations

cantel thing about the mechanism

Separate concentration dependence from constan)

found to vary according to the.

Usil ndependent (o very
Arthenius equation weakl on

Als called the 1 tactor dy dependent)

Can be identiied as the maximum oo

Ink
RT

the equation into a inear form.

v proceses it rem sy i e i o s s s

‘The equilibrium constant s the ratio of the rate “The rate of the forward tons will be the same, but not the _rate constants
constants of the forwards and reverse reactions (t /1)

b rate also depend: of reactants

Look at data, suggest rate law and see ifits consistent

Only relative concentrations are
ne

In othy he rate-per-conc is th a
e e oot o other words, the rate-per-conc is the same at any time

Sometimes vant o i e
st o change of reagen
ucts, o vice-versa

Second order

Experimental determinations

In the case A + B —> C, since [A] and [B] are related can solve

We make ne reagentin in 50 times that of the other)

of this reagent s then

The reaction s then pseudo-first-order and

Isolation method | we geta pseudo-first-order rate constant Canfig the toal tate colstant sy & plot

L ke reaction inconveniently fast

Time taken for concenration of specified reagent to fal to haf of s value

Foraf

order, t(1/2) = k/ In(2)

wherever we take i, il take the same time to halve

Haltlite " ener to find k using the graphing method. but this can be useful

Can measure the extent of the reaction by how many
halt-lives have passed since its started

For first order reactions, the hal-ifelrate constant gives
a good indication of how fast the reaction i

For other rates laws.

Comparing rates
into account




