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 The Stokes-Einstein Relation
Albert Einstein realized that an ion moving in an electrolytic solution is somewhat analogous to a 

macroscopic sphere moving in a liquid medium. A macroscopic sphere can travel very fast if it is outside of 
water or any other liquid; however, its velocity will definitely be affected if it is put in some liquid. The reduced 
velocity of the sphere in liquid can be attributed to an opposing force exerted upon it by the diameter of the 
sphere (d), viscosity of the medium (η), density of the medium (ρ) and the speed of the ion itself (𝑣). All these 
factors are correlated mathematically to give “Reynolds number (Re)” as 

𝑅𝑒 = 𝑣𝑑
𝜌

𝜂
(59) 

If the hydrodynamics has a profile that makes the 𝑅𝑒 ≪ 1, Stokes proved that the dragging force (F) on the
sphere can be formulated by the following relation. 

𝐹 = 6𝜋𝑟𝜂𝑣 (60) 

Which is the famous Stokes’ law. 

Now although the equation (60) is very useful in case of a macroscopic sphere moving in water or in 
any other liquid, the applicability of the same to microscopic ions requires some testing first. One condition 
that must be satisfied for the practicality of Stokes law to ion in solution is the very small value of Reynolds 
number i.e. 𝑅𝑒 ≪ 1. After using the ionic diameter and typical drift velocity of ion, it is found that Reynolds
number is very small in comparison to unity, and therefore, suggests that Stokes law can be applied to ionic 
movement. However, equation (60) would show deviations from experimental results if the ions tagged are 
not completely spherical, and therefore, should be modified for such particles. It has been shown that for 
cylindrical particles, the factor 6π must be replaced by 4π to get reasonable results. It is also worthy to note 
that the Stokes law fails to explain the viscous drag on extremely small ions, justifying the need for some other 
advanced models. Furthermore, besides the viscous drag, the presence of other ions also creates collisions and 
stop-start zig-zag movement which makes it very difficult to apply Stokes’ law. 

Albert Einstein developed a modified approach to correlate the viscosity with the diffusion coefficient 
by suggesting that a driving force (−𝑑𝜇/𝑑𝑥) operates on the particles during diffusion which can be formulated 
as given below. 

−
𝑑𝜇

𝑑𝑥
= 6𝜋𝑟𝜂𝑣𝑑

(61) 

Where 𝑣𝑑 is the steady-state velocity of the ion under consideration. The right-hand side of the above equation
means that the driving force we assumed must be opposed by an equal and opposite resistive force given by 
Stokes’ law. 

Besides, when a charged particle moves in a polar solvent, solvent dipoles surround it from oppositely 
charged ends; and this surrounding environment is destroyed and built up again and again due to movement, 
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and takes time for it.  In this relaxation process, a relaxation force is in operation which can be considered as 
an additional frictional force on the tagged ion. Therefore, the dragging force expression is modified to  

 𝐹 = 6𝜋𝜂𝑣𝑟 − 6𝜋𝜂𝑣
𝑠

𝜀
 (62) 

Where 𝑠 = (4/9)(𝜏/6𝜋𝜂)𝑒02/𝑟3 whereas ε represents the dielectric constant of the solvent. The correction 
factor sometimes can be very large but will be neglected for the simplicity of the derivation Stokes-Einstein 
law. Now, from the definition of absolute mobility, i.e., 

 �̅�𝑎𝑏𝑠 =
𝑣𝑑

𝐹 
 (63) 

The drift velocity can be divided either by the diffusional driving force or by the equal and opposite viscous 
force given by Stokes law. Therefore, using equation (61) in equation (63), we get 

 
�̅�𝑎𝑏𝑠 =

𝑣𝑑
−𝑑𝜇/𝑑𝑥

=
𝑣𝑑

6𝜋𝑟𝜂𝑣𝑑
=

1

6𝜋𝑟𝜂
 (64) 

At this stage, recall the famous Einstein’s relation between the absolute mobility and diffusion coefficient, i.e., 

 𝐷 = �̅�𝑎𝑏𝑠𝑘𝑇 (65) 

Substituting the value of �̅�𝑎𝑏𝑠 from equation (64) in the above expression, we have 

 
𝐷 =

𝑘𝑇

6𝜋𝑟𝜂
 

(66) 

Which is the famous Stokes-Einstein’s relation between the viscosity and diffusion coefficient.  

               The Stokes-Einstein relation inspired the pioneering work of Perrin who studied the random walk of 
a colloidal particle using an ultramicroscope and found that the mean square distance (< 𝑥2 >) covered in ‘t’ 
time is correlated with the diffusion coefficient as given below. 

 
𝐷 =

< 𝑥2 >

2𝑡
 

(67) 

From the knowledge of the weight of colloidal particles and corresponding density, the magnitude of radius r 
can be obtained, which in turn can be employed (along with medium’s viscosity) to find the value of Boltzmann 
constant from the rearranged form of equation (66) 

 
𝑘 =

6𝜋𝑟𝜂𝐷

𝑇
 (68) 

Since 𝑘 = 𝑅/𝑁𝐴, the value of the Avogadro number can be obtained from 𝑁𝐴 = 𝑅/𝑘. Furthermore, the Stokes-
Einstein law can also be used to find the value of conventional ionic mobility (�̅�𝑐𝑜𝑛𝑣). To do so, recall the 
expression for conventional mobility i.e. 
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�̅�𝑐𝑜𝑛𝑣 = �̅�𝑎𝑏𝑠𝑧𝑖𝑒0 (69) 

Now using the value of �̅�𝑎𝑏𝑠 from equation (64), we have

�̅�𝑐𝑜𝑛𝑣 =
𝑧𝑖𝑒0
6𝜋𝑟𝜂

(70) 

The mobility given is typically labeled as Stokes mobility. The physical significance of the above equation lies 
in the fact that it shows the correlation of conventional mobility with the charge on the ion, radius of the ion 
and viscosity of the solvent used. It should also be noted that the equation does not explain the concentration 
dependence of ion-ion interaction, and therefore, is an oversimplified approach. 

https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/


LEGAL NOTICE
This document is an excerpt from the book entitled “A 

Textbook of Physical Chemistry – Volume 1 by 
Mandeep Dalal”, and is the intellectual property of the 

Author/Publisher. The content of this document is 
protected by international copyright law and is valid 

only for the personal preview of the user who has 
originally downloaded it from the publisher’s website 

(www.dalalinstitute.com). Any act of copying (including 
plagiarizing its language) or sharing this document will 

result in severe civil and criminal prosecution to the 
maximum extent possible under law.

This is a low resolution version only for preview purpose. If you 
want to read the full book, please consider buying.

Buy the complete book with TOC navigation, high resolution 
images and no watermark.

https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/


D DALAL 
INSTITUTE 

Home Classes Books Videos Location Contact Us About Us °' Followus:OOOGO 

CLASSES 

NET-JRF, llT-GATE, M.Sc Entrance & 

llT-JAM 

Want to study chemistry for CSIR UGC - NET 

JRF, llT-GATE, M.Sc Entrance, llT-JAM, UPSC, 

ISRO, II Sc, TIFR, DRDO, BARC, JEST, GRE, Ph.D 

Entrance or any other competitive 

examination where chemistry is a paper? 

READ MORE 

Home 

BOOKS 

Publications 

Are you interested in books (Print and Ebook) 

published by Dalal Institute? 

READ MORE 

Share this article/info with your classmates and friends 

VIDEOS 

Video Lectures 

Want video lectures in chemistry for CSIR UGC 

- NET JRF. llT-GATE. M.Sc Entrance, llT-JAM, 

UPSC, ISRO, II Sc, TIFR, DRDO, BARC, JEST, GRE, 

Ph.D Entrance or any other competitive 

examination where chemistry is a paper? 

READ MORE 

--------
join the revolution by becoming a part of our community and get all of the member benefits like downloading any PDF document for your personal preview. 

Sign Up 

Copyright© 2019 Dalal Institute • 

Home: https://www.dalalinstitute.com/
Classes: https://www.dalalinstitute.com/classes/
Books: https://www.dalalinstitute.com/books/

Videos: https://www.dalalinstitute.com/videos/
Location: https://www.dalalinstitute.com/location/

Contact Us: https://www.dalalinstitute.com/contact-us/
About Us: https://www.dalalinstitute.com/about-us/

Postgraduate Level Classes
(NET-JRF & IIT-GATE)

Admission
Regular Program          Distance Learning

             Test Series           Result

Undergraduate Level Classes
(M.Sc Entrance & IIT-JAM)

Admission
Regular Program          Distance Learning

             Test Series           Result

A Textbook of Physical Chemistry – Volume 1

“A Textbook of Physical Chemistry – Volume 1 by Mandeep Dalal” is now  available globally; including India, 
America and most of the European  continent. Please ask at your local bookshop or get it online here.

READ MORE

Join the revolution by becoming a part of our community and get all of the member benefits 
like downloading any PDF document for your personal preview.

Sign Up

https://www.dalalinstitute.com/
https://www.dalalinstitute.com/
https://www.dalalinstitute.com/classes/
https://www.dalalinstitute.com/books/
https://www.dalalinstitute.com/videos/
https://www.dalalinstitute.com/location/
https://www.dalalinstitute.com/contact-us/
https://www.dalalinstitute.com/about-us/
https://www.twitter.com/DalalInstitute/
https://www.facebook.com/DalalInstitute/
https://www.instagram.com/DalalInstitute/
https://www.linkedin.com/company/DalalInstitute/
https://www.youtube.com/DalalInstitute/
https://www.dalalinstitute.com/classes/
https://www.dalalinstitute.com/classes/
https://www.dalalinstitute.com/classes/
https://www.dalalinstitute.com/books/
https://www.dalalinstitute.com/books/
https://www.dalalinstitute.com/books/
https://www.dalalinstitute.com/videos/
https://www.dalalinstitute.com/videos/
https://www.dalalinstitute.com/videos/
https://www.dalalinstitute.com/
https://www.dalalinstitute.com/location/
https://www.dalalinstitute.com/contact-us/
https://www.dalalinstitute.com/about-us/
https://www.dalalinstitute.com/classes/csir-ugc-net-jrf-and-iit-gate-chemistry-admission/
https://www.dalalinstitute.com/classes/csir-ugc-net-jrf-and-iit-gate-chemistry-regular-program/
https://www.dalalinstitute.com/classes/csir-ugc-net-jrf-and-iit-gate-chemistry-distance-learning/
https://www.dalalinstitute.com/classes/csir-ugc-net-jrf-and-iit-gate-chemistry-test-series/
https://www.dalalinstitute.com/classes/csir-ugc-net-jrf-and-iit-gate-chemistry-result/
https://www.dalalinstitute.com/classes/msc-entrance-and-iit-jam-chemistry-admission/
https://www.dalalinstitute.com/classes/msc-entrance-and-iit-jam-chemistry-regular-program/
https://www.dalalinstitute.com/classes/msc-entrance-and-iit-jam-chemistry-distance-learning/
https://www.dalalinstitute.com/classes/msc-entrance-and-iit-jam-chemistry-test-series/
https://www.dalalinstitute.com/classes/msc-entrance-and-iit-jam-chemistry-result/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/
https://www.dalalinstitute.com/sign-up/
https://www.dalalinstitute.com/sign-up/




Table of Contents 
CHAPTER 1 ................................................................................................................................................ 11 

Quantum Mechanics – I ........................................................................................................................ 11 

 Postulates of Quantum Mechanics .................................................................................................. 11
 Derivation of Schrodinger Wave Equation...................................................................................... 16
 Max-Born Interpretation of Wave Functions .................................................................................. 21
 The Heisenberg’s Uncertainty Principle .......................................................................................... 24
 Quantum Mechanical Operators and Their Commutation Relations ............................................... 29
 Hermitian Operators – Elementary Ideas, Quantum Mechanical Operator for Linear Momentum,

Angular Momentum and Energy as Hermitian Operator ................................................................. 52 

 The Average Value of the Square of Hermitian Operators ............................................................. 62
 Commuting Operators and Uncertainty Principle (x & p; E & t) .................................................... 63
 Schrodinger Wave Equation for a Particle in One Dimensional Box .............................................. 65
 Evaluation of Average Position, Average Momentum and Determination of Uncertainty in Position

and Momentum and Hence Heisenberg’s Uncertainty Principle..................................................... 70 

 Pictorial Representation of the Wave Equation of a Particle in One Dimensional Box and Its
Influence on the Kinetic Energy of the Particle in Each Successive Quantum Level ..................... 75 

 Lowest Energy of the Particle ......................................................................................................... 80
 Problems .......................................................................................................................................... 82
 Bibliography .................................................................................................................................... 83

CHAPTER 2 ................................................................................................................................................ 84 

Thermodynamics – I .............................................................................................................................. 84 

 Brief Resume of First and Second Law of Thermodynamics .......................................................... 84
 Entropy Changes in Reversible and Irreversible Processes ............................................................. 87
 Variation of Entropy with Temperature, Pressure and Volume ...................................................... 92
 Entropy Concept as a Measure of Unavailable Energy and Criteria for the Spontaneity of Reaction

...........................................................................................................................................................94
 Free Energy, Enthalpy Functions and Their Significance, Criteria for Spontaneity of a Process ... 98
 Partial Molar Quantities (Free Energy, Volume, Heat Concept) ................................................... 104
 Gibb’s-Duhem Equation ................................................................................................................ 108
 Problems ........................................................................................................................................ 111
 Bibliography .................................................................................................................................. 112

https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/quantum-mechanics-i/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/postulates-of-quantum-mechanics/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/derivation-of-schrodinger-wave-equation/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/max-born-interpretation-of-wave-functions/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/the-heisenbergs-uncertainty-principle/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/quantum-mechanical-operators-and-their-commutation-relations/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/hermitian-operators-elementary-ideas-quantum-mechanical-operator-for-linear-momentum-angular-momentum-and-energy-as-hermitian-operator/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/the-average-value-of-the-square-of-hermitian-operators/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/commuting-operators-and-uncertainty-principle-x-p-e-t/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/schrodinger-wave-equation-for-a-particle-in-one-dimensional-box/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/evaluation-of-average-position-average-momentum-and-determination-of-uncertainty-in-position-and-momentum-and-hence-heisenbergs-uncertainty-principle/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/pictorial-representation-of-the-wave-equation-of-a-particle-in-one-dimensional-box-and-its-influence-on-the-kinetic-energy-of-the-particle-in-each-successive-quantum-level/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/lowest-energy-of-the-particle/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/problems-quantum-mechanics-i/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/bibliography-quantum-mechanics-i/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/thermodynamics-i/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/brief-resume-of-first-and-second-law-of-thermodynamics/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/entropy-changes-in-reversible-and-irreversible-processes/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/variation-of-entropy-with-temperature-pressure-and-volume/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/entropy-concept-as-a-measure-of-unavailable-energy-and-criteria-for-the-spontaneity-of-reaction/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/free-energy-enthalpy-functions-and-their-significance-criteria-for-spontaneity-of-a-process/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/partial-molar-quantities-free-energy-volume-heat-concept/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/problems-thermodynamics-i/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/bibliography-thermodynamics-i/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/gibbs-duhem-equation/


CHAPTER 3 .............................................................................................................................................. 113 

Chemical Dynamics – I ........................................................................................................................ 113 

 Effect of Temperature on Reaction Rates ...................................................................................... 113
 Rate Law for Opposing Reactions of Ist Order and IInd Order..................................................... 119
 Rate Law for Consecutive & Parallel Reactions of Ist Order Reactions ....................................... 127
 Collision Theory of Reaction Rates and Its Limitations ............................................................... 135
 Steric Factor ................................................................................................................................... 141
 Activated Complex Theory ........................................................................................................... 143
 Ionic Reactions: Single and Double Sphere Models ..................................................................... 147
 Influence of Solvent and Ionic Strength ........................................................................................ 152
 The Comparison of Collision and Activated Complex Theory ..................................................... 157
 Problems ........................................................................................................................................ 158
 Bibliography .................................................................................................................................. 159

CHAPTER 4 .............................................................................................................................................. 160 

Electrochemistry – I: Ion-Ion Interactions ..................................................................................... 160 

 The Debye-Huckel Theory of Ion-Ion Interactions ....................................................................... 160
 Potential and Excess Charge Density as a Function of Distance from the Central Ion ................. 168
 Debye-Huckel Reciprocal Length ................................................................................................. 173
 Ionic Cloud and Its Contribution to the Total Potential ................................................................ 176
 Debye-Huckel Limiting Law of Activity Coefficients and Its Limitations ................................... 178
 Ion-Size Effect on Potential ........................................................................................................... 185
 Ion-Size Parameter and the Theoretical Mean - Activity Coefficient in the Case of Ionic Clouds with

Finite-Sized Ions ............................................................................................................................ 187 

 Debye-Huckel-Onsager Treatment for Aqueous Solutions and Its Limitations ............................ 190
 Debye-Huckel-Onsager Theory for Non-Aqueous Solutions ........................................................ 195
 The Solvent Effect on the Mobility at Infinite Dilution ................................................................ 196
 Equivalent Conductivity (Λ) vs Concentration C1/2 as a Function of the Solvent ......................... 198
 Effect of Ion Association Upon Conductivity (Debye-Huckel-Bjerrum Equation) ...................... 200
 Problems ........................................................................................................................................ 209
 Bibliography .................................................................................................................................. 210

CHAPTER 5 .............................................................................................................................................. 211 

Quantum Mechanics – II .................................................................................................................... 211 

 Schrodinger Wave Equation for a Particle in a Three Dimensional Box ...................................... 211

https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/chemical-dynamics-i/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/effect-of-temperature-on-reaction-rates/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/rate-law-for-opposing-reactions-of-ist-order-and-iind-order/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/rate-law-for-consecutive-parallel-reactions-of-ist-order-reactions/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/collision-theory-of-reaction-rates-and-its-limitations/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/steric-factor/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/activated-complex-theory/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/ionic-reactions-single-and-double-sphere-models/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/influence-of-solvent-and-ionic-strength/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/the-comparison-of-collision-and-activated-complex-theory/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/problems-chemical-dynamics-i/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/bibliography-chemical-dynamics-i/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/electrochemistry-i-ion-ion-interactions/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/the-debye-huckel-theory-of-ion-ion-interactions/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/potential-and-excess-charge-density-as-a-function-of-distance-from-the-central-ion/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/debye-huckel-reciprocal-length/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/ionic-cloud-and-its-contribution-to-the-total-potential/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/debye-huckel-limiting-law-of-activity-coefficients-and-its-limitations/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/ion-size-effect-on-potential/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/ion-size-parameter-and-the-theoretical-mean-activity-coefficient-in-the-case-of-ionic-clouds-with-finite-sized-ions/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/debye-huckel-onsager-treatment-for-aqueous-solutions-and-its-limitations/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/debye-huckel-onsager-theory-for-non-aqueous-solutions/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/the-solvent-effect-on-the-mobility-at-infinite-dilution/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/equivalent-conductivity-%ce%bb-vs-concentration-c-as-a-function-of-the-solvent/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/effect-of-ion-association-upon-conductivity-debye-huckel-bjerrum-equation/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/problems-electrochemistry-i-ion-ion-interactions/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/bibliography-electrochemistry-i-ion-ion-interactions/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/quantum-mechanics-ii/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/schrodinger-wave-equation-for-a-particle-in-a-three-dimensional-box/


 The Concept of Degeneracy Among Energy Levels for a Particle in Three Dimensional Box .... 215
 Schrodinger Wave Equation for a Linear Harmonic Oscillator & Its Solution by Polynomial Method

.........................................................................................................................................................217
 Zero Point Energy of a Particle Possessing Harmonic Motion and Its Consequence ................... 229
 Schrodinger Wave Equation for Three Dimensional Rigid Rotator .............................................. 231
 Energy of Rigid Rotator ................................................................................................................ 241
 Space Quantization ........................................................................................................................ 243
 Schrodinger Wave Equation for Hydrogen Atom: Separation of Variable in Polar Spherical

Coordinates and Its Solution ......................................................................................................... 247 

 Principal, Azimuthal and Magnetic Quantum Numbers and the Magnitude of Their Values ....... 268
 Probability Distribution Function .................................................................................................. 276
 Radial Distribution Function ......................................................................................................... 278
 Shape of Atomic Orbitals (s, p & d) .............................................................................................. 281
 Problems ........................................................................................................................................ 287
 Bibliography .................................................................................................................................. 288

CHAPTER 6 .............................................................................................................................................. 289 

Thermodynamics – II ........................................................................................................................... 289 

 Clausius-Clapeyron Equation ........................................................................................................ 289
 Law of Mass Action and Its Thermodynamic Derivation ............................................................. 293
 Third Law of Thermodynamics (Nernst Heat Theorem, Determination of Absolute Entropy,

Unattainability of Absolute Zero) And Its Limitation ................................................................... 296 

 Phase Diagram for Two Completely Miscible Components Systems ........................................... 304
 Eutectic Systems (Calculation of Eutectic Point) .......................................................................... 311
 Systems Forming Solid Compounds AxBy with Congruent and Incongruent Melting Points ....... 321
 Phase Diagram and Thermodynamic Treatment of Solid Solutions.............................................. 332
 Problems ........................................................................................................................................ 342
 Bibliography .................................................................................................................................. 343

CHAPTER 7 .............................................................................................................................................. 344 

Chemical Dynamics – II ...................................................................................................................... 344 

 Chain Reactions: Hydrogen-Bromine Reaction, Pyrolysis of Acetaldehyde, Decomposition of
Ethane ............................................................................................................................................ 344 

 Photochemical Reactions (Hydrogen-Bromine & Hydrogen-Chlorine Reactions) ....................... 352
 General Treatment of Chain Reactions (Ortho-Para Hydrogen Conversion and Hydrogen-Bromine

                        Reactions) ....................................................................................................................................... 358

https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/the-concept-of-degeneracy-among-energy-levels-for-a-particle-in-three-dimensional-box/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/schrodinger-wave-equation-for-a-linear-harmonic-oscillator-its-solution-by-polynomial-method/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/zero-point-energy-of-a-particle-possessing-harmonic-motion-and-its-consequence/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/schrodinger-wave-equation-for-three-dimensional-rigid-rotator/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/energy-of-rigid-rotator/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/space-quantization/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/schrodinger-wave-equation-for-hydrogen-atom-separation-of-variable-in-polar-spherical-coordinates-and-its-solution/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/principal-azimuthal-and-magnetic-quantum-numbers-and-the-magnitude-of-their-values/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/probability-distribution-function/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/radial-distribution-function/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/shape-of-atomic-orbitals-s-p-d/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/problems-quantum-mechanics-ii/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/bibliography-quantum-mechanics-ii/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/thermodynamics-ii/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/clausius-clapeyron-equation/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/law-of-mass-action-and-its-thermodynamic-derivation/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/third-law-of-thermodynamics-nernst-heat-theorem-determination-of-absolute-entropy-unattainability-of-absolute-zero-and-its-limitation/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/phase-diagram-for-two-completely-miscible-components-systems/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/eutectic-systems-calculation-of-eutectic-point/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/systems-forming-solid-compounds-axby-with-congruent-and-incongruent-melting-points/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/phase-diagram-and-thermodynamic-treatment-of-solid-solutions/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/problems-thermodynamics-ii/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/bibliography-thermodynamics-ii/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/chemical-dynamics-ii/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/chain-reactions-hydrogen-bromine-reaction-pyrolysis-of-acetaldehyde-decomposition-of-ethane/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/photochemical-reactions-hydrogen-bromine-hydrogen-chlorine-reactions/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/general-treatment-of-chain-reactions-ortho-para-hydrogen-conversion-and-hydrogen-bromine-reactions/


 Apparent Activation Energy of Chain Reactions .......................................................................... 362
 Chain Length ................................................................................................................................. 364
 Rice-Herzfeld Mechanism of Organic Molecules Decomposition (Acetaldehyde) ...................... 366
 Branching Chain Reactions and Explosions (H2-O2 Reaction) ..................................................... 368
 Kinetics of (One Intermediate) Enzymatic Reaction: Michaelis-Menten Treatment .................... 371
 Evaluation of Michaelis's Constant for Enzyme-Substrate Binding by Lineweaver-Burk Plot and

Eadie-Hofstee Methods ................................................................................................................. 375 

 Competitive and Non-Competitive Inhibition ............................................................................... 378
 Problems ........................................................................................................................................ 388
 Bibliography .................................................................................................................................. 389

CHAPTER 8 .............................................................................................................................................. 390 

Electrochemistry – II: Ion Transport in Solutions ....................................................................... 390 

 Ionic Movement Under the Influence of an Electric Field ............................................................ 390
 Mobility of Ions ............................................................................................................................. 393
 Ionic Drift Velocity and Its Relation with Current Density .......................................................... 394
 Einstein Relation Between the Absolute Mobility and Diffusion Coefficient .............................. 398
 The Stokes-Einstein Relation ........................................................................................................ 401
 The Nernst-Einstein Equation ....................................................................................................... 403
 Walden’s Rule ............................................................................................................................... 404
 The Rate-Process Approach to Ionic Migration ............................................................................ 406
 The Rate-Process Equation for Equivalent Conductivity .............................................................. 410
 Total Driving Force for Ionic Transport: Nernst-Planck Flux Equation ....................................... 412
 Ionic Drift and Diffusion Potential ................................................................................................ 416
 The Onsager Phenomenological Equations ................................................................................... 418
 The Basic Equation for the Diffusion ............................................................................................ 419
 Planck-Henderson Equation for the Diffusion Potential ............................................................... 422
 Problems ........................................................................................................................................ 425
 Bibliography .................................................................................................................................. 426

INDEX ......................................................................................................................................................... 427 

https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/apparent-activation-energy-of-chain-reactions/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/chain-length/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/rice-herzfeld-mechanism-of-organic-molecules-decomposition-acetaldehyde/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/branching-chain-reactions-and-explosions-h2-o2-reaction/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/kinetics-of-one-intermediate-enzymatic-reaction-michaelis-menten-treatment/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/evaluation-of-michaeliss-constant-for-enzyme-substrate-binding-by-lineweaver-burk-plot-and-eadie-hofstee-methods/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/competitive-and-non-competitive-inhibition/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/problems-chemical-dynamics-ii/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/bibliography-chemical-dynamics-ii/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/electrochemistry-ii-ion-transport-in-solutions/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/ionic-movement-under-the-influence-of-an-electric-field/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/mobility-of-ions/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/ionic-drift-velocity-and-its-relation-with-current-density/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/einstein-relation-between-the-absolute-mobility-and-diffusion-coefficient/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/the-stokes-einstein-relation/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/the-nernst-einstein-equation/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/waldens-rule/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/the-rate-process-approach-to-ionic-migration/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/the-rate-process-equation-for-equivalent-conductivity/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/total-driving-force-for-ionic-transport-nernst-planck-flux-equation/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/ionic-drift-and-diffusion-potential/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/the-onsager-phenomenological-equations/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/the-basic-equation-for-the-diffusion/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/planck-henderson-equation-for-the-diffusion-potential/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/problems-electrochemistry-ii-ion-transport-in-solutions/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/bibliography-electrochemistry-ii-ion-transport-in-solutions/
https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/index-a-textbook-of-physical-chemistry-volume-1/


https://www.dalalinstitute.com/books/a-textbook-of-physical-chemistry-volume-1/
https://www.dalalinstitute.com/books/a-textbook-of-inorganic-chemistry-volume-1/
https://www.dalalinstitute.com/books/a-textbook-of-organic-chemistry-volume-1/
https://www.mandeepdalal.com/

	A Textbook of Physical Chemistry – Volume 1  by Mandeep Dalal: 


