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mathematical relation

n=3,14159265359 , e=2,71828182846
logarithem and exponentials

Inx+Ilny = Inxy
Inx -lny =1In(x/y)

Inx =(In10)log x=2,302595 lqg X

X Z X Z
e X .e? .e 2 b
X X
eX/eY=e "= y
deravatives

d(f+g) = df + dg
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d(f.g) = fdg + gdf
d(f/g) = (l/g)df- (f/g’)dg
df/dt =( df/dg).(dg/dt)
[0y/0x)] 2 [0x/8Z)y[0Z/0y ]y = - 1
(0y/0x)z = 1/(8x/dy) 2
dx" /dx =nx ™"

X ax

(d/dx). e™=ae
dinx /dx=1/x

integrals

[ x".dx = = "+ const

J (1/x).dx = Inx + const
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I[x .e .dx =
n+l
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RT =2, 4790 kj / mol

RT/F =25,693 mV
1eV=1,60218.10 "]

= 96,485 Kj . mol™
= 8065 ,5 cm’!
lcal = 4,184
lat =760 mmHg =760 Tor =101,325 Kpa
1Cm™=19864 . 10 2
1debye = 1 D=3,33564 . 10 -30 coulomb metre

1A°= 10" m
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IL.atm = 101,325
@i 1j= lkgm®S?
s IN=1Kgm.S§?
A 1Pa = IN. m? =1Kgm".S? =1j.m-

IV=1j.C"'=1Kgm*.$*. A"

Symbol

T-G- M-K - Da- d - C - m
Tera - giga- mega- kilo- deca - deci - centi- mili
102 10 10°-10° = 10% 10~ 10% 10°

po-omo-op
micro - nano - pico
o= [0 0%

A gl 538 aga
ae 5y 5500 NA=6,02.10% mol

Gaaad (6880 ila 0 Sed 5 2= 980,665 cm . Sec ™!
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R=P VYT

L 5 piuasa il p* =760 mmHg =1,01325 . 10 ° pascal=
=lat = 760 torr
=224L
T%= 273K0
Cull agee g EaR = PPVO/T0=1,987 cal . g;rad' moll
=8,314j.grad” . mol” = 82,0597 cn’. atm .grad”’ mol

— 0,082 L. atm .grad "', mol™ = 8,3147.107erg.gra” . mol!
RT = 2,4790K;j / mol( T=298K")
RT/F=25,693 mV

ae 53l 8 3F =96500 C /eq = 96500/ eq =23062,3cal/eq
i (e 5l g2 K=R /NA=1,38045 .10 ° erg .grad ™
z e 0s 8 5 =1,60206.10-19C=4,8029 € .5 . U

i S h=6,6252.10 7 erg . Sec
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A gled gigiaaS (S8 ped g2

ae 5,8 5 JaNA = 6,02214179 .10 * mol”
AL clla 3 sf 3 (o sig S my= 1,672621637 .10% kg
AYS (5 5issis-m, = 1,674927211 . 10 “kg
AL Clla 3 S 3 S 3-m, = 9,10938215. 10 g
z ks siasS S5 s -e= 1.602176487 .10™°C
s 535 2F=NA . e = 96485,3399 C . mol”
culls S3da-h = 1,054571628 .107%s
h=h/2n=
Cie oS Uy 2 S 45C"=2,99792458 . 10° ms™
el (e 31 k= 1,3806504. 107 k!
il gasee 5ige3R= NAk = 8,314472jk" mol” -

s 358 Sax(permeability), po= 4m . 107 NA™
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o a3 xpermittivity), ¢= 8,854187816 . 10-12 C5'm!
JdsSosy

glad )9 329 = goh¥/ m me.e = 0,521917720859 .10"°m
252 058 uy = eh /Amm, = 9,72400915 . 107 T
OsuBa (b 3y (me / mp)pp = 5,05078324 107 §T!
Geaad 3 ik Ja gioo 31 3 3 g = 9,80665 ms™?
il oila 2 (Sad s g=6,67428.107 N . m? kg2
2y S a5 0 U = 1,660538782. 107 kg -
S 2, R=m, .¢* / 8h°Coey’
RT/F =25,693 mV

useful Notation
lev=1,60218 . 10™°J = 96,485 KJ / mol= 23,05 keal.mol” or to

the energy of a quantumof light of wevlength1240nm or wavenumer
8068cm™

Molar volium of ideal gas at 0C° is 22,71108 L.mol"!
0C°=273,15k, 100C° = 373,15k

angstrom = 10" m , note that ms™= ( milliseconds)”
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but m.s” = meter per second

Region of the electromagnetic spectrum

viwz 10°-10" | 10".10%] 10" -10" | 10"-10"
Am  ai0l3000 | 2003000 | 0o 60007 | 6910 200"

1
o Cm™  go33-33 | 33330 | 330-14500 | 1450050000

........................ Ko snansnssmenisiloisuassianan Rasvassshs Sravasls
molecular| rotation of |  rotation of | viborayion| electronic
process | polyatomic]| smal | offlexible| transation

molecule] molecule | bonds

...............................................................................

Base Units prefixes

SI Base Unites

length meter m

mass kilograms kg

time Second N
Electric current Amper A

Amount of substance mole mol
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43 gaal g (e
Frequency hertz Hz =S
Force Newton N=m.kg S
dyne dyne =10 N
energy joule j=N.m=kg . S

erg = erg =107

electron volt eV =1,60218 .10-19]

calorie cal =4,184)

bar I  barl = 100j

atomic unit au 4,35974394 . 107 j

power wat w=j.8'= VA
Volume liter L=10"m’
Presser pascal Pa =N.m
Bar = 10° Pa

atomosphere atm = 1,01325 bar
Torr =( 1/760) atm

mmHg = Torr
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electric charge coulomb C = As

electric potential - e.m .f- Volt VvV =jC"

electric resistance ohm O=V.A"
electric conductance Siemens S=0
electric capacitance farad F=C.V'

magnetic flux density tesla T=VSm™
gaus G=10*T
inductance henry H=V A'S

electric dipole moments Colombmeter = C .m
debye D=3,3356.10>° C.m
magnetic moment Am”=j T
Greek Alphabet
Alpha A (o) Eta - H(mn)

Beta B (B) Theta- ® (0)

Gamma I'( y) delta- A( 8)

Kappa « ( k) Epsion - E ()
Lamda A(\) Zeta- Z (§)
Nu N(v) Tau T (1)

Phi® (¢ ) Rho P(p)
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Psi ¥(v ) Sigma £ (0)

Omega Q (D) Mu M ()
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Message from the Ministry of Higher Education

In history,books have played a very important role in
gaining, keeping and spreading knowledge and science;and they are the
fundamental units of educational curriculum which can also play an effective
role in improving the quality of Higher Education. Therefore, keeping in mind
the needs of the society and today’s requirements and based on educational
standards, new learning materials and textbooks should be provided and
published for the students.

I appreciate the efforts of the lecturers andauthors and I am very thankful to
those who have worked for many years and have written or translated textbooks
in their fields. They have offered their national duty and they have motivated the
motor of improvement.

I also warmly welcome more lecturers to prepare and publish textbooks in
their respective fields so that, after publication, they should be distributed
among the students to take full advantage of them. This will be a good step in
the improvement of the quality of higher education and educational process.

The Ministry of Higher Education has the responsibility to make available
new and standard learning materials in different fields in order to better educate
our students.

Finally I am very grateful to the chief of German Committee for Afghan
Children, Dr. Eroes, and our colleague Dr. Yahya Wardak who have provided
opportunities for publishing textbooks of our lecturers and authors.

I am hopeful that this project should be continued and increased in order to
have at least one standard textbook for each subject, in the near future.

Sincerely,
Prof. Dr. Farida Momand
Minister of Higher Education
Kabul, 2015



Publishing Textbooks

Honorable lecturers and dear students!

The lack of quality textbooks in the universities of Afghanistan is a serious
issue, which is repeatedly challenging students and teachers alike. To tackle
this issue we have initiated the process of providing textbooks to the students
of medicine. For this reason, we have published 176 different medical
textbooks (95 books funded by DAAD, 80 books funded by kinderhilfe-
Afghanistan) from Nangarhar, Khost, Kandahar, Herat, Balkh and Kapisa
medical colleges and Kabul Medical University. It should be mentioned that
all these books have been distributed among the medical colleges of the
country free of cost. Currently we are working to publish 20 more non-
medical textbooks for Nangarhar University. All published medical & non-
medical textbooks can be downloaded from www.ecampus-afghanistan.org

The Afghan National Higher Education Strategy (2010-1014) states:

“Funds will be made available to encourage the writing and publication of textbooks in Dari
and Pashtu. Especially in priority areas, to improve the quality of teaching and learning and
give students access to state — of — the — art information. In the meantime, translation of English
language textbooks and journals into Dari and Pashto is a major challenge for curriculum
reform. Without this facility it would not be possible for university students and faculty to access
modern developments as knowledge in all disciplines accumulates at a rapid and exponential
pace, in particular this is a huge obstacle for establishing a research culture. The Ministry of
Higher Education together with the universities will examine strategies to overcome this
deficit.”

The book you are holding in your hands is a sample of a printed textbook. We
would like to continue this project and to end the method of manual notes and
papers. Based on the request of Higher Education Institutions, there is the
need to publish about 100 different textbooks each year.

As requested by the Ministry of Higher Education, the Afghan universities,
lecturers and students, we extended this project to the non-medical subjects
e.g. Science, Engineering, Agriculture and Economics.

I would like to ask all the lecturers to write new textbooks, translate or
revise their lecture notes or written books and share them with us to be
published. We will ensure quality composition, printing and distribution
to the Afghan Universities free of charge. I would like the students to



encourage and assist their lecturers in this regard. We welcome any
recommendations and suggestions for improvement.

It is worth mentioning that the authors and publishers tried to prepare the
books according to the international standards but if there is any problem in
the book, we kindly request the readers to send their comments to us or the
authors in order to be corrected for future revised editions.

We are very thankful to Kinderhilfe-Afghanistan (German Aid for Afghan
Children) and its director Dr Eroes, who has provided fund for this book. We
would also like to mention that he has provided funds for 80 other medical
textbooks in the past three years which are being used by the students of
Nangarhar and other medical colleges of the country. Dr Eroes has made funds
available for 20 additional books which are being printed now.

[ am especially grateful to GIZ (German Society for International
Cooperation) and CIM (Centre for International Migration & Development)
for providing working opportunities for me during the past five years in
Afghanistan.

In our ministry, I would like to cordially thank Minister of Higher Education
Prof Dr Farida Momand, Academic Deputy Minister, Prof M Osman Babury
and Deputy Minister for Administrative & Financial Affairs Prof Dr Gul
Hassan Walizai, Acting Chancellor of Nangarhar University Prof Dr M Taher
Enayat and lectures for their continuous cooperation and support for this
project.

I am also thankful to all those lecturers that encouraged us and gave us all
these books to be published and distributed all over Afghanistan. Finally I
would like to express my appreciation for the efforts of my colleagues
Hekmatullah Aziz, Ahmad Fahim Habibi and Fazal Rahim in the office for
publishing books.

Dr Yahya Wardak

CIM-Expert & Advisor at the Ministry of Higher Education
Kabul/Afghanistan, June, 2015

Office: 0756014640

Email: textbooks@afghanic.org



Abstract

This book named “Physical Chemistry IlI” contains some important
topics of chemistry such as chemical kinetics and catalyst, spectroscopy,
mass spectroscopy, atomic spectroscopy, molecular spectroscopy, infra-
red spectroscopy, electronic spectroscopy, radio spectroscopy, NMR
spectroscopy and chromatography. These topics have played a decisive
role in development of chemistry and modern chemical technologies.
The laws of chemical kinetics help us estimate the life cycle of some
chemical material found in nature such as rocks and other historical
assets. By knowing the chemical composition of fossil, it is possible to
calculate their age .Chemical composition of matter can be determined
with the help of spectroscopy. In the mixture of chemical compounds
the quantity and quality of each can be determined using different
methods of chromatography. It can also help us in separating different
components of the mixture from each other.

I am hopeful that most of the readers will benefit from this book.

Prof. Dr. Khair Mohammad Mamond.
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