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1.2 The Gas Laws
Elements that are gases at room temperature are all non-

as He, Ar, N, and O, Compounds that are gases at room,t&mm
are all covalent compounds e.g. COy, 802, NH3. that contain two or
more non-metals. Common gases at room temperature include Hp, Oz,

etc.
Generally, these gases have relatively small atomic or molecular
weights.

There are four major parameters or measurable properties that can be
used to characterize a gas ich are it

- the volume (V) i)‘r::i i vy gt

- the pressure (P)
r1!j?i_'pite_l’*n;_!efa\turea (T) and




oo‘_

Our discussion will be based on Gas. The name Gas was derived

- from a Greek word "chaos" meaning disorder. Gases exist in a state o
of disorder of collectioh of particles whiE:h are in constant and random
‘motion. Gases are easily expandable and compressible unlike sollds

and liquids. Gases have a measurement of pressure. Pressure is

defined as force exerted per unit area of surface. Gases has a low 5
density because its molecules are spread apart over a large volume.

A gas will fill whatever container that it is in for instance, if a bottle of

Ammonia (NH,) is being opened in a room, it is seen that the smell

(odour) travels throughout the room.

<

The kipetic molecular theory is the bases of the many properties of

gaseg which are:

(1) (Gases are composed of molecule's whose size jg_negligible

Introduction to Basic Physical Chemistry Page3




e tempe i’e Gases are much srirhﬁler tharn
“ﬁ;&s in "“5")’ ways such as follows:- ——

In tierms of temperature and pressure, gases behave MW'
predictable than _solids and liquids. :

I

- Motion in gases is totally random and the forces of attraction
between gas molecules are so re so small that each molecule moves
_fregly and essentially independently of other molecules.

It is very important to know the kind of element or compounds that are

gases at room temperature, they are thus:

NH; (ammonia)
N, (Nitrogen)
02(Oxygen)
F, (fluorine) and Ne(Neon)

Properties of Gases
(1) They expand to fill their container

(2) They are easy to compress

Introduction to Basic Physical Chemistry




L ﬂfwhlch we are going to look into.

1.4 Boyle's Law
This law was postulated by Robert Boyle. He studied the behaviour of

gases systematically and quantatively It was published in 1622
Boyle's law describes the |w1mauelangnsmp_benmmn

| of a gas.

Boyle's law states that at constant temperature for a fixed mass, the

absolute pressure and the volume of gas are inversely proportional.

P =k
P = VPk - - - - - - - -

(2)
Where k = constant value representative of the pressure and

volume of the system.
P = the pressure of the system

Introduction to Basic Physical Chemistry




Boyle added a mercury in a tube and found out that the pressure
exerted on the gas by the méfc‘ury added to the tube as equal to

atmospheric pressure in 2A. As more of the mercury is added, he

found out that the volume was decreased and in unequal levels of
mercury in the tube. This he also noticed in 2C an

d 2D that there is
increase in pressure when more mercur

y was added and Consistently,
the volume decreased. Also if the press

sure was decreased the volume




'_" and after amount of gas where “ha

eratures are the same (heating and cooling will be

his condition) which related by the equation.

P1V1 = P,Vs.

1.5 Charles law
Just as Robert Boyle made effort to keep all properties of the gas
constant except for the pressure and volume, so Charles Jacques took 1

care to keep all properties of the gas constant except for temperature

and volume. This law was prompted because hot air balloons were
extremely popular at that time and scientist were eager to imp_rgy_e_me_f

performance of their balloons.
Charles used the same w as Robert Boyle. A quantity

of gas trapped in a J-shaped glass tube that was sealed at one end,

his tube was immersed in a water bath of changing the temperature of

troduction to Basic Physicai Chemistry



v eV .= volume of the gas

: T emperaturé of the system -
We can compare 2 sets of volume- temperature conditions for agiven .
sample of gas at constant pressure, we can write

&9
Vi
T, = K, and Y2 2k, bt e
T,
V, Vs
_TT_ g T2
Where V,; and V., are the volume of

the gases at temperatures T4 and
T>.

"
A
-

mperature and
volume of a gas. A drop of absolute temperature

brings about a
Proportional drop in volume. The volume of a gas increases by Y273 0f

its volume at 0°C for every degree Celsius that the temperature rises.

Charles law described the direct relationship between te

Introduction to Basic Physical Chemistry




k¢ b T HE T R '1 <
a1g m ! 2 ur til they i-on,:. a-a sa—' ot wiain S¢

" r molecule) 'However to move as the_y the
requ ires ﬁnmic en rgy which is measured b!_tgm_,,[e. 30 the
\@lume and tem__mzature are very closely related. If the tt’ﬂ'ﬂll'efa"«'i'é
ms as not sufficient, the molecules Wbm\w

weak forces of attraction among them and would not be_able to fill the

oontalner
4 plot of volume against temperature will give a straight line graph

from origin thus:

T

Charles law only work when the pressure is constant.

1.5 Gay-Lussac’s Law of Combining Volumes

it is used for each of the law relationship named after the French

Introduction to Basic Physical Chemistry



: — — —_— d q T

L = - 7._ - . v-\_-

F .IJ I, -;l‘_-rl ! Idl, ] .I | I h *1 TS ‘ I

) - L] 1 Bl =
o =hp T

tj:lat (by A:vagadree Iaw) e P =
_(_gt the samé te 'W i !

of Whg@_ms_ This is_known as stiochiom . |
he chemical equatlon fm

_@emlcal reaction and is expressed through t
the reaction.

€

V a number of moles

Gay-Lussac’s Law of Pressure and Temperature
He also postulated as a relation between pressure and temperature.

ie. Pa T
K, K,
_ P1 = T and Pz - 15
ButK,; = K,

Where P = Pressure
T = Temperature

K Constant of proportionality

introduction to Basic Physical Chemistry/
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1.7 Dalton’s Law
It states that the total pressure exerted by a wm@ﬁm |

to t! the sum of the partial-pressure of eggun_dmniuaL__mDﬂﬂﬁﬂu“_m"
gas mlxture This law was observed by John Dalton in 1801 apd is. . _
related to the ideal gas laws. TW :
two gases A and B, ressure exerted by A alone and also B alone:is
e.exerted by A and B together.
ual ur er : sl

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

ie.
lle r‘

This_law is useful fgL_gglgulatLDg_Mﬂlumes of gases

water. The composmons of gaseous mixtures are often expressed in

—————
percent by volume: In some cases, We found ourselves using it to work
fcem by vor

artial volumes, which is also acceptable. The pama\ volume of

with p
each component wwmn which the

cmnponewge,ww it were pres,em_akLe af the total

Page 1’1'
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Avogadros law=V a n

We combine all the three expression to for  a single master equation
S J |

_for the behaviour of gases

T
V a b : —
< P
nRT b
V =
P
PV = nRT - - - - - Gas equation

Where R = proportionality constant (Gas constant) with value of
(8.314472JK 'mol™). This equation describes ‘he relationship among

the four variables, i.e. pressure (P), volume(V), temperature (T) and no

of moles (n).
it is used in solving many problems conceming gases. Because it
f the variables present in gases that is how the gases

covers most O

introduction to Basic Physical Chemistry



4141 = 0.08205Latm
| mol K d
PV  1atmx 22.414L ‘.
NT 1 mole x 273.15K
= 0.08205Latom.mol K.
R can now be expressed as:
Litre atmosphere per mole per Kelvin

R -

i.e. Latm mol 'K
we can also generate a formula that convert two different sets of

‘oondition.

Final

PV, = nRT:
Initial

P,V, =n, RT;

Final

P,V, = nRT;

initial

P4V PaV2

—_—

nqTy = naT2 = For 2 sets of conditions

introduction to Basic Physical Chemistry
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it twice because of the initial and final temperature given i.ﬁ.

s

= 297K

T, = 24°C =  24+273
T, = 30 - 304273 = 243K
Vi = 2.50L
V1T2
2 = = 2.50L x 243K
T+
V, =  2.054Litres 297K
Exercis:
(1) Ifan aerosol can contains a gas at 1.52atm pressure at 22°C,
"in the can if it is dumped into an

what will be the gas pressuré |
Hint: for a fixed amount ofgasina

incinerator at 935°C (
pressure Is directly proportional to Kelvin

constant volume,
Page 15 -
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Mcx At face one there is____&erfectly elastic collision _so_that
reverse of the momentum is - MC,. This result in -a- m
change. Change in momentum= MCx - (-MC)) = ZMCx Aﬁef collic
-wnh face one, the molecule travels a distance 2L (e 2 trénsfér ons)
bef-ore it could collide agaén with face one again. This takes a time t,
which is given by =2L1k:x. we need to get the pressure but we needtb
know the force and we can work it out by Newton 1l, consider thé

impulse which is the change of momentum. Change in |l, consider the
impulse which is the change of momentum. Change in momentum =

Impulse A=FT

Rearranging gives us F = change in momentum
change in time

the molecule to move up the box to

Time interval is the time taken for
the far end, bounce off and come back again.

Distance 2L
Time = L e S
Speed Cx .
Page 16
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> 'QW h moleeule oF gas, the pressu

' -:_P- R : .__.._._.__NMC?" o STty el e
I Vo L e e
Now L? is the volume of the gas, so we can rewrite the equation as .
L* = Volume (V) -l
P =  NmC? e oy
V
Where N = number of molecules v
M = mass of one molecule :
Recall that Nm = M = molecular mass
The term (Cyx) (square bar') is called the mean square spf_g_q_g‘!_

molecules in the x-direction. The bar is written over the C However,
ntainer and very few

the molecules are moving randomly in the €O

e
would be moving exacting parallel to x-axis. However, we can consider

each molecule’s velocity to be the resultant of three component Cx, Gy,

C as in two dimensions, the three component'can be combined by -

ras to the resultant velocity
L R page 17
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: Cx ='Cy2 =X

So we can rewrite
C2 = 3Cx2 =-C12 = 1]3-C2

So our final equation becomes

1 2
p = ANMC = py = %NMC’ <
V
Where N = total number of molecules

mass of one molecule

However, we can GO shead since Nm.is the total mass
gas and V is the volume we can express the pressure in s

terms of the density.
&P mass Nm .

Density =
/ Volume \Y/
__

M —
of the

introduction to Basic Physical Chemistry




1.10 Avogardo's Law : |
" We can illustrate this law by considering a balloon containing a certain |
mass of gas. If we add more of the gas to the balloon while keeping
the temperaturg (T) and pressure (P) constant, the volume of the gés_
(V) will increase. It was found that the amount of gas in moles is

proportional to the volume at constant P and T.

n a V(T and P constant)

V=nK (K = proportionality constant)

T and P

T, SR T o e USRS TS N
Introduction to Basic Physical Chemistry




ﬁ‘l Gmham s law of Diffusion
The law states that at constant temperature and pressure, the laiad

diffusion of any gas is inversely proportional to the square root of its
density or

molecular weight of the gas. | |
Recall that PV = 4MnC? or ideal gas equation
3PV

C?’= Mn  where Mn = total mass of the gas

but Mn = density (e) of the gas
Vv

= C =v3Ple
or ¢
root mean square speed of a gas in terms of pressure (P) and density

(e) can

_; ——— - —. —
Introduction to Basic Physical Chemistry Page 20
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"‘“.‘,— ire

Root mean square speed in terms of molar mass (M) and

z m | A -"'- 47 T
: 2 . Y ' 1
L ; mNC? Fundamental gas equation | - ‘
‘ 1
PV = nRT (Ideal gas equation) - o
nRT = /3 mNC? _
butn= _N_L where L= Avogadro's number |
N = No of molecules

NRT = % mNC?
me N3RT _ 3RT

s - ) Seeea———

mL M

where M = molar mass

1.12 Deduction for Kinetic Theory

of N molecules is directory proportional to the

If the kinetic energy
—————————— T T T
Page 21
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Ve tio i_lﬁﬂm continued gas law. In Avogardo's lawV

rV=kn. We can go ahead to multiply the combine of gas law

N w lich depicts the number of moles and # that is done, the
tion can be written as PV

T
niversal constant in place of K

T (ideal gas law)

g

quation can be rearrange to solve for R

= nR

Page 23



Download more at Learnclax.com



Whera,_@_ﬂlves the fraction of the molecules in energy state:

while the summation Ce™ signifies the molecular partition »

m ca
molecules are partitioned among the various elm ]

ision whenever the centres of two molecules come
some distance (d) of each other where d is taken as the
W.’Iw appmadi to the problem is to freeze the positions
ms except the atom of interest and observe what
as the force one transcends times At by so doing it
it a ‘collision tube’ of area 8 = nd?, length CAt and hence
SAt. & which is labeled the collision cross-section. The
slecules with centres inside this volume is SCAtN,

the number of molecules per unit volume and so the
cules per unit volume while the number of collision

collision frequency (no of collision per unit time) is
ses from the supposition that more than one or all
%a static in position then the-C in the equation
erage relative speeds of the colliding
_ tpken lnto account it will then tum out

mplace with v2C making the collision




-

The above equation represent the number of collision @
single molecule makes. We can go ahead to get the total
collision made by multiplying by % N (this is to ensure that
the collision A, A’ are counted as only one collision.

. Collision per unit volume per unit time is given as
Zaa = %25 = BC (NWYNZ

: .que of C to be used here is

= W) = [ fvdc=

T LUy o nm
Hence we conclude that ~ ~
T FREN S ﬁ,___?‘(IIK'ﬁr;;n)” (NP, |
.17 Collision with Walls and Surfaces
r!ﬁ‘ a wall of area A perpendicular to the X-axis. In the

here are N molecules pet unit volume, If the molecules has
Vi ﬁﬁng between (x) and as, it will strike the wall in a time
~ within a "distance. Vit of it (note if the molecule has a V,

BKT )2

& nd oo lt is a wrong direction). So all molecules in the
ocity in the right direction, will strike the wall in

l number of collision is No of collision = AAt

R
Q.,\ﬁ o0 a—"“)"" )
. —> n-@w ¢ B o

'I'
evall ated using the explicit form of the

| Pa 26



[ Vaftvdv, = (mznkTy* | V,exp (e nf2KT o = (KX 2meerf”

No of collision per unit time per area is
Zy, = (KT/2nm)” NIV = Y% C NN
Note: the number of density N/V can be converied o af S/ resson
in terms of the pressure by writing.
NN/ = P/KT and so
Zo = YaPC/KT = PlynmKT)”

Vander Waal's Equation

1 of state for a fluid composed of particles that nZ/e
2 e - e

:lf-.)lt.' penwise attractive ,I__‘- -paricie fO 8 (SUCE 4%

between them.
rm of the equation is

"E/-b‘] =0 KT

_'ﬂre of fluid
> of the container holding the particle divided by the

umbe of particle.
Boltzman constant
Absolute Temperature
ul df attraction between the particles
age volume excluded from a particle




Upon introduction of Avogardro's constant Na,
and the total number of particle (nN,) the equation can e taken into
the second form. '

g -

Where P = pressure of fluid
= total volume of the container containing the fluid

! =  measure of attraction between the particle

i - n' mzai
volume excluded by a mole of particle

nRT

= : -'i"Ju.: of moles
1 _I . ]
: .I._.II ﬁ@nﬁaﬂt

absolute temperature
destruction must be made between the volume available to

d t'__méﬁvolume of a particle in particular. In the 1 equation,

ree space, available per particle. This V is volume of the
ded by the total number (nNx) of particle.

r b' on the other hand is proportional to proper volume of

le. The volume bounded by the atomic radius. This is the

tracted from V because of the space taken up by one
b" . - -
Vander Waals equation, we can derive varnous

Page 28




. The pressure P goes 1o infinity when the cont iner Is completely
\lﬂh particles 80 that there is no void space left for pal i
occurs when V = nb.

1o !‘;ﬂill' The reciprocal g viscosity ia fluidity.
|

- Fast layer

v z...-......l

—»

( tructure, molecules travelling from the right (i.e.
"’I a alower one), transport a momentum MV,(3) 0
r at '_ = 0 while travelling from the left transport a

L—k

» the density is uniform, the collision fluix is

I- g

Ilf

 the right on average, carries a momentum.

om th
MV, (0) + M (v )
il dz

in the z-direction is § = {4 NC.x (0) qu— )

et
Il.

“page29



KERr s

_  '. b i av,
. L dz

s of perfect gas) and multiplied by -l
From

wert the above equation into
] by using Nm = nm and [A] = nlv
sncentration of the gas molecules and m is
his expression can be analyzed as flows:

[A] o P, it follow that }a C., which shows that g is

ent of P, i.e. I viscosity is independent of the pressure.

~A Va i /:
q‘ i.e. Ia the viscosity of a gas increase with

S
mpe 'rature

Law of Equipartition of Energy

- _aw' makes it ~ossible for the thermal equilibrium for the total energy
4 by the molecule into
and vibrational

ated to component

e have

Slauonal kmetuc energ
velocity. SO that W

y in Spaceé is rel

y/, MC?y * /2 MC?

v, MC? while (KEYY
The %, Y and Z
KEX + K E)y *

v, M we have 1, MC?*= /2 MC? +

) of the gas molecule 1S

ergy (ET) =




| = . a_ Bal

Ons are all equivalent, by principle of
PR = ) which is same as K.E, =KE,:KE
=%KT and KE, KT o

‘l Liquefaction of Gases.
- . tion of gases deals on the number of phases used to convert a
gas into a liquid state. Many gases can be put into a liquid at normal

atmospheric pressure by simple cooling but some few others such as carbon

- dioxide requires pressuration.
Liquefaction is used for analyzing the fundamental properties of gas
molecules (intermolecular force) for storage of gases as in refrigeration and

air conditioning. There the gas is liquefied in the condenser, where the heat

of vapourization is released and exporated in the evaporator wherathe heat

of vapourization is absorbed.

n is provided to hospital for conversion for patients s
problems and liquid nitrogen is used to freeze semen.
for water purification, sanitization of industrial
orine could also

Liquid oxyge uffering

from breathing
Liquified chlorine is used
wasle, sewage and swimming pool treatment. Liquified chl
be used for ble
carbontetrachloride,

aching of pulp and textiles and manufacturing of

glycol and many other organic compounds as well as

phosgene gas.



ot mean square speed

,E- | ' v 2'7_7 . { ;
LS L 4o+ 2 = 10(5x102)+7(7x10%+5(10x10%) -'|
N 22

D e - .
R s 18341.4m/s

l-r;‘l‘ -, R i
‘What is the density of a gas at a pressur
~the root mean square velocity of its molecules is 3.x10 = M/S

e of 10° N/M when

~ recall Pv = %mnC”.
' Ao - mn 3p
_ - Density = T =

. _ 3(10°) = 3.33x107kg/m
" . - Il' ‘3x102)2 &

B

n to Basic l’hyslal Chlsty
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at S T ¥ ) ke and 1 atm 2.016g of hydrogen
P. which is 2400cm” or 22 4dm’

~ 2.016
= 9.0x10%g/em’.

v 22400Cm*

 root mean speed (C)

" g

8RT
M

= 8x8.314x10'x273K = 2 869x1011
3.14x2.016g

= 5.41x10-5

n

e = 9.0x10-5

e 12.869x1011

;3 = 7
37

So * — __noting the original formula 7 = 14eCh
eC

We have 345 41X10” _ p285x107".

9.0x10’5x2.869x10“




[70 |80

nean square speed of the molec
of 27°C and

ules .

psed container at a temperature
% bar. The density of N is 1.25k

'square of the molecule.
Ich the molecules travels twice as fast as it was.

gm™. Calculate

=

jic Physical Chemistry page 34



“ ‘ Wmnenﬂam limits. A solution can also be

e : two or more substanonﬁ consisting of
4 e o the pamcles of the various substances
-~ ”MB n classified mixtures into homogenous or
s mixture. Homogenous mixture is a mixture in which the

ar size of the constituent particles ranges, from 1 milimicron (1 mu)

u with a uniform distribution. They cannot be separated from OnN€
other by ordinary mechanical, means. They form "true solution”, €.9-
tre SO

hE
a_s_gluthn of sugar in water.

in heterogenous mixture is greater than

The molecular size of the particles |
200mp. They may not be uniformly distributed and the, particles may be

£

e _———
arated _t_;_y___gl_rp_gle mechanical means.

~ sep
: Gene
4 isoLut
the solvent i
may exist in soli
exists when the sol
en the solute is com

SOLVENT and
e

s of a solution are

rally, the two major component
hat dissolves in the solvent wh

E. The solute is the substance t
s the medlum in which the disso

d, Ilqwd of gaseous phase. The solid_phase W

phases of the solution occur

lution takes place. A solution

ution is frozen. The liquid

pletely soluble In in_the solvent at room temperature.

a solution is noticeable when the solution s

5 composed of two substanc

wh
The vapour phase of

vawused A binary solution i
lChemlstry

es while ternary




Solution
Air
[ Carbonated drinks e.g.

CO; in H;0, Ozin HO

Gas Adsorption of H; by

L palladium
oy Liquid Alcohol in water
: Liquid Mercury in silver |
) Solid Salt in water
Solid Metal alloys |

-



This is the wei
S_O'uﬁ s Weight of the solute as 5 percent of the total weight of the
on. This i '
This is applicable when the molecular mass of the solute s
unknown during chemica) analysis.

% b .
° Oy Wi of solute - wt of solute 100

wt of solute + wt of solvent ’ 1
€.g. if a solution of NaC| is 48% NaCl by weight (w). it means wt of
NaCl =48 wt of solvent = 52

Problem: What is the 7 by weight (wt) of CaCl, if 5.60g of Cacl, is
dissolved in 25.50g of H,0

Solution:
% wt = wtof CaCl, 100
Wt of CalCl, +wt of H,0O
= 5.60 § 100 _ 18%
5.60+25.50 1

2.1.2.2 Molarity
Molarity is used in volumetric analysis to show the amount of

solute per dm? of a solution. It is the no of mole of the solute

present in 1000ml of the solution

M = Mass § 1000
Molar mass Reg.V.(in ml)
Moles of solute
M = molartiy = ,
Page 37
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Problem

Dﬁlﬂl’miﬂe the M‘V of a solution prepared by dissulvmg 68g of
pure HCl in of distilled water,

Mo!amy

llty sl ysical chemistry to express mass
centration. It is the n ofmole of the solute present in 1kg of

of a substance in a' solution is the no of moles of the

led by the total no of moles of all the substance present
{ .'.ﬁl!. is basically used in physical chemistry. The % by wt,
nolality, normality, mole fraction, do not change with change
ature of the solution.

sinary solution, the mole fraction of a solute is equal to number
les of the solute divided by the total number of moles of the

te ar ‘ \“ﬂ]ﬂ- solvent.

No of miples of solte o

'.“ —

.Y 'me- . . [ : ™ v R
o’ f - - - 'R - e . N - 'Y
: No.of moles of soiute =00 ol mo.g

'...x1= B xz_“i’:“:"

Ty =1 iyt ris

, nole :-ﬁ;éic'tlon' of solute |

_ '.f.i 'ﬁ"a‘aﬂm of solvent

no of moles of solute
‘ l noles of solvent

o

fcal Chemistry
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o
i

Determine the
n .
€ mole fraction of NaC| In 3 solution of Nz

Containing 22¢; NacC| by wt

=, b mass 22
—_— =
molar mass 58.5
78
Nz B e
18
0
X, _ 3761
02761 + 4.3333
2.2. Colligative Properties
Colligative properties are properties of a dilute solution that
esent given

solvent. The four basic colligative properties are

1. Vapour pressure lowering of the solvent

2. Boiling point elevation of the solution

Freezing point depressing of solution

3
! 4. Development of osmotic pressure.

2.2.1 Vapour Pressure Lowering of the solvent

" \Vapour pressure is the pressure generated when a number_of
o

vaporating We of the solvent or solution

\VVapour pressure lowering_of

molecules €
hit the wall of the Wel, of
y—"—’_—-’—

hysical Chemistry
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Selution
Pressure

Solution

tial vapol "}pmggro (V.P) of a non volatile
O the vay pressure (V.P) of the pure solvent
- mole tractio: ’;I_qftlie solute.

vent

o

n, the partial vapour pressure (V.P) of any of

P.Igr A0



s bz
" Relative lowering of V.P.

. LI Sl
experiment which gave an empirical relationship

vering of V.P. and the concentration of the solute in
ce Raoults's' law can also be stated as the relative
e solute is equal to the mole fraction of the

e

‘i
=

: 3
= oy



it e}

el S

e of 50

. ___ll.__.l,_,,_ |.. I;:“:
1
[ ey ?

of the solvent is "far far"
e i.e. n>>>n,.

W, =wt of solvent

W; = wt of solute
M, = molar mass of solvent

M. = molar mass of solute

' |

.|_i |['|



““- H I N .
W
T P
Question: 20
- S9 Of an
of ethanol e i | organic compound was dissolved in 2909
owering of V.P. of ethanol by O 005mmHg

Determ‘ C i
ine th

€ mole ar mas
t I ular mass of the organic compound if the V
of e hano soluble is 16.5mmHg | |

o T 20.5g
W, = 250g
ae., = 0.005mm/g
M, - 46g/mol
p° - 16.5mmHg '\;
M2 = WM, P° ,:I‘
“W1AP ‘
Mz = 16.5%20.5x46
250 x 0.005

ation of Solution

" 2.2.2 Boiling Point Elev
The rise_in temperature _of a liquid VIWQS about an increase
sure of the liquid. Fof a contin nual rise in temperatures

pour pressure of the liquid will

| MLQ ress
M g, the va
' il it becomes equal to the atmospheric pressure.

also continué to rise unti
re Qung,hﬂum is equal to the atmosp_here The




sure.

‘.g;;.;f;;;.‘? fo the liquid, the vapour pressure of
l'eqﬁre higher temperziure to raise the
equal to the atmospheric pressure. This
3 point .as a non-volatile solute is added to the

W boils. Boiling point elevation is the difference

 point of the pure solvent and that of the solution formed
ﬂen volatile solute.

= Tor - Teo or | AT,

T Ts

AT'I - T1 = To
Tey = boiling point of solution 1.
Teo = boiling point of pure solvent

ﬁm the graph of vapour pressure against the temperature, we

—~

[l
-

~

To

against boiling point

Page 44



Curve CD is curve of amuuan |
Curve EF is curv of solution 11
To= bomng gqum pure solvent ‘
Ty = boiling point of pure solution |

T2 = boiling point of solution |1

P?= vap. Pressure of pure solvent

P1= vap. Pressure of solution |

P2 = Vap. Pressure of solution Il

, Elevation of boiling point of solution | —» AT, =  T,-T, =BD
Elevation of boiling point of solution Il —» NG = T,-To = BF
' At To, the vapoure pressure of pure solvent, represented by B, G, and H
’ respectively

Lowering of V.P. of solution |- — P"-P,=/BG/
Lowering of VP of solution Il ~—»  PY-P,=/BH/

Bg F

E
,aimﬂar triangle formula
) v-!ir gl Ed .

EH TI';-TO P°--P2

AP

— 5 | APz an d the denominator of the right
' {C f N

Page 45
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angle side of equation above by P"

. O
ATby _ APy/P o | : (2)

ATb? /\p‘g/PU
Equation 2 shows that the boiling point elevation
e ratio as their relative lowering of

for the two

solutions are in the sam

vapour pressure and hence of vapour pressure of a dilute

solution.
ATy of, AP o Xy - - - =
PO
ATDOL X2
= kX, K = constant of proportionality

W2M1
for a very dilute solution

w2M;
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Ke

2.5k (M2 in g/mol).

2 - .
i 2.3 Freezing point Depression of Solution
reez
ing point |swture at which the solid Em_‘d state OF a e

ure
pure substance are at equilibrium. The freezing point can aiso be described
ata

as the temperature at which a liquid-substance ch es 10 |
ggven
N pressure. When a solute is added to the solvent, the vapour pressure

ading to a decrease in freezing point.
point depression of a solution is the decrease in the freezing

2 solution when a non-volable solute is dissolved in it. The
'_,.r_lnt depends on the moleWanon of the

>f the solution.is, called Cryoscopy.

ssion is the difference between the

of 1 e solution. A plot of the

e temperature of solutions can
tween the freezing point and that of the

ilar deduction as in the boiling point

—

: Pag




the cny 0sScopiC

yression constant or cryoscopic constant

e was dissolved in 80cm3 of benzene and

Zing po w' 0@ th? salutmn was found to be 250.50k while the

g point of mr\zeﬂﬁ is 252.55k. Density of benzene is 0. g5g/cm?2. If

i

SCOPIC mﬂl is 4.21k per 100g of benzene, calculate the molecular
ight of the natphelene.

~ r
&
| - - Page 49
g



ATe = 100K, w, 1

M, - W,
M; =
100kW, W,
W,AT,
M, =
100x4.21x2.05
r 0.85x80x(252.55-250.50)
c Pressure ‘
Wmem of solvent molecules through semn—penneab e
centration

er_concentration to a region of hlgher con
0 ‘ s when pure solvent is separated from its solution
able Mhma; In this case, some molecules of the solvent
i-permeable membrane to the solution. No
llowed to move across the membrane of the
involves two solutions which are
"brane that will only allow the solvent

mi-permeable membrane are animal

Page 50




olution is contained in the thistle funnel which is immersed in the
osmotic is set up, water molecules begins to move
m through the semi-permeable membrane
'e) to the thistle funnel containing the solution. Hydrostatic
S generated as a result of the differences in the level of sugar
he thistle funnel and the surface of the "pure” water in the
N Qg-q_iﬁerence in pressure between the solvent and the solution
d a particular value in which they are at equilibrium, there will be
ansfer of solvent molecule into the solution.

2 operating at this equilibrium point is the osmotic pressure.
. mn define osmotic pressure as the pressure which must be
2 solution to prevent the passage and the solvent molecule into

man the solvent of the solution are separated by a semi-
nembrane. Osmotic pressure depends- on the nature of the

amount of solute D not in the nature of the semi-permeable

- of unequal concentration are separated by a
Jidain L Page 51
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’fr_.‘._ -~1le w'n
from a dilute

I psp in the level of the more
asing the concentration of the Jinitially

‘attributed to the greater vapour pressure of the
olution. In attempt to equalize the pressure,

- pressure will move to the salution

A=A T A _
an be described as movement of solvent molecules
- of vapour pressure to a region of lower vapour
: __.s%ﬁ‘n—pémeable membrane. This means osmotic pressure

0 b , defined as the external pressure applied _to the more
ted solution to stop the movement of solvent molecules from a

vapour pressure to a region of lower vapour pressure.

amm—

ire can be determined by measuring the difference in height

f th solytlgn and the solvent. Itis represented by n from ideal
"‘l can be observed that n is directly proportional to the molar

W 4l
tion. ie n o C
ic pressure

i ical-Chemistry Page 52



W = massofsolute = w
M = molar of the solute = M

A/ = volume of pure solvent.

Question'

‘When 5.0g of rhyoglobi
ure .of the solution at 25°C was

n found in the muscle was dissolved in 60ml of water,
found to be 15.5mmHg.

the osmotic press
ecular weight of myoglobin (R = 0.050atm mol'K")

Calculate the mol

Solution:
_ 0.0850x760mmHg
y = 60ml = 0.6L
M = mRT
v

5 x 0.0850 x 760x 298.
Basic Physical Chemistry




INTRODUCTION TO THERMODYNAMICS

- System
= State \ariablos

i m: ‘um
Isc al and Adiabatic processes

‘l*hwofmermodynamu:s

2 for state change (PV- Type)

tion to Thermodynamics
Bs in physical and chemical reactions oOwe its study

'ﬂlermod’ynamlc Thermodynamics is based ON
1 do not contain time as a varable. During 2
sge from one state to another which is 2z factor of
. energy. Thermodynamcis on its own can o€
" of interconversion of energy which occurs in

cesses. Thermodynamics can be cjassrﬂed

¢ which is based on the equality of

lynamics which is based on direction of chemical

‘and conditions for equilibrium to occur.
iamic which attempt to simplify thermodynamic

Page 54



Wi

cs shall be Our main area of _oncenirabon

fore that, some thermodynamic terms neo:! 1o be o740

| ¥y L-' | r ‘\'., } :
stem can be said to be that part o .
. - be fthe universe 2 s wh the propertics

our interest is under i igati

- p nder investigation or study for every sy« lem, there s a link
0 the surroun
. ding through the boundary. The part of the Jniverse apant from

2 Sys tem : ,
- is called the ‘surrounding: and the separation between he

~ surroundi i :
srrounding universe and the system is known to be the ‘boundary . This

or

S

bo.' . » ‘
dundary or wall may be rigid, impermeable, permeable, adiabatic

diathermal by structure, Meanwhile, a system 15 affected by some propertie

e —
‘which are calculated via experiments. The system can also be in different

properties that

states. The state of a system is the nature by which all the

make up the system has a definite define value. There are different types of

systems which is determined simultaneously by type of wall or boundary

present.
(1) A Closed System: A closed system enclosed by an impermeable

wall is a sys}W may change but mass always remains

constant e.g. volatile liquid in a clo

atlie N
An Open System: An open system enchis

d energy are both exchanged e.g. a

(ii)

a system in which matter an
a Syslt ol

volatile liquid in a beaker.

An Isolated System: An isolated system _enclosed by an adiabatic
N

wall is a system in which neither energy nor mass can be exchanged.
ifferent forms of interaction with the

The boundary prevents d
2#
PageSS

(iii)

————————————————
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jutroduction to Basic Physical Che



Tt b
pri ,lw.'j 'IJ" Ll ,
e factors that explains the state
‘ number of moles (N’
e (), etc. They are likewise calle

n However, they are independent of how

d are exact differentials e.q P, V, T, E, (internal
energy». In state functions, there is
of state which brings' about the interrelationship
.gr state variables. Variables which depend on
em in oi.nwhg_r is refre to as
! 'fI(q)' and ‘work (w). The path functions have an inexact

1
T
Vs &5 1

krl

4

' sate variables path funcl 1= can be a exact differential
e path is specified. Ne'vertheleb..‘ ‘nder state variable, or

-

e

aniables, there are two types of thermodynamics properties

fotality of all the substange that make up or constitut—e——tr—\;
———a1€ Up or

of moles, enthropy, enthalpy, heat capaci&Zt_;_h L
fi” 1y

s

\ r
. ""a" o



31.2.2 In
pre therm ert
e substance thah nake ur
pr ressure, viscosity, C

mole. etc. =1

other thermodynamw

changes 311 Gl B
Isobaric process —» the
changes.

Adiabatic p

surrounding. Heat change s !

temperature.
Reversible proce '
remains uniform but at
Irreversible E
equilibrium. Al

action.

During the study
Certain sign con
by the system i

Ve ie -q, dg
W, dw>

¥ { 'HJ;
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n expe the change in heat energy
wh given out to the surrounding and the
M Via the mechanical part is 400J Calcate the
ding and determi s

. elermine the total energy, f the energy of

h.'lE.mhm + Eemal *Mechanical

Where Eema = change in heat energy and is equivalent to g

Emeen *change in mechanical energy of the surrounding
equivalent to W
.. Since heat is given out, q = -ve \

work is done on system, w = -ve
% Esumounding = Etnerndi™+ Emecn
=-(Q) *-(w)
=-(150) + - (400)
) =-550J
To get the total energy, we substitute'into the above equation
Etotal = Esysrqm + Esurmunding
=950J + -(550)J
=950J - 550J st a < R
= 400J
However, the first law can be represented as
dE =dq - dw
Where dE is _change in internal energy, d_cLis change in amount of heat

absorbed and dw is the small amount of external work done by the system
————— e

Introduction to Basic Physical Chemistry Page 59
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1 the 1% law of thermodynamics which are

T b
1

cludes al ww

.ﬁahmial energies of molecules, atoms,
— DI molecuies, = —
on. The internal energy is the same as

The actual value of the internal energy is

Drimary concern is with energy change AE

F'br ideal gases, change in internal energy

. This_is so owing to the fact that at

, kinetic enel_'gy is_constant and since ideal gas

- (e

2s, there is no change in potential energy




,-'— Heat change at constant volume (q, )
From 1 law,
AE = q-w
qg = AE -w
g = AE +PAV

l ] .
f the work is that done for expansion at constant pressure, then AV = 0
et

(constant volume process).

g = AE
Qv - AE

Therefore, internal energy which is a state function is now equal to the heal
absorbed at constant volume. Therefore, q__ni a state function.

—» Heat change at constant pressure: Enthalpy (H)

_, dE = gw |
When P-V work is done at constant AP, E =qg,—-PV - - -(1)
E, - E =g, — P (V2-Vy) where AE = EZE',
g, = (Ez + PV2) - (E1 + PV)
AV = Vz-Vi.

antities and a new state function

Heat absorbed is equal 10 difference of 2 qu

known as enthalpy (H) is introduced as

H=E+PV
is heat at constant pressure. Hence,

Such that gy =Hz —Hi = AE where Qp
V which are all state

it is a state function since its function of E,P and

function.
to Basic Physical Chemistry page 61
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v (2)

_ H from the aarliar

me and AE = Qp - PAV

YPAV (i.e. by the external workdone at
y PAV (i.e. by the extermn

nstant pressure processes are

operaiion are carried oul at

¥

with temperature. It's the amount of

s of substance. Heat.capacity may be

lich'is that capacity of 1g of substance, or
City which is heat capacity of 1mole of the

/ at constant P, Cp = heat capacity at

[ ] da, SH
& dr 5T |
_ 1

ymbol such as Cy 55 Cp which represent

1stant volume pressure respectively

';['.in_jtf)_ule/deg.mole) at 25°C

Page 62



2079

2887
29.50
3452
| Nitric pxide 2.75
Hydrogen chloride 2950 20,06 | 141
Ammonia 36.11 2749 \ 1.31
Methane 3598 | 2757 |13
Dimethyl ether 66.48 ‘157 53 1116

It can be shown from all indication that under kinetic theory, nal |

monoatomic ideal gases are given by “K ie. 1247, Jdeg mol

ideal/mog which is the value for argon, helium. For diatomic gases C
IS given by 5,K is 20.79J/deg/mol which is the value for Oz, HC

From all statistical and experimental clarification, heat capacity 1S

dependent on temperature so far as thermodynamic is concerms=ad
3.5. Dependence of Internal Energy on Temperature and

Volume.

AE =f(T,v)
Change in internal energy dE is given as

— [OE OE |dv
dE T drT +|—

but Cv = oT oV
dqv OE

dT v

intreduction to Basic Physical Chemistry



—d

pressure and depends oOn
.

al pressure is zero has he internal
s only function, ie E = f(T) only But
ue though they are quite small

nction of Temperature and Pressure

| to note that calculation of Cp is easy but evaluation

ard. Solids and liquids have negligibly small (dH/dp)y



w: : - gm m & nai
St D L “m! m voly ;

§ (VZ)itwaS me 1 '1.\‘1'\-' w0
B . T, differ from the initial temp. T, of which . ol
 are Cp, is constant P, is slightly greater than -

v

(]
[&Y]
w

5

'Fﬂr Jou

” le- Thompson experiment, AH = 0 i.e. work done on th
forcing it through the plug is W, = P,V, and work done by In
expanding to the other side is given as Wz = = P.Va

(44]
&}
o
v

W, + W= total work done
= PV2=P:Va

AE — Ez ~E;q
15t |law of thermodynamics.

Wr

From

AE = 4 = W
Under adiabatic condition, 4 = 0







Mﬂ to the

. fact

gases are lik et Cv is independ

% ewise given as em of temperature
“P = (dH/dT),

dH = CpdT

AH = ‘:’ deT.

Agq = dw + dE
Taking that p= '

g that p=v work only is done. Under 1 mole of ideal gas
Aq = pdv+ CvdT - - - o
Pv = RT | o

. Pdv = RdT (P = constant)
Substituting into equation (3) and dividing by dT gives
AqQy,/dT = C, +R

But g/dT = C,

C, =C/,+R
e heat absorbed by the system 1S

e.g. during an isothermal process, th

952J and the changeé in volume 1S 30cm’.

the system?

Solution: At isothermal process AE =0

SAE =q-W
0 =q-W —» W
= PAV

But w
ic Physical Chemistry

lntrnductlon to Bas

Ta !
73

&

What is the total pressure of




nt pressure per mole was found to be
e reactants are involved. Calculate the
2 0f .I eat capacity per mole at constant

at constant volume

1stant 8.314J/mol/K
=y

0l — 8.314J/mol/K

1e internal energy of a system given that heat capacity at
ume is 150J/deg and temperature change of 50°C.

Page 68




Lq =W

i L3

V, _ 5dm® V, = 14dn, T = 300K

1 x 8.314 x 300log ("*/3)

! ,

= 2740.65J/mol.

_QE = Ez'E1 =0 since E; = E;
g = AE + w where AE =0

= 2740 € >J/mol

AH = AE + A(PV)
But for 1 mole of ideal gas
PV =RT

AH =AE ¥ A(RT)
WhereAt=OandT=0

F AH = H2
eg.
- that hea

Calculate the h~at releas

- Hj =0

t capacity at constant vO

. ﬁfan ldaal gasl\ is expanded isothermally and reversibly
m a volume of 5dm*. Calculate AE, AH and W, q

ed from a system under oper

lJume is 120J/deg and the

ation given

temperature

e



1
I IR

iy
Jone For State Changes (Pv-Type)
course of energy changes in physical and chemical
E done either on the system or by the system making it
ic. For a workdone on the system has a negative convention
| that done by the system have a positive convention. Work as all
the outcome of action against an opposing force.

e F = Force against which work has to be done.
displacement or distance
r mechanical work, P = FIA — F =PA
/here P = pressure exerted for the work done

_-1} 2 of contact

'_. J Il|| :
- J ;.. .
In fs-‘.ﬁr 2 to Basic phygleal Chemlstry Page 7




-r L4
W = PA

But area x AL = volume
. W = Pdv.

Reversible work of Expansion

\
Gas
! o

|
e
|

_$-ﬁ—'

|
= = |
{ P.m [ l ‘41’_—11 i /A

Where P, = internal pressure while P, = exlernal prf;'—,ure

For a gas in a cylinder of cross-sectional area, A and fitted with 2
piston which is frictionless and weightless. Let P be intermnal pressure
expanding against an external pressure, Pe,. However if

P, > Pox: €xpansion work is against Pea-

Pt < Pext: compression work is against the Pin.

Pt = Pext: equilibrium reversible work of expansion
l -

The workdone against the environment is given by

dw = pdv

dw = PexdV

but Pex = Pint— PO

dw = (P —dP)A  van= V@)
dw - P @V - —

"
ansion which 1S grealer than

kK S obia’med under
. reversxb\e




‘ _'rl' ‘w:h
: 17 '
- - (5)

k of compression. Work due to
q.. -

' maximum work and that due to

i
“minimum. This is for all real processes

/ anv = Y{P)(V)dv

& pﬂvﬂi functiod can be consider under 3 conditions
sion towards a constant external pressure

W = Pog (V2-V1) = Py AV

ansion into a vacuum

> = 0 which gives W = pdv =0

nsion toward reversible and isothermal conditions

Pint = Fext
, V;

W= [" Pidv -

> l'. Vv,

' JI_ t-." law PV nRT




The 3 above proces

dapandém mpcﬁ , Ses are a property that show that work is a path
' t function it shows the different amount of work done by the

system. y

3.11 Maximum work in Phase Change
Under reversible and constant temperature conditions, the processes
of melting, vapourisation, boiling, freezing, crystallization etc can
occur. For sublimation, vapourization, workdone is maximum and for
condensation, minimum work is done.
W PAV where AV = volume change
P = vapour pressure of the system
AV =V, -V, whereV, and V, are vapour and liquid volumes

Vv, >>> V_ for temperature not too close the initial

w = PV,
temperature
But for ideal gases.
PV =nRT
PV, =nRT

nRT

W = PV,
- pV, = nRT

v, = nRT

—

P

try

Introduction to Basic Physical Chemis
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W = nRT in V2/V, = 2303 nTR logn (V2/V;) where n = 15moles V. =
13dm’, V, = 20dm".
. o ; ermal
T = 1500c + 273K = 423K —
- u
. W=15x8.314 x423xin 1.5384
= 527533 x0.407

= 22,772.5J/mol. |
K o«

E.g. when nitrogen reacted with hydrogen expansion against a

constant exterior pressuré was found to 230atm given that change n

volume was 80cm’. Determine the work done by the system.

Solution

W =Pex (V2— Vi) = Pex dv
AV = 80cm’

. W = 120atm X 80cm”.

L e Em




he operation.

iy reversibly nla vapour st its b
G- The vapour expands against the pressur
pourization of ethanol is 2014/ Calculats o /1§

' released to vapourize 2mole of ethanol = q molar Mass oA

I

Vv

46g/mol

78 + 273 = 351K

201J/g x 469

9.246J

PAV = P(V, - V;) since U >>>U
PV,

nRT

nRT

I

AE + A(PV)
AE + PAV (constant

to Basic Physical Chemistry

P
nRT

2x8.314x351
5836.43J

q-w

9,246 - 5836.43
3,409.57J

pressure process)




‘nﬁvagen P
at 35°C from
a pressure
of 8atm to :
a pressure Ol 70atm

Solution

P, = 8atm; P2 = 70atm, T=35 + 273 = 308K
N = 34/28 =1.214

. W = 2.303nRT log P./P>

= 2303 x 11.214 x 8.314 X 308 x log 0.114

= -6,751.94J

E.g. Calculate the actual work of compressi

reversi '
ersibly process given that the pressure 1S 29 atm and the volume

on in an usotherma\

change work found to be 75cm”.

Solution

actual work of

For- an operation which involves compression,

compression is gotten under reversible condition.

- dwec = P W
where Pint = 29atm

ANf= 75cm”°

AWC = 750m3 X 29atm

=2,175J

and Adiabatic Process

3.12 isothermal
This i1 2 the

Isothermal Process:

rature 1S ke

tempe
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e

1al Free Expansion (Irreversible) of an Idezl

1al process, T, = T,; P; and V, be initial pressure and

ext dv volume while P2 and V; be final pressure and volume '
acuum, P, = 0.

I energy change (AE): AE = 0 (isothermal process)

k. -y
i

15 |9 | o \@f:_

AE + A (PV)
AE + A(RT) (ideal gas relation)
0x0 (due to the isothermal process)
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| Removing the pin, the external pressure is released suddenly to a final
' pressure P; i.e gas expand against P, T, = T2

w '-'pz(V:-VT)P::L”RT -nRTW =nRT |1- ﬂl

e ) e
Internal energy change AE: At T constant and for ideal gases, AE = E- Q
E, =0 :.
- Heatchange q:q=AE +W
- =0nRT (1 - P, J

Py

AE =AH-A (PV)
AH = AE + A (PV) RT is a constant

AH=0-0=0

I’ . 1

Adiabatic Processes:

nodynamic process in which there is no exchange of

tem and the surrounding, and q is always equal

| ag 79



| © zero. Every adiabatic process accom
temperature just like isothermal proces
Classified under:
(@) Adiabatic reversible expansion of an id

~ (b)Adiabatic irreversible free expans _

(o) Relationship between T, V, and P for reversibl

- adiabatic condition. .

g =0

_NM‘.}&E=.\M .

CAAJ

iabatic Reversible Expansion:

[ . | _'u
ﬂl‘ T L .-_lPV'

B ,H, = (Ex+PaVa) — (Ex+P V)

—

i
" f A

3 ,. :: ‘:"L.\‘.
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Pv = nRT (ideal gas law
Differentiating gives pdy
dE = -nRdT + vdp = nCvdt

dt=-nRdT. + vdp = W'“
i
n(Cv + R)dt = vdp = AR gp -

'megmmlﬂandman;nglng
REREE TRESEE .
T'l P1

S P p

gives I’_ 8 -

| LB Fs

patic ireversible free exparsion: g = 0 expansion into a vaccum
produces no work ther=fore w = 9
AE =q-w=0-0
E=nC, (To-Ty)=0
Si ce C.,;e O It means that (T, - T4) =0
__-_::‘.: - :T' :
d AF E‘"cpfrz Tq4) =0

AH are all zero ior adiabatic free expansion of an ideal

during the combustion of nitrogen, the heat capacity per mole
sure is 99atm of which 3moles of the product was
ine the enthalpy change given that there is a

Page 82




adiabatic expansion of an ideal gas, there was
rom 30atm to 70atm. If the volume initially was

he final volume (Take r to be 1.51).

VA= 15cm°, P,=70atm; ©» =151 andV,= ?

83




E.g The change in enthalpy of a
Oxygen reacted with phosphori ' :
the temperature change m mg
number of molecules involves
pressure was 17atm.

Ita.'lm 559(: What is the total
if the heat capacity per mole at constant

Solution:
AE =q-W
q =AE+W
butgp - AG . AH = C,dT
- N =AH/C,dT = 640/17x328
=0.1 1mole

Thiermo.dynamics Equilibrium

Statement which says that for every action there is equal and
te reactlon manifests itself during the course of a chemical
n. Due to the reversible nature of chemical reactions. there

completion and is analogous even to that of physical

For example freezing is the reverse of melting and




B

when the rate of forward
! - iﬂéb thal the reactants are

e product reacting to give back the

5 or dynamic and when it does so.

e not naturally instinct. Physical processes

I"Pl_sation processes, melting and freezing

ff‘f etc. when a liquid is placed in a closed

nd condensation may occur and at a stage, the
3 iy, . ,
_.,!_ll"lal that of condensation. We say its now at
e at which the vapour liquid is leaving the

nal to the rate at which the liquid is formed back from

hemical Processes
lical reaction, equilibrium occurs due to the fact
' go to completion.

nd its Reversibility

the product and resultants are enclosed in a
| —

the reac a{?t react to give the product and

Pa 85




jict react 10 give back the reactant At such @ ponit we S5y <

Wm is reached since 1S charactenzed by continual
change So. when the concentration of reactant and
s time a stale of chermcal

action no longer change witf

ne Chemical Equilibrium

eauilibrium is attained, changes |
th time, i.e, :

ored. If conceniration no longer CNange vi

2er0 rate. then equilibrium is said to be attained. Though &

action t slowlz‘ |
- C+D 1.

mole of B or 1mole of C and 1mole of D are \

jome conditions, the same final state of equilibrium is

egular interval during reaction, the same equilibrium
3 would be obtained in each.

overns Chemical Equilibrium

s Equilibrium:- Waage and Guldbetg-in their study of
ibrium and reversi '
__system in " equilibrium and found the
definite rela_tionship between equilibrium

reaction species. For a simple relationship




d - m 0 '-'__? hern |-.-.,r. U I -" AT
I "h"‘fA) (8), (0} and (D) are equilibrium

N of gaseous reactant and K is equilibrium constant.

| hmMun fumber of moles
. m cC + dD
Quilibrium law is written as

mcl ‘Dld )

(A)* (B)°
2 €ach concentration is raised to a power of equal to the co-
'SRt in overall balanced equation for the reaction. E.g. in the

'y ""‘-'*‘1 -
8 .

between nitrogen and hydrogen to form ammonia the
ollowing equilibrium concentrations were determined at 725k
H;] = 0.51mol/dm?
2] = 2.0mol/dm®.
[NH;] = 0.095mol/dm?
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is wtanl. Thus, the
Il or liquid cannot be changed and 1S conslan
or 1 . gox -
gonstant can be combined with the constant C l
ullibrium law do no

yncentration

give & new equilibrium constant so that the eq

slve the pure condensed phase | o

; K(C)s - —

Where (€O)'sis a constant and if represented with equilibrium

constant K; it becomes

(co)’

— —

(0;)

For heterogeneous equilibrium, pure solid and liquid are omitted from

the equilibrium law expression e.g.

. 5 [H2S]
At 1200°C Hyq + Sy —/——= H,SKi = ——
[H2][S]

0 [H2S]
At 200C Hyq + Sq *——= H:SgK, = ——
[H2]

: 1

At 15000 H2(g) - 4 S(g) e HES(Q) K3 =

[H2]

Multiple Equilibrium: For equilibrium reactions that leads to an
overall reaction, the equilibrium constant of the overall reaction is the
product of the equilibrium constant of the individual reaction e.q.

B o gn )l g

X*— D+ B . - = . i K,
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3

() If 2 chemical equations are added to get a new equalion
equilibrium constant will be equal to the product of equiibrumr

-

constant of the original equation
f‘)( 2
e.g. SO, + » Ot/ S0, iy Ky = [_ o .
[80)07)”
CO,+ CO + %0, (2)t——s (i) K, = 1C04A104"
[CO4)
2S0,——CO0 +S0; (3) (i) K, = (CO1(804]
(SO [COZ)

Derivation of the Equilibrium Law from Mass Action Law

The law of mass action states that the driving force of a chemical
s of the reacting substance.

an experimental fact and
principles of kinetics as

reaction is proportional to the active masse
the law of chemical equilibrium is infact
empirical which is however proven by using
stated in the law of mass action above

o——C + D for homogenous reaction

A+ B
(K")

Rate =K [A][B] forward reaction rate
 Rate = K" [C] [D] backward reaction rate (K")

uction to Basic Physical Chemistry




=il
aseda on m

> 2HI(g) with a value of K at 45.9 and temperature
il Sl {1

N p iy
8 2'mole of T, are intraduced into a 1dm?® box at a

What will be the final concentration in the box at

5
o |||1'-_ -




.. Two soluti

“Torlm, ":‘9 are gotten where x = 0.93 or 2.36. The value of % is
. ' ut the latter value is 236 s nol used because is

chemically impossible.

.x = 093

So at equilibrium, H; = 1-x = 0.07mol/dm’
T, =2-x=1.07

HI = 2x = 1.86

e.g. 2mole of HI are injected into a 2dm® container at 430°C. Calculate

the concentration of each specie in the container at equilibrium.

Solution: As usual, let x moles of Hl be decomposed at equilibrium

H, l, <«—=2Hl
: 2
Initially 0 0
X 2%
At equilibrium /2 l2
[HI)?

[H)[T]




- At equilibri
= 0.228molldm?
l2=%,=0.228
‘ ’ ‘.‘, z ‘ e 7

HI = 2-x = 1.644 o % .

3.21 The Vitali
lity of the E ]
xpression (AG” = -RTink)

The equilibri
um AG’ = -RT
Ink connects the standard Gribbs free

important for reaction th h
reaction that proceeds slowly of which direct
measuremen ilibrium ; m h
. t of equilibrium can't be made for situation that are ard to

experimentally achieve.

et
If AG? =pesksive, k will b
: e greater than 1 and reactant react fast to give

rod s ‘
p .uct. If AG° = 0. k will be equal to 1 and reactant will be in
equilibrium with the product. If G’ = pesitiye, k will be less than 1 and

reactant react slowly to give product.

It is always mandatory for the Gribbs free energy change to be
negative for the reactants to react fast to give the wanted product, €.9.

n of ammonia at 673K according to the reaction.

the formatio
ant of 1.64x10™

—» 2NHj(g) has equilibrium const

N *+ 3H2g)
calculate G° for the reaction at 673K.
&)

solution PAGO = RTInk

Page 94

introduction 10 Basic physical Chemistry

i O



= “(8.3140/mol/K) x (av-
_ /MOI/K) x (673K x 2.503l0g 1.64 x 10
48.78KJ/mol.

Equilibri
C: rium Change and Factors that Affect it
oncentration of react it:
ant, temperatur
weight of rea €, volume pressure and relati
equilibri ctant are factors that determine the yield and poi i
mbrium. Th - . B A point of
r€ IS a need for the chemical reaction to re-establish

equilibrium in certain reactions

Calculated Production of Equilibrium Change

Le Chatelier Principles

Le Chatelier principle states that if anything be done to a system in
dynamic equilibrium, that would normally result in a change in any of
the factors that determine the state of equilibrium, the system will
adjust itself in such a way to minimize that change. These factor that

affect equilibrium of a reaction and are adjusted or annulled are

temperature, concentration, pressure, volume, efc.
(a) Effect of Temperature: For a reaction in which there is an

absorption of heat energy from the environment that is endothermic
action in

reaction, the forward reaction is favoured while for a re
s release of energy to the environments which is

which there i
kward reaction is favoured. E.g. ()

exothermic reaction, the bac
_ Qcal (exoethermic)

280, + 0, =— 2S0;
(i) N2 + Oz +———> 2NO + Qcal (endothermic) in (i), backward
l re of SO, and O while for

reaction is favoured i.e. formation of mo
Page 95
ction to Basic Physical Chemistry
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BT 1 e B g
u». st
pressure there increase in vo|ume and the rate of

- N ime occur in which !ess of Co and H, are formed and
; and H,0 produced.
t of Con 1centration:- Increasing mass of one substance

on of more of it to the reacting system in equilibrium
s the concentration of this substance relative to that of all
‘ones. By Le Chatelier principle, a shift is made to annual

ess of steam will direct the equilibrium to the right, increasing
e reactant

its formation. The equilibrium shift can be continued till the

mpletion by removing the product as they

CO and H,. A decrease in concentration of 1 of th

ion goes to co

ate of reaction by

ffect of Catalyst: A catalyst change the f
ate. The net

‘ :’fw g the activation energy of the forward reaction
~hange termines the
»n’'t chan he heat of reaction which de

| im _col Eiant However a catalyst does not alter the
- e Page 9
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equilibrium constant

3.22 spontanei
ty of Chemi
Constanlt e

R 5
€actions and Equilibrium

or_
: ;G = -RTInk, similarly AG® = AH® Tag®
-RTink = AH?-TAS
RTInk = -AH + TAS
RTInk = TAS - AH
Ink =_lnk = TAS AH

and we substitute for

RT RT
Taking antilog gives
K = @SR _ gtHRT

From (3), we can determine the sign and magnitude of AS® and AH’

‘P!‘_____.—-f
needed for K>1 i.e. for reactants to be ‘converted spontaneously. to
H° = negative, AS’ = positive, K is greater

give the product. When A
P
than 1 and reaction will be spontaneous, if AH® = positive, AS®

us f At\i?gsﬂ_ﬁié@

L el
negatlve K < 1 and reaction won't be spontan€o

e
tive, K>1 At low temperature but at enough high temperature K> 1.

where bonds are formed in a reaction),
d K¢ 1 at sufficient high

taneous of a process
yrried out at

0
ﬂ_‘“’ AS® are negative (
| suff cient low temperature an

_t re. The thermodynamic _ bas1s for spon
° because most reactnon are not car

. 25°C and 18lM. s
p— page 97
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lon NEQ ‘=.. ok fr_ee anergy Ghaﬂges (aG"
A0 " 4’( / ] . 1 : . :
e -:)ne 2NOyq is + 4857 6 Joules at 25°C, the
taneous at this temperature. If NO, is withdrawn

- ‘, :te?g;:; .partla| pressure say at 1atm while that of
re, during AG = AG” + RTInk |
857.6 + (8.314) (208)in "ho.

Joules —» spontaneous reaction

~hemical Production and the Chemical Equilibrium:

Al
» gconomic “manufacture of any desired product, great attention
e | ‘Ito the klnetlcs and equilibrium state of the chemical
turer or producer 10 x

Y
perative for every manufac
d at large quantty. \

e shortest possible time an
s attainment of

perature which fasten
rable effect in position of equilibrium

action. It is a very im
jce | -*‘i‘ S Wuct at th
ﬁiﬂ eﬁect of tem

"., A
jum may have an undesi
I

d f the product.
+=—2NH10 AH, - 90.5kg. AL 150°c and

action of Hz and Ny 1S 90 but the

m‘ll



..

Al 700'C '
vC and 250atm, the yield of NH; is only 10% but the rate of its

formation is high. Thus, |
owef temperature favours ield and higl
igher
temperature favour rate. V -
Tt TRV

Also, a catalyst on its own do not increase the yield of the product.
This is ’ao' beeaugo the catalyst only reduce the potential energy
barrier in the two opposing reaction in a proportionate manner. It
ses the rates of both reactions to the same degree thereby making
ibrium concentration of reactants and product to remain

T, tlemp e and catalyst can be combined, and a good yield
hi “J example, in the making of H,S0,, the main stage
S0, tc 903 which is an exothermic process.

,+ 0; =>250; #8H =-172kJ
igh temperature there is a fast reaction leading to the

_p slow reaction towards the yield of 803 Thus
> o —
using a solid catalyst e.g. vanadium

_g.gfmder whlch 70 - 80% of SO is fastly
and to cool the gases til the temperature when
n of catalyst is about 400°C. At 400°C, the

reaction above given that

- ' — Paged



f carbon is 3.01 mol dm™ and it reacted
ation of 6.2mol/dm® it form CO, with

; Find the equilibrium constant of the
'

€quilibrium constant law expression is ,given as

een carbon and oxygen

20 (3.01° 3504

E

e ———

Pag 100



K = 6.89x10°

e.g. 28°C, a reacti i

om ZB C, a reaction was carried out at an equilibrium constant of
.00456. Determine the standard free energy change and the free

energy change of the reaction.

Solution:

= -(8.314)(301)(In 0.00456)
= (13,49=89.63).
e el
To get the free energy change, DG we use the formula,|DG = DG’ +
RTInk

= 13,489.63 + (8.314 x 301 x In 0.00456)

- 13,489.63 + (13,489.633)
AG =0 is reactant and are in equilibrium with the product.




water and carbondioxide gas AH is 781.0kcal at 25°C (298K) calculate the

heat of this reaction at constant volume at same temperature.

Solution

CeHowy + 7% 02g) —»  3H,0(, + 6H20)

Write and balance your equation. It is very important AHzgs = - 789.0kcal
The number of moles N, of gaseous reactants is 7.5 while the number
of mole Ng of gaseous products is 6 so that

An=Ng -Na =-1.5

Temperature T = 298K and R may be taken as 2cal (or 2 x10*) deg”'mol”
Hence from equation AH = AE + RTAN (your formula)
AE=H = AE - (2x10 x 298x1.5)

= 789 =AE -0.894

.. AE = 788kcalorie.

We have different types of heat reaction:

(i) Heat of formation

()  Heat of combustion : -

(i)  Heat of solution

(iv) Heat of neutralization

(v)  Heat of formation of ions in solution

4.5 Heat of Formation:- This is referred to as standard heat of formation
because reactants a_nd products are in standard state (281K and 1atm) this
heat_change invalved in the formation of 1mole of a substance from its
elements and is known as the heat of formation of the substance.

During this process of heat of formation, some problem were encountered so

to g'et around it, some assumption is made which is that the enthalpies of all

oduction to Basic Physical Chemistry Page 104
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This heat depends on the conditions of burning. The heat of combustion is

the change in heat when one mole of a substance i.e. element or compound
IS _completely burnt in oxygen at a constant pressure if reactants and
products are kept at standard value of 298k and 1atm while burning 1 mole
of a substance completely in oxygen the heat evolved is referred to as the
standard heat of combustion (SHC) using equation we will have something
like this

CeHg + 7720, —* 6CO0;, + 3H;0 AH =781.0 kcal.

Heat of combustion are very much experienced in organic chemistry
when fuels are combusted for energy and few also get burnt inside the

body to produce heat in form of energy.

47 LAWS OF THERMOCHEMISTRY

These laws are derived from the principle of _conservation of energy.
The 1% law was given by Lavoiserand Laplace in 1980, which states that
"The quantity of heat which must be supplied to decompose compounds
into its elements is equal to the heat evolved when the compound IS

formed from it element.

Using this form to explain more
Hyg + % 02g— HOL AH - 68300 cals
H,0(1)— Ha(g) + 2 Ozg)
SOz —> S(9) * Ozg)

S0z —>S(9) + Ozg) -

AH' + 68300 cals
AH - 70960cals
AH + 70960

The beauty of this law is that we can reverse thermochemical equation

provided the sign of the equation is changed and the magnitude remains the

-—‘.

Page 107

Introduction to Basic Physical Chemistry




R}

Same. Another law is the Hesg law of constant heat summation (1840) "It
states that the averall heat charge in a chemical reaction carried out either a
constant pressure or at constant volume is the same irrespective of the fact
whether the reactiori proceeds in one or several stages: This law enables
thermochemical equation {M@gg@pwﬁiliygﬁ_{g@mae equation
As a result heat of reaction that cannot be obtained experimentally are

obtained by calculation from other thermochemical data.

Hess's law may also be stated that if different processes are used to bring

about the same change, the heat change is same for all of them. Hess law

are also applied as follows:

(1) Heat of formation reaction of some compounds

()  Lalculation of lattice energies of conic crystals

(i)  Study of multistep reactions..

(iv)  Determination of calorific values of food and feels. Let try determining
AH for the reaction

2C + 2H; — CH,— AH26°C

Given the experimental results

C+0; — COy —»AH’C = -94kcal (i)

H, + %0, —» H,0 — AHps°C = 68.3kcal (ii)

C,He +30, —» 2C0; — 2H,0 = AHp5°C = -342 (iii)

Solution

Multiply equation 1 and (ii) 2 and add

2C +20; —> 2CO; AHzs’C = -2x94kcal

2H, + 0, —» 2H,0 AHs’C = -2x68.3kcal

2C + 2H; + 30:§2C0; + 2H,0 AHz5'C = 324.6kcal (iv)

Substituting equation (iii) from equation (i) to obtain a desired equation.

______________._——-—.—-————__—'_‘“—Fﬂ—“
introduction to Basic Physical Chemistry Page 108




2C +2H; —» CiHs AHpC = (-324.6 + 342) = + 17.4 kcal.

4.8 Bond Energy

At first one will say what those bond and energy has to do with
thermochemistry but looking at it that way is not bad but if you look
at it from this chapter point of view you will actually know that
there is no heat changes without bond being broken or bond being
formed in a reaction. Bond energy means average amount of energy per
mole necessary to rupture a particular bond in a molecule and this effects a
complete separation of the resulting atoms or radical from one another. For

diatommoleculgs'like H,, 'O, Cl, its energy is called bond dissociaﬁon

energy. In polyratomic molecule, the energy required to"break a given bond
will depend to some extent on the nature of the remainder of the molecule

—

and will vary from compound to ound for instance energy needed to

break O-H bond in alcohol is not same arr_fount of energy needed to break it

in organic acids therefore.the bond e nergy in poly atomic-Compa .

average _~amount _ of - energy required to

*

break a particular bond » in onhmolé -of the - corﬁpound. Example
in water we have |
H,0—» H + OHg  AH =119.95 kcalrnol™' to break O-H bond
in hydroxyl radical requires a different heat duéntity.
OH(g)-O(g) + H(g)  AH =101.19cal
Bond energy = average of the two values

2

e = 119.95 + 101.17
B

= 11 0.57kcal mole™

e ——————————— e
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Here are some bound and their energy

Bond Bond Energy -

cC 348 N-N 861
C=C 610 0-0 140
C=C 826 O-H 463
H-H 436 Cl-Cl . 243
N-H _ 331

Uses of bond energies
(a) Comparing strength of bonds
(b) -Understanding structure and bonding
(c) Estimating the enthalpy changes in a reaction
(d) Understating the mechanism of chemical reaction

The one we will look into in_this chapter is the most important use,

which is estimating the enthalpy changes that is taking place in a

—

tion.

Problem 1

Given that bond enthalpies for C-H, CI-Cl, C-Cl and H-Cl are
respectively 99, 58, 78 and 103 calculate the moles, determine AH for
the reaction

CHs4 + Clyg) — CH3CI + HCI

Solution:-
AH = Zge (breaker) -Zge (formed) where I = summation, B.E. bond

energy

e ————————————————
e
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ove CH, has 4 C-H bond that exist but only one is
broken in turn, one C-C|

In the reaction ab

affected and are H-H bond in H, which are

bond in CH;Cl and one H-Cl bond in HCI are formed therefore, A’C

=.(eC-Cl + eH —Cl) + (eC-H + eCl — Cl) inserting the various values
we get
AH,s°C = -(78 + 103) + (99 + 58)

AH,’C = Jdkcal

Problem 2
Calculate the enthalpy change for the reaction hydro
ethane CH, =CH, +H —* CH; - CH5 gives the following B.E in

kjmol' C-H = 410,87, C=C 606.68 H-H = 431.79, C-C = 336.81.

genation of

___..x H H
|
»Jul,m;.z I-o.m,.z
H H ___; H

Bond Broken are
(1) (C=C) + 4(C -H) + 1(H -H)
606.68 + 4(410.87) + 1(431.79) = 2681.95kJmol

Bond Formed
1(C-C) + 6 (C- H)
(336.81) + 6 (410.87) =2882.03kJmol.

AH = EIB.E. for breaking - ¥B.E. for bound formation

2681.93 - 280203 = 120.0kJmol

ction to Basic Physical Chemistry Page 112

Introdu

49

ant

Intr




il Lo sl =

4.9 Bond Energy in Fuels and Food:- Hydrocarbons compound
and coal are most common fu

el for machines whereas those for
organisms are fats and ¢

mq.cm.:«aﬂmﬁmw. Both are made up of large
molecules mainly C-H and C-C bond. Utilization of fuels brings about

bond breaking and atoms become bonded to oxygen atom. The waste

product of these fuels are CO, and H,O. Fuels with many weaker

bonds will yield more energy than fuels with stronger bonds. During

utilization fuel are burned in the presence of oxygen to give C-O and

O-H bond which decreases the usefulness of the fuel
X
4\
A

3
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From the above we I % O thye 3 b - -




COsq + H30, e —— q,..“ﬂ.d_._ + H,0

1on ol the reactant w im to t

shift equi

right. More product is forward. If the conce

ration of the prc

shift to

n w e left. more reactanl IS

is decrease

ant and vice

versa

) Temperature:- ¢

reaclion is exol

en decrease in temperature

ever, if the reaction IS

reaction) increase In

forward reaclion

system If temperature

shift

mw

Me

off

pends on the

Pressure:- [l n the system

two conditions

{ be

oducls. muy

gases

(i) The reactants and |

wber of moles of reactant and the total

(1) The ltotal 1
t not be the same

number of moles of product 0

ction to Basic Physica hemistry

Intr




(i) Myg + Ozq = 2NOg o effect
Cs + H0qy < COy *+ Haqy NO effect

Considering the equation below

CHag) +Hz0( «==* COf * 3Hzo)

2 mole 4 moles

2 volumes 4 volumes
Increase in pressure decrease the volume so the equilibrium shift to
the left to produce more reactant which has lesser volume. Decrease
in pressure, increases the volume. so the equilibrium shift to the right,
more product is forward. Catalyst: The catalyst does not alter the value
of equilibrium constant for any reversible reaction. It simply helps in
approaching the equilibrium al an earlier stage by catalyzing equal

both in forward and the backward reaction.

Types of Chemical Equilibrium
The piural of equilibrium is equilbria, we have two types.

(i) Homogenous Equilibria: which only one phase occur. For
example, a system containing only gases or a single liquid or
solid phase.

(i) Heterogeneous Equilibria: which Ezmﬁm phase

_appears. For example, equilibrium between solid m:mlmm_ww___nc__n_ and
gas, solid and liquid, solid and solid etc. the word "phase” used in the
above applied to any homogenous and physically distinct part of a
system which is separated from other part of the system by definite

boundary surface. Equilibrium between ions in the solid and liquid

———————— e ———— i e e m——————
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phases (equilibria in heterogeneous system). Heterogeneous reaction

involves two or more phases, one of which is a solid and liquid. The
application of law of mass action to heterogeneous equili

on the face-that activity of

at all temperature up to a fairly high pressure.

Consider the dissociation of mercuric oxide
I@O_S > imJ,oHB. * ON.?,:
So the equilibrium constant for the above reaction is

Kec = (Hg") (07)

H.0

Kc is the equilibrium constant for ionic dissociation. It is important to

know for this equilibrium to be possible, there must be dissociation in

aqueous medium to produce ions. There are also many types of these

to be discuss in further chapters

5.4 Solubility:
When we say solubility three things comes to our mind, solute, solvent,
solution. Mathematically, solute + solvent = solution.

Solute: This is the smallest part of the solution. It does not determine

the states of matter.

i .

Solvent: This is the largest part of the solution it determines the states

-—

of matter whether, solid, liquid or gas. The solute is dissolved in the

solvent.

Solution: This is homogeneous mixture of solute and solvent.

Chemistry rage 121
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S
olubility of a substance can be defined as the amount of the

: 5.
substance that dissolve in 1000cm’ of the excess solvent. The '
- _ (i)
solubility of a substance strongly depends on the used solvent as well
= N ()
as the temperature and pressure. the extent of the solubility of a
— — — : se|
substance in a specific solvent is measured as the saturation
concentration where adding more solute does not increase the
concentration of the solution.
__Solubility occur under dynamic equilibrium, which means that solubility
K — ~ e — = - e .
results from the simultaneous and onuom..._bmlmﬂ..o_anmmlmm.m..oﬁ dissolution
and phase separation (e.g. precipitation of solids). The solubility
R e — e T e
equilibrium occurs when the two processes proceeds at a constant
.ntlll.l\l.\lll\\ll . S =
rate.
o L e
Wi
55 Factors Affecting Solubility 54
; : _ : the
(a) Temperature: Solubility of a given solute in a given solvent i
: SO
typically depends on temperature. It is generally known that as the
L g £ = | fai
temperature of the system InNcrease, the solubility of the system will
e ————— ) It
also increase. For example, sugar dissolve faster.in hot water than in &
— b
cold water sO m_mﬂulmm%ﬁm.cwmﬁ:mmm_ o
(b) Pressure:- Pressure have negligible effect on solubility. It only wm_
c
t aases slightly in most cases, when the pressure is increased,
affec @W\P ghtly p s
the molecules react faster so tend to dissolve more than at normal He
pressure. Pt
He
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Where An = [c+d+...) — [a+b+...] is equal to difference in the total

= i <
number of moles of gaseous products and aﬁﬂmma during the

reacté@h An can be zero, positive of negalive. If An is zero, it means
that the number f

s of product is equal to the number of m

the reactant, therefore, it follows the equation Kp = Kc.
i ——— — i - lI:ll-lll.lnl
e€.g. Imﬂmv + Oom._m.: I_«.Or: + oo_m:
if An is positive it means that number of moles of product is greater
than number of moles of reactant
_Uo_m:g - _wUO_.f_;: + Of.:‘._.a_. divs e tala s A 0 —AGVT,F
When An is negative, it means that the number of moles of product

< number of mole of the reactant.

Kp < Kc
N2y 4-3H2() ———2NHsg). oo ..Kp<Kc
Mathematically solubility of substance (salt) is given as
. Mass of salit ‘ 1000
" Molar mass of salt ! " volume
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T

_ﬁa nﬂa, in _:nzmﬁmm. e:aSm@E and other workers might
] the E.o.a which ammonia can be 00653 from 1

-

.ﬂﬁ Features of a Chemical Reaction
_LHF... .imz:ﬁ features are present for a reaction to occur §m< are:

" | The direction:- getting the desired anco»m

2 its velocity or rate: How fast the desired products are obtained.

Its extent or yield: - How much of the desired products are

5 awﬁ.:ma at the end of the reaction. Cored X
on of a chemical reaction is determined by the additions

it is carried out. E.g. Ethylaichol can be converted into
ucts under different conditions as follows:
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OuT_mOI 300 |bOoO OmIn * Imo
—_—
C,HsOH  350°C -CHa CHO+H;
—
M
6.2 The Speed of a Reaction

tion is the rate at which the concentration of the

The speed 0
reactants and E@. Consider the hypothetical
%yo letters A,B and C represent chemical species suppose
the following imaginary reading occurs.

A+2B — 3C.

The m,.ﬁo*n:._oam:._n coefficient for specie B is twice that of specie A,
then the concentration of B will decrease twice as fast as that of specie
A. Similarly, the concentration of specie C increases 3 times as fast as
the concentration of A decreases. Conceptually, there should be a
single unambiguous rate for a reaction. How might such a rate be
defined given the highly varied rates of change for the various specie

in the reaction.

6.3 Reaction Rate

The rate of change ~D concentration of the reactants and products
can be used_to characterize the rate of a chemical —mwﬂ__oz_ Ahe rate
of a reaction R.Is defined as the slope of the concentration time plot
for_species 95@& by the stoichiometric co-efficient of that species.
Additionally, if the species in_a reactant, the negative value of the
slope as the slope is negative and a positive rate is desired.

Consider the equation by experiment

Introduction to Basic Physical Chemistry 129
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irrespective of which species in the reaction is used to perform the
calculation.

6.4 Rate Laws (Differential Rate Laws)

In many B.mozo:. the rate of a reaction changes as the reaction

progresses. Initially, the rate of a reaction is relatively large while_at
very long times, the rate of reaction decreases to zero (at which point

the reaction is complete) incidentally characterize the kinetic behavior
of a reaction. It is desirable to determine how the rate of a reaction
yanies as the reaction progresses.

A rate law is a _Bmﬁmammmmlﬁmbcﬂﬁu-ﬂumﬁmwozcmm the progress of

R e —
the qmmm:o:. in general, rate laws must be defined experimentally.

Unless a reaction is an elementary reaction, it is not possible to predict
the rate law from the overall reaction rate/chemical equation. There are
two forms of a rafe law for chemical kinetics,

(1) The differential rate law and (2) The integrated rate law

64.1 Differential Rate Law

The differential rate law relates the rate of reaction to the concentration

of the various species in the system. They can take on many different

——

forms especially for complicated chemical reactions. However, most

chemical reactions obey one of the three differential rate laws. Each
- l||l|u.|.1.||'l|l||.|||||ln.

rate law contains a constant K, called the rate constant. The units for

the rate constant depend upon the P@mm’__@.‘\cmomcmm rate_always has

unit of mol L ""sec and they cone always has units of mole L™,
" Introduction to Basic Physical Chemistry Page 131
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rﬂa&uléh H38®4, HzS etc are duprotlc acids. whlle H3PO4 and CGFBO

aa‘e:tﬁprmlc&ac:ds They ust 1l
%'m*e@fﬁbsamg)‘ ¥ Hzoui " H30"g) '+ HSO'ag) :ki"“‘“"&"é

Where- K1 and K is _@Mllan_mnstan_t K1>K2 The hmltatlons of

Arrhenlus theory are:

(1) uigflrltheaangd_@amthat do not occur in water '

because it

when they dissolve in water.

AL Mo e,
'(2)- _Ih'e definition Qﬁnmm&ilm_asihﬂmwﬁee

protons in agueous solutions.

H'aq +H0p —» H30" 40).

Thas reacnon IS hlghly exothermlc therefore! no_free

10 Wwuos? IO 2nai) I i
ot 13 hydragen ion, H Wlll exust in the §olg lon. Instead,
I‘,-qaxonlum ion, H3O charactenzes the acid.

(AT kY L



3) The base definition is only valid for hydroxides but not for

other compounds which exhibit basi ies.

E.g. ammonia and sodium carbonate can also neutralize

hydrochloric acid _b_gt_mgy_dg_nmmmam.ﬂl:l.mns

NaLOss) + 2HCl(y) — 2NaCliag) + H20) + COz)

Base acid

HClagy + NHzgy ——» NH4Clg)

7.5 pH and Dissociation Constant

In 1909, Sorensen introduced the concentration of hydrogen ions (H"),
which gave an idea about the acidic and basic char;cters of the‘
agueous solution; The term is called pH which means the power of
hydrogen -and it can be defined as the negative logarithm of the
hydroxonium ion (H30+) concentration in mol dm® or mol per litre. The
definition enables the avoidance of negative values as much as
possible.

Conéider two aqueous solutions O.I.M of HCI and O.IM of NaOH, then
hydrogen ion (H;O") concentration are O.1moles/dm® and 1%107

moles/dm” respectively. The latter is obtained as follows (OH") = O.IM
but [OH] [H50°] = 1x107".
-14
My = X1 - 1x10™M

0.1

The concentration of H” ion in these two solutions differ by a factor of
10-"2.

- +
pH = -'Og [H30 (aq)] S
. 3 - E
Introduction to Basic Physical Chemistry Page 156




POH -IOQ [OH'(aq)]
Note that the hlgher the pH values the lower the acidity of the

’!_d'__gen ion concentration and the more alkaline the solution.
At 25°C, (Hi0% g = [OHag] = 1.0x 107 mol dm™
pH = -log [H3O+(ag)]
e -log[H30" (ag) ]
= -log [H30" @)
= -log[1x107]
= 7
For alkaline solution, [H30" 5] < [OH a0)]
[H30" ag)] <1.0x10”
log [H30" (ag)] <-7
-log [H30" (ag)] =T
pH > 7

For acidic solution,
HiO gl < [HOag) 3
[HsO'(ag] > 1x 107
log [HiO ag] < -7
Jog [H3O o] < 7
pH <7

The pH scale can reflect the acidity and alkalinity of solution. A solul

. 1

of pH -7 is neutral, pH less than 7.1s acidic. The lower the pH tr
higﬁer its H= concentration and the more acidic ine suution. A solution

of pH greater than 7 is alkaline.

The ionic

he Introduction to Basic Physical Chemistry

crature. Pure Waer '@E%OC
..... '{hﬁ'_'-lﬁ - — —

S Page 157

roduct kw, increases with ten




is neutral, its pH_is less than 7. The relationship between the pH and
dagree of acidity and alkalinity of solutions is shown Ay

(moldm.’) Emoldm" )

: o IMHC1 (0.0)
[H+] [OH) /
| 104 | L ——Stomach acid (1.0- 2.0
10" 10°"? > : __,__.___Lcmonjun:c (2.2 -
4 3 o 3
10 107" o T vinegar (2.4 - 3.4)
10” 107" > 4 }—Beer (4.0-4.5)
ey . jrine (4.8 - 7.5
10_4 101“ c :‘ l———bnnc (48 ) ,
7 —— Unpolluted rain water (5.6)
! 3 6
107 107 O — Milk (6.4)
' O 7 Blood (7.4)
0° 10 ,
] : E ' : [ Sca'water (7.0 - 8.3)
10 107 Neutral §
=zl v
10..\ IO H ‘_>:\‘ | i.) :
9 S = 10— Detergent solution (10)
0 v 9 ' . F— AMilk of magnesia (10.5)
-0 4 = 1
10 10 gj
- -3 o 12 Household Ammonia (11.9)
10" 10 1 z ‘ —
107" 107 o 13— Dye (13.0)
U », ~ -
10" 167! =7 14 — IM of NaOH (14.0)
; /
o | |

.t is not always easy to calculate the PH of a solution by finding how

much hydrogen ions there are in a solution. pH meter and universal

indicator (pH pape ‘ ___\T/_'
V__/!p\g_p/r) can be uWeasure the pH of a salution

directly. .. -

7.6 Dissociation Constant

Dissociation is a process by which the compound or lon s

plit into two
ponents that are also jons of comm

aerinio general example is




T

’P W level, we Iearnt that strong acid is an acid which dissociates

wmptetely in water while weak acid dISSOCIateS slightly in water. The
QWW% can be determined by electncalﬂ
.gOﬂdUCthlty measu ts. l_/_prowdes some )me measure about ut_the

strength of an acid Wthh varies with the concentratlon of solutions and
ﬂl@ﬁfgte it is used in limited term but dissociation constantprovides a

~ T—————

better alternatlve and it is applncab[e to equilibrium law, and to state the

—_— o —
strengw

Strong and weak acids. When an acid is dissolved in water, it will

dissociate to form a H" ion and an anion. This result is in dynamic
equilibrium, e.g.
HA@ag) + Hp == H30'g) + Al

[H:0"] [A]

K = =
[RA] [H,0]

As a result, the amount y i at] t,
the concentrati H . '

give another constant known as dissociation constant, ka,
ey :

[H307] [A]
Ka =
[HA]
Dissociation constants can also be called equilibrium_constants. It is
only affected by changes in_temperature. Strong acids ionize

completely to almost moderate dilutions. They have high dissociati

constant, ka value while week acids ioniz lightly or exi '
lecules. They have small dissociation constant

Introduction to Basic Physical Chemistry * Page159
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ka. | A A
Pka can be used to compare strengths of acids. Pka can e

as

Pka = -log ka
ka than strong acids. Some common acuds

Wgak_amds have laggi{

and their ka and Pka values

Acid KaC mol 2m™ | Pka Strength -
HBr 1x10” -9.00 Very strong
H,SO, 1x10° -3.00 Very strong
HNO; 28 -1.45 Strong

Benzoic acid 1.8x107"° 15.74 Very weak

For strong and weak bases, when a base is dissolved in water, it will

accept a proton from water to form hydrogen ion and hydroxide ion

e.qg. o
B(BQ)_ 1‘120“_)_—’ HB-(‘;jq) T ()I{fflqi
Ke, =[HB][OH]
[B] [H30],

Where B is the base

Combining Kc and H20) gives another constant known as dissociation.

constant of bas Kb

Page 160




values. The smaller the Pka value, the stronger the base and vice

versa. :
Acid Kb (mol dm-3) | Pkb Strength
CsHsNH, 4.27 x10°™ 9.37 Weak -
NH; 1.7x107 4.37 Weak

lonization of Water
It is noted | e waler is a low but me

<electricity. And it; only dissociates slightly into ions. E.g. a weak acid
HA and a strong base such as sodium hydroxide. Because the acid is

weak, an equilibrium is achieved. 4
2‘H20(;) _— H30+(aq) + OH 5y

The equilibrium constant exist as

[HEO¢{aq)] [OHA\'aq]]

Ka = :
¥ [H0(L)],

In an agueous medium, HA can be treated as constant and combining

with the constant, ka it gives a new constant known as lonic product,
Kw =(H;0")(OH").
Water dissociates into equal amount of H30+ _ and_OH- at the

temperature of about 25°C, it will give 1.0x10™ i.e.

ZHzm 4__H30+(;,g; T 0'"['{"*:-:) P
107 107 1x107.1x10

I x 10" moldm™

When an acid is added to water, the (H;0") increases above 1x107M.

But the ionic product must remain equal to 1x10" consequently, (*

eduction to Basic Physical Chemistry Page 161
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hydroxide ion (OH) will decrease below 1.0x10 moles. Consequently
when a base is added to water, the concentration of OH increase
above 1x107 moles and the concentration of H30" decrease below

1x107 moles.
Note that the equation which is the ionic product constant K, where K,

= [(H30"aq] - [OH ag)] is not limited to pure water only but involves

aqueous solutions.

7.7 Hydrolysis of Water
Hydrolysis is a chemical reaction during which one or more water

Colecules are split into hydrogen and hydroxide ions in the process of
_m type of reaction that is used to break
down certain polymers, especially those made by step growth
polymerization, such polymer degradation is usually catalysed by

either acid e.g. hydrogen textraozosulphate (VI) (H2sos) Or alkali e.g.
sodium hydroxide (NaOH) attack, often increasing with their strength
or pH. Hydrolysis is different from hydrationn hydration the hydrated

molecules does not break into two new compounds while in hydrolysis,
M&r_leét,ecmpounds are formed. "\ -
v -

Method of hydrolysis
Hydrolysis can be achieved using 9v battery, 2 electrodes and small

guage wire. A small amount of salt Is added to increases the
conductivity of the water and an acid/base indicator to visualize the




reaction.

7.8 Buffer Solutions and Buffer Capacity

A butter solution is an aqueous solution consisting of a mixture of a

weak acid and its conjugate base or a weak base and its conjugate
g_i_@_. A buffer solution is a solution that tends W
w@wq_gggg_base is_added to it. Many life forms
thrive only in a relatively small pH range. An example of a butter

solution is blood.
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Buffer capacity is a quantitative measure of the resistance of a buffer

solution to pH change on addition of hydroxide ion. It can be defined

e ——— e

as follows:
An

Buffer capacity =

ApH

Where An is an infinitesimal amount of added base and A(pH) is the

resulting infinitesimal change In pH
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Two types of buffers
- Acidic buffer is prepared by mixing a stmgg_nnld_and.mk acbq

the strong acid serves as the salt, e.g. ethanoic acid and sodium

ethanoate. The solution is used to resist pH in an acidic medium,
CHiCOONa' () —> CHyCOO g +Na'ug - - (1)
é_mé;oic acid is slightly ionized
CH3COOH s + H20j)——+ CH3CO0 (ag) + HiO"(ag) - - (2)
The presence of ethanoic acid in the system is to have enough amount
of undissociated CH,COOH molecules to cope with the addition of the
base. Hence, a buffer solution has enough conjugate acid-base pair.
As sodium ethdnote is completely ionized and ethanoic acid is only
slightly ionized, we assume that the CH3;COO" ions come from
CH3COONa“ only as the contribution of CHCOO' ions from CH,COOH
is negligible. :

[CH3COO (5g)] + Na+ = (CH;COONa*,, = salt

[CH3COOH )] is approximately the same as the initial concentration

of the acid
[CH3;COOH,)] = (acid)
Substituting (salt) for [CH3;COOH (4] and (acid) for [CH3COOH(39,], the
general equation to calculate the pH of an acidic buffer would become.
~ pH  =Pka +log(salt)
(acid)
Reaction of weak base .and its salt of a strong acid makes a basic
aqueous ammoma ' and ammonium chioride.
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the necessity of creating a new surface and this incipient surface energy
requirements.

Heterogeneous nucleation can take place by several methods. Some of the
most typical path-way are small inclusion, or cuts, in the container the v is
‘being grown on. This includes scratches on the side and bottom of

glassware. A common particle in crystal growing is to add a foreign
substance, such as a string or a rock, to the solution, thereby providing a

nucleating site for the project and speeding up the time it will take to grow a

crystal.

The number of nucleating sites can also be controlled in this manner. If a
brand-new piece of glassware or a plastic container is used, crystals may not
form because the container surface is too smooth to allow heterogeneous
nucleation. On the other hand, a badly scratched container will result in
many lines of small crystals. To achieve a moderate number of medium
sized crystals, a container which has a few scratches works best. Likewise,
adding small previously made crystals, or seed crystals, to a crystal growing
project will provide nucleating sites to the solution. The addition of only one
seed crystal should resist in a larger single crystal.
Some important features during growth are the arrangement, the origin of
growth, the interface form (important for the drilling force), of the final size.
When origin of growth is only in one direction for all the crystals, it can result |
in the material becoming very anisotropic (different properties in different
directions). The interface form determines the additional free energy for each
volume of crystal growth.,

Lattice arrangement in metals often takes the structure of body
centered cubic, face centered cubic, or hexagonal closed packed. The final

Lalroductior te-BaslePhysical Chenustry




size of the crystal is important for mechanical properties of materials. (for 1
example, in metals it is widely acknowledged that large crystals can stretch
further due to the longer deformation path and thus lower internal stressesj."

8.6.4  Crystal Systems

Every crystal class is a member of one of the six crystal systems. These
) systems include the isometric, hexagonal, tetragonal, orthorhombic,

monoclinic, and triclinic crystal system. The hexagonal crystal system is

further broken into hexagonal and rhombohedra division.

Every crystal class which belongs to a certain crystél system will
share a characteristic symmetry element with the other members of its
system. For example, all crystals of the isometric system posSSes four 3 fold
axis of symmetry which proceed diagonally from corner to corner through the
center of the cubic unit cell. In contrast, all crystals of the hexagonal division
of the hexagonal system possess a single six-fold axis of rotation.

In addition to the characteristic symmetry element which are not necessary
g present in all members of the same system. The crystal class which
'- possesses the highest possible symmetry or the highest number of
symmetry ele_aments within each system is termed the "Holomorphic class" of

. the system.

For example, crystals of the holomorphic class of the isometric system

pPOSSEesS inversion symmetry, three 4-fold axis of rotational symmetry, the

set of four 3-fold axis of rotational symmetry which is
six 2-fold axis of rotational

characteristics

indicative of the isometric crystal syst=m,

symmetry, and nine different mirror planes. In contrast, a crystal which is not

¢ class yet sill belongs to the isometric system

" a member of the holomorphi
f rotational symmetry and the

‘may pOSSessS only three 2 - fold axis O

characteristic four 3-fold axis of rotational symmetry.
= page 181
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division possess a single 6- fold axis of rotation. In addition to the s

6- fold axis of rotation, crystals of the hexagonal division may ubwmomm Ew
to six 2-fold axis of rotation. They may demonstrate a center of inversion
symmetry and up to seven mirror planes.

Mineral species which crystallize in the hexagonal division are apatite,
beryl, and high quartz. Minerals of this division tend to produce
hexagonal prisms and pyramids. Example species which crystallize in
the rhomboidal division are calcite, dolomite, low quartz and tourmaline.

Such minerals tend to produce rhombohedral and triangular prisms

3 Tetragonal

ystal system are referred to three mutually

werals of the tetragonal cr

axis. The two horizontal axis are of equal length, while the

perpendicular axis
vertical axis is of different and may be er shorter or longer than the
other all posses single-4 fold symmelry axis They may possess up to four
2-folds axis of inversk d up to five mirror planes. Minerals species
whict VS Z¢ n L al crvstal system are Zircon and
cassiterils ( rt crystals of prismatic
/| Orthorhon (
_ _ _ y sstem are referred to three
h of which is of a different length than
f th sstem uniformly essess three 2-fold rotation axis
ee mirror p e halomorphic class demonstrate three
i symmelry axis and thr nirror planes as well as a center of
s ———————
Aoduction to fasic Fhysical Cheni Page 163
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the (1 10) directions are really similar. If “S” is the intercept of the plane 4

with (1 1 0) axis, then i = 1/S.
There are also adhoc schemes (e.g. in the transmission electron

microscopy literature) for indexing hexagonal lattice vectors (rather

than reciprocal lattice vectors or planes) with four indices. However,

they don't operate by similarly adding a redundant index to the regular

three-index set.

For example, the reciprocal lattice vector (hkl) as suggested above can
be written as ha* + kb* + 1c¢* if the reciprocal-lattice basis-vectors are
a*, b*, and c*. For hexagonal crystals this may be expressed in terms
of direction lattice basis-vectors a,b and c as (6).

(hk1) = ha* +kb* +1c* = 2/3a’ (2h+h) a + 2/a* (h+2k) b + i/c? ---(1)
Hence zone indices of the direction perpendicular to plane (hkl) are, in
suitably - normalized triplet form, simply [2h+k, h+2k, 1(3/2) (alC)].
When four indices are used for the zone normal to plane (hkl),
however, the literature often uses [h, k, -h -k, | (3/2) (a/lCY] instead.
Thus as you can see, four - index zone _:a_mmm in square or angle.
brackets sometimes mix a single direct - lattice index on the right with

reciprocal - lattice “indices (normally in round or curly brackets) on the

left [6].

8.8 LATTICE AND CRYSTAL STRUCTURE
Simple lattices and their unit cells.
(1) Simple Cubic (SC):

Introduction to Basic Physical Chemistry Page 189
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pattern (crystal lattice) in two layers of hexagonally closest packed

planes: (AB) = HCP. Likewise, there is only one way to produce a

repeat pattern in three layers of hexagonally closest packed planes:
(ABC) = CCP. _

4 - layer repeats: However, there are two way to produce a closest
packed lattice in four layers: (ABAC) and (ABCB). By extension there
are increasing numbers of ways to produce closet packed lattices in
five layers, six layers, e.t.c, up to and including non repeating random
stacking. Thus, there are many closest (and pseudo - closest)
packings in natural and artificial materials. Holes (:Interstices”) in
closest packed Arrays Tetrahedral Hole: Consider any two
successive planes in a closest packed lattice. One atom in the A layer
nestles in the triangular groove formed by three adjacent atoms in the
B layer, and the four atoms touch along the edges of length 2r) of a
regular tetrahedron; the center of the tetrahedron is a cavity called the

ss; a guest sphere will just fill this cavity (and

tetrahedial (or Td) hc
touch the four host spheres) if its radius is 0.2247r.

Octahedial Holes: Adjacent to the Td hole, three atoms in the B layer
touch three atoms in the A layer such that a trigonal antiprismatic
polyhedron (a regular octahedron) is formed; the center of the
octahedron is a cavity called the octahedral (or Oh) hole. A guest
sphere will just fill this cavity (and touch the six host spheres) if its

radius is 0.412r, it can be shown that there are twice as many Td as

Oh holes in any closet packed bi layer.

Introduction to Basic Physical Chemistry
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internal, that is it is an ordered geometrical arrangement of atoms and
molecules on the crystal lattice. But, since the internal symmetry is
reflected in the external form of perfect crystals, we are going to
concentrate on external symmetry because this is what we can
observe.

There are 3 types of Symmetry operations rotation, reflection, and
inversion.

We will look at each of these in turn.

Rotational Symmetry

As illustrated above, if an object can be rotated about an axis and
repeats itself every 90" of rotation then it is said to have an axis of 4 -
fold rotational symmetry. The axis along which the rotation is
performed is an "element of symmetry" referred to as a "rotation axis"
The following types of rotational symmetry axis are possible in
crystals

[ 1 - FOLD ROTATION AXIS

An object that requires rotation of a full 360° in order to restore it to its

original appearance has no rotational symmetry. Since it repeats itself
one times every 360° it is said to have a I-fold axis of rotational
symmetry

ji 2- Fold Rotation Axis

Introduction to Basic Physical Chemistry




ion of 180°, that is twice in g

If an object appears -identical after a rotat
_fold rotation axis (3601180 = 2).

360° rotation, then it is said to have 2
es the axis we are referring to are imaginary

Note that in these exampl
nd toward you perpendicular to - the page or blackboarq,

lines that exte
-fold rotation axisg

A filled oval shape represents the point where the 2

QW(O)

iii 3-Fold Rotation Axis
Objects that repeat themselves upon rotation of 120° are said to have

a 3 fold axis of rotational symmetry (3601120 =), and they will repeat 3
times in a 360° rotation. A filled triangle is used to symbolize, the

intersects the page.

0w

location of 3-fold rotation axis.

iv 4-Fold Rotation Axis

If an object repeats itself aft 90° of rotation. it will repeat 4 times in a
. 0 . F

360" rotation, as illustrated previously. A filled square is used to

symbolize the location of 4-fold axis of rotational symmetry.




v 6-Fold Rotation Axis

if rotation of 60° about an axis causes the object to repeat itself, then it

has 6-fold axis of rotational symmetry (36%60 = 6). A filled hexagonal

is used as the symbol for a 6-fold rotation axis.

Although objects themselves Mmay appear to have 5-fold-7-fold-8-fold,
or higher — fold rotation axis, these are not possible in crystals. The
reason is that the external shape of a crystal is based on geometric
arrangement of atoms. Note that if we cannot combine them in such a

way that they completely fill space, as illustrated below,

EJ M e ————e —_h
Introduction to Basic Physical Chemistry Page 197
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The rectand'® shown above have two planes of mi
. i mirror
Three gimensional and more complex objects could h P
dave m

example, the hexagon shown above, not only has 6-f e
put has 6-mirror planes [5). -foldirotation;axis,
Note that a rectangle doe

s not have mirror symmetry along the

diagonal lines. If we cut th
e rectangle alon
g a diagonal such a
s that

labeled “m” as sh _
g : own in the upper diagram, reflected the lower half in
mirror, the
| . n we would see what is shown by the dashed lines in
ower diagram
g Since this does not reproduce the original rectangle,

the line “m” does not represent a mirror plane [5].

Center of Symmetry

Another operation that can be performed 1S inversion through a point

In this operation lines are drawn from all points on the object through a

the centre of the object, called 2a

ﬁmzi._co__wma with letter "I"). The lines each have lengths that are
ends of the lines are

m the original points. When the
IS reproduced inverted

point N "symmetry Center”

equidistant fro
the original object
in the diagram shown here, only a few

e. The right hand

connected,

from its original appearance.

such lines are drawn for the small triangular fac

ws the object without the imaginary linés th

e ————————
sic Physical Chemistry

at qmnﬁoacoma
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: m...n.. 199

Introduction to Ba




Download more at Learnclax.com



3a.

bi

4a.

5a.

Introduction to Basic Physical Chemistry

what is the molecular weight of dichlorobenze if 1.47g dissolved
in 509 of benzene raised the boiling point of benzene by 0.506
(Ko = 2.53, R = 0.0205at-dm’K-1 0.314J/K/mole. |
what will be the boiling point and freezing point of a solution
containing 160g of sucrose (C,,CH,,0,,) in 450g of water at
1atm pressure (MW of sucrose — 347g/mol) K,, = 0.512°C.
Explain the following terms with suitable examples: (a) system
(i) enthalpy (iil) bond dissociation energy.

State the first law of thermodynamics

Derive the change in internal energy. AE, for a system which
absorbs heat and does work.

Given the heat of combustion of ethane as -1550.88KJ and the
heats of formation of liquid water and carbon (IV) oxides as -

285 8 and -393.5KJ respectively. Calculate the heat of formation

of ethane.
State the law of mass action
Explain the effect of (i) pressure (i) temperature  (iii)

concentration on equilibrium position.

For the reaction Hy + I, +—= 2HI

K = 45.9 at 490°C if one mole of Ha, two moles of 1, and three
mole of HI are injected into a 1dm” box.

Determine the equilibrium concentrations of reactants and

products at 490°C.
Identify the acid-base conjugate pairs in the following equations

NH>, + NoH4 " NH; + NoH 3

Page 201
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_.m”awr.ﬂyﬂ.? Basic Physical Chemistry

reactant molecules collide less frequently d)

(d) achivation
snergy is lowered -
energ) (€) reactants molecules are independent of

ependent o

temperature

Which of the following includes all the aims of Kinetics (i) to
measure the rate of reaction (ii) to be able to predict the rate
of reaction (iii) to be able to establish the mechanism by which
a reaction occurs (iv) to be able to control a reaction (a) I, i

d b) | anc ~\ il anc .
and iii (b) | and ii (c) i and iii (d) ii, iii and iv (d) I, i, i and v

A reaction A P is a second order pcoess with T =23 min at
an initial concentraton of A = 0.5M. What is the concentration
of A after 1 hour elapses? (a) 0 139M (b) 0.263M (c) 0.822M
(d) 0.175M (e) 0.158M

Molality is the number of moles of the solute that is present in

of the solvent (a) 1dm? (b) 1000cm’ (c) 1m°> (d)

1000dm’ (e) 10009

The solid phase of a solution occurs when the solution is

(a) vapourised (b) boiled (c) saturated (d) frozen

—

(e) none of the above
The adsorption of Hz by palladium forms a solution in which
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sthane (a) -890-36KHMOI" (b) -604.62KJmol” (
1040.02KJmol" (d) 754.19KJmol ", c)

2
d

A thermochemical equation consist of (a) reactants (b)

products (c) reactant and m
products (d) a balanced i
. chemical

34. T
he law that enables thermochemical equation to be added or
subtracted is (a) Lavoisier and Laplace law (b) Hess's Law of
constant heat summation (c) the heat addition and subtraction

law (d) the law of mass action.

tad

Lh

The mathematical statement of the first law of
thermodynamics for a system that does work on the
surrounding is (a) AE =g-w (b) AE =q+W (c) AE=-q-W

(@) CAEN= 2QFW.

36. One of these IS not a state function (a) pressure (b)

temperature (c) volume (d) density

(b) volume (c)

s
I

One of these is an intensive property (a) mass

enthalpy (d) density

~ page 209
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of increase in intermolecular forces. This statement refers 10
(a) Charles jaw (b) Avogadros law (c) Boyles law (d)
Charles |1aw and Boyles law.

43. The gram weight of exactly 1000dm” of O, gas at STP is (a)
145g (b) 147g (c) 143g (d) 144g.

44. Two porous containers were filled respectively with H, and Oz
at STP. At the end of one ‘hour 880cm’ of H, had escaped.
How much O, escaped during the same period of time? (a)
180cm’ (b) 200cm® () 220cm’ (d) 240cm’.

45 One mole of CO, was found to occupy a volume of 1.32dm’ at
480C. calculate the pressure that would be expected from the
ideal gas? (a) 18.94atm (b) 19.88atm (c) 19.94atm

(d) 18.84atm.
16, The volume of container is (a) 15dm’ (b) 1.4dm° (C) 1.3dm’

(d) 1.2dm’

47. The mole fraction of hydrogen in the mixture is (a) 0.860 (b)

0.865 (c) 0.870 (d) 0.875.

asic Physical Chemistry
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