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¢ Gases assume the volume and shape of their containers.

» Gases are the most compressible state of matter.
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-+ Gases will mix evenly and completely when confined to the"'s:a'me container.

TABLE 5.1

Elements

Compounds

H, (molecular hydrogen)
N, (molecular nitrogen;)
O, (molecular oxygen)
Os (ozone)

F» (molecular fluorine}

Cla (molecular chioring)
He (helium)
Ne (neon}

, Ar {argon)
Kr (krypton}
Xe (xenon)

Rn (radom

*The boiling point of HON is 26°C. but it

L s close enough w gualify as 2 2as o1 ordinary aonospheric conditions.

HF (hydrogen fluoride)
HCI (bydrogen chloride)
HBr (hydrogen bromide)
HI {hydrogen iodide)
CO (carbon monoxide)
COa (carbon dioxide)
NHaz (ammonia)

NO (nitric oxide)

NO; (nitrogen dioxide}
N-O (nitrous oxide)

SO, (sulfur dioxide)
H-S (hydrogen sulfide)
HCN (hydrogen cyanide)*
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Pressure = j o
Area

A device that can weigh the atmosphere above us . ( filled with mercury).

: A device for measuring the pressure of a gas in a container.




Atmospheric pressure: is the pressure exerted by Earth’s atmosphere.

Pzscal : is Siunit of pressure .




1.

Convert 2.0 atm to mmHgis :

a-115 mmHg b- 0.27 mmHg ¢-1520 mmHg d- 1250 mmHg

2. Convert 688 torr to atm ( atmosphere ) is :

a-11atm b- 1.27 atm c- 0.9atm d- 1250 atm

3. Convert 5 atm to k pa

a) 0.739 atm b) 4.27 x 10°atm d) 0.562 atm

§ Video { 7))

was 732 mmHg .What was the pressure in K Pascal ?

Al o atm '  mmHg (=dsaia

732 mmHg /760 = 0.96 atm

0.963 atm x 1.013 x10° = 9756 pa /1000 = 97.5 K pa
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Gas Laws <l

“UBoyle’sLaw , V - P relationship

» Charles Law , V - T- relationship

.+ Avogadro’s Law ,V and Amount

K constant -

:PZ.VZ




1. Under conditions of fixed temperature and amount of gas , Boyle's law requires that

g I PVi=P,V, Il. PV = constant . Py/P,=V,/V; EE Video ( 9)
a) lonly b) ll only c) Il only d) I, I, and 11l

2. For a gas, which pair of variables are inversely proportional to each other

(if all other conditions remain constant)?

Video (13) ?

> Pl V1: P2V2

_ PiVi 726 X946
v, 154
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= 4459.7 mmHg




A balloon is put in a bell jar and the pressure is reduced from 762 torr

to 0.500 atm. If the volume of the balloon is now 2780 mL , what was% Video { 14 )

i

S o ———————

= 76 1orr =

762
760

=1.003 atm

P, = 0.500 atm




5. A sample of oxygen occupies 47.2 liters under a pressure of 1240 torr at25°C.

What volume would it occupy at 25°C if the pressure were decreased to 730 torr ?

a)27.8 1L b) 29.3 L c)32.31 d)80.2 L ’
= 1240 torr , ,:
= 730 torr :
1240 X 47.2 -8 ; 91
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ries and Gay Lussac’s

Law

|| Video( 15)

Charles’s and Gay-Lussac’s Law states that : the volume of a fixed amount of gas

(n is constant) at a constant pressure is directly proportional to the temperature .

Video ( 16)




_ 154 %398
T 3.20

% Video ( 18)

000

7K

_Tiw, _273x2.80
~ 257




Avogadro’s Law

Video { 19}
At constant pressure and temperature

the volume is directly proportional to the number of moles of the gas .

{;i!!,olh.u. 2o Lussha jI&ll oan cuulitiy dylyally lasaall cigash sic ) S

Equal volumes of gases contain equal numbers of molecules

The gas doesn’t matter




1. 0.82 mole of Hydrogen gas has a volume of 2.00L at a certain Temp and pressure
What is volume of 0.125 mole of this gas (atsame Tand P ).

g-0.0012 L b-0.250 L c-0.305 L d-40 L

How many moles must be

0.255 mol

22 mol

> L7
ny np

! ,.nl.xvz 0.255 x6.48
P nps = = 0355 1L
> 2Ty 4.65

Moles added =n,. n;, = 0.355 - 0.255 = 0.1 mol




Pressure law &x&all o gild

=5 = goRK

p, S, FLoauWy , T, =475= 748 K
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1. A small bubble rises from the bottom of a lake , Where the températuré‘éh_dipi‘essu'(re are
4 °Cand3.0 atm , Where the temperature is 25°C and the pressureis 0.75 atm .
Calculate the final volume of the bubble if its initial volume was 2.1 mL :

Video { 23)
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p; = 740 torr , T, =35°C =35+273 =308 K

p; = latm=760torr , T,=273 K

740x6 _ 760« v,

308 273

Vz = 5,18L
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© Standard temperature 07

¥ Standard pressure
& Standard Volume

g Fact *One mole of any”ga;‘.aththes@'v‘éondition will occupy a volume equals 22.41 L.




1. Calculate the pressure (in atm) exerted by 1.82 moles of the sulphur hexa flouride

o
in a steel vessel of volume 5.43 L at 69.5 °C. g Video  25)
£

543 L , n=18 mol , T

> PV =nRT

> R =0.082

P_anxT _ 1.82 X 0.082 X 342.5
Ty B 5.43

Video ( 26 :

P = 1520 torr/760 =2atm.

T=100% +273 = 373%

2 % 2

txr © Ooszars - 0-13mol

s Y pe pennd S S KRy pad

T=100+273 =373 K P=760/760 =1

PV_ 1 %2

RT  0.082 x373 =0.065 mol

n=

Mass = n x M,, Mass=0.065 x32 =2.09 g




4. What pressure in atm would be exerted by 76 g of fluorine gas F; in 1.50 liter at -37°C?

i Video ( 29 )

T=-37+273 =236 K

R =0.082 P=7? atm

-PV=nRT

nRT 2% 0.082 x236

p =28 o ZX0082 _ 958 atm
vV 1.5 :

—47—0 - 0.44 moles

T=273 K

P=1 atm

0.44 x 0.082 x273
1

=9.7L

v=1040/1000=1.04L T=273 K

P=1 atm R =0.082

PV=nRT

= 0.047 mol




7. A container with volume 71.9 mL contains water vapor at a pressure of 10.4 atm and
a temperature of 465°C. How many grams of the gas are in the container?

a)0.421g b)0.222 g c)0.183 g
v=71.9/1000=0.0719 L T =465+273=738 K
P=10.4 atm R =0.082 =7??

PV=nRT

mol.

PV 104 x 0.0719 E
n=s— ==——————— =0.012
. RT 0.082 x738

Mass = n x My, (n20)

Mass = 0.012 x 18 =0.222. g

Csbdl JBs water vapor O Bs!

2.74 L,

PV - 0.135 mol

RT

mass=n X M, = 0.135 x28




9. A 1.2 g sample of gas has volume 0.1 L at 25 °c and 1.15 atm .Calculate

the molar mass of the gas ?

e

Mass =1.2 ‘g,

mol T=25+273 =298 K

> PV = nRT > n= 0.0047' mol

mass = n X My, .

'a volume of 3.00 L at 1.00 atm and a

| Video ( 32) i

?? mol , T=45+273=318 K

' PV = nRT

PV 1x3

= ———— =(0.115 mol

¥ o= —
RT 0.082 x 318

mass=n X M,

n 0115

mass 4,37
My, =288




11 - 10.0 Lflask contain 14.1 g of unknown gas .If the pressure in the flask
2.3 atm at 65 °C. What is the identity of the gas ?

3Gl b- NH3. c- NH, d- CH,

12. Determine the molar mass of chloroform gas if a sample weighing 0.389 g is collected in a
flask with a volume of 102 cm® at 97°C. The pressure of the chiorofprm s 728 mmHg.

a) 187 g/mol b) 121 g/mol ¢) 112 g/mol

d) 31.6 g/mol

L 0389
mT318x1073

= 121 g/mol




13. Calculate the molar mass of a gas with mass 0.311 g that has a volume of 0.225 Lat 55°C

and 886 mmHg

P= 886/760 =1.16am |, Mass = 0.311 g

n=7?

v=0255 L , T=273+55=328K




14. How many molecules of N, can be presentina 2.51L

Flask at 50 ° C and 650 mmHg ?

a-1x10° b-1x10" c- 4,9%x10%*

0.855 atm 25 L, n=?? mal

T =50+273 =323 K

d-3.6x10%




15. A sample of hydrogen gas was collected over water at 21°C and 685 mmHg.

The volume of the container was 7.80 L. Calculate the mass of H,(g) collected.
(Vapor pressure of water = 18.6 mmHg at 21°C.)

a)0.283 g b) 0.57 g c)0.589g d)7.14g

penie A e e s SR e A ) ol S, Rl M Al e e
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¢ Eeysiagen e Video ( 33-34)

and water va I:’C)]'

Water

e Sulfuric acid
| solution

e Zine metal

'P'""quta’I,:" _gas + P water vapor

6852 P, + 18.6

PV = nRT

0.876 x7.80 = n x 0.082 x 294

0.283 mol

mass=n X M,

mass = 0.283 % 2 =0.57 gram % video { 25)




16. A sample of hydrogen gas collected by displacement of water occupied 30.0 mL at 24°C

and pressure 736 torr. The vapor pressure of water at 24.0°C is 22.4 torr.

What volume would the hydrogen occupy if it were dry and at STP?

nRT. _1.15x1073x0.082x273
i % - 1

= 0.026 L x 1000 = 25.89 mL
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f one components to the

: o 7

it has not units }

¢) unitless

2. Refer to Dalton'slaw o:f;pqg"“t‘_ié;_preé’Sures and explain what mole fraction is

of moles of one component

components present.

c) The -‘nur:ﬁber"b‘f moles of one component divided by 100

d) The ratio of the number of moles of all components present to the number
of moles of one component. |
|




3. A mixture of three gases has a total pressure of 1,380 mmHg at 298 K. The mixture is analyzed and

is found to contain 1.27 mel CO, , and 1.50 mol Ar and Co 3.04 mol. What is the partial pressure of Ar ?

a- 0.258 atm b- 356 mmHg c- 5,345 d- 8,020

Video ( 37 )

D R e

Neoz = 1.27 mol

M= 4.5 Mol

N

=
i @25

NcH4
n¢

I a PcH4 -
Pt

@ pCH4 =239 torr



5. The mole fraction of nitrogen in air is 0.6808 .Calculate the partial pressure

of N, in air when the atmospheric pressure 1.2 atm .
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# The density of air decreases very rapidly with increasing distance from earth.

% Video ( 39)
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Video ( 40)

and 0.99 atm pressure .

2. A chemist has "'syn;chégsivsed“a ggéeh‘-yellow gaseous compound of chlorine and oxygen

: _itsd'eﬁsity is 7.71 g/L at 36 °C and 2.88 atm.

d___'pMm
RT

_7.71x0.082 X309

= 67.8 g/mol



3. The density of chlorine gas at STP, in grams per liter, is approximately:

a)6.2 b) 3.2 c) 3.9 d) 4.5

e

2=355x2=71 g/mol R=0.082 [

T=273 k p=1 atm

1 x71

Density = ————
Y 0.082 x 273

=917 gL

d) 16.6 g/L

0.082 x 298




5. What is the molar mass of a pure gaseous compound having a density of 4.95 g/L at
-35°C and 1020 torr ?

a) 24 g/mole b) 11 g/mole ¢) 72 g/mole d) 120 g/mole

?? g/mol T= 238k

p =1020 mmHg /760 =1.34 atm

72 g/mole

6. What is the molar mass of Freon-11 gas if its density is 6.13 g/L at STP?

a) 0.274 g/mol b) 3.64 g/mol d) 137 g/mol




Gas at the same temperature and pressure ?

2 NN NGB m—N O

2. Calculate the volume of;_Q'Z‘s(in:"L):.‘g"gqu ed for the complete combustion of 7.64 L

of (C,H,) measui’iéd«at"’%hé'Sarrié T&P.




4. Ammonia burns in oxygen gas to form nitric oxide (NO} and water vapor. How many volumes of NO
are obtained from one volume of ammonia at the same temperature and pressure ?

E Video ( 42) %

4 NH; (g) +5 O2 (g) > 4NO (g) + 6 H20 (g)

a) One b) Two c) Three d) Four

ooy

4 NH; (g) + 5 0, (g) - 4NO (g) + 6 H,0 (g)

1 liter x L

B

4 4

A

0.85 atm , v =?7 0.45 mole , T=800k.

»PV= nRT
0.082 >V =348 L




6. How many liters of chlorine gas at 25°C and 0.950 atm can be produced by the reaction of

12.0gof MnOz? Mn02(5,+ 4HC‘(aq) - MnClz(aq) + ZHzou) + Clz(g)

“

| Video ( 44)

a)5.36x 107 L b) 0.138 L c)0.282 L

X (n)=0.13 mol

* T=298K , p=0.S5atm




7. Calculate the volume of N, generate at 80°C and 823 mmHg by the decomposition of

60 g of NaNz . 2NaN3 (s) - 2 Na (s) T 3N, (g)

| Video ( 45)

60 g A x(n)
130 g 3 mol
X (n) = 1.38 mol
* T=353K , p=108atm R=.082
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( Wave : vibrating disturbance by which energy is transmitted .
deo (

Vi

Wave length (A) : The distance between identical points on successive waves .

Amplitude ® : is the vertical distance from the midline of a wave to the peak or trough . =
- 7 : .
Frequency(v) :ls the number of waves that pass through a particular point in 1 second

\/ Amplxludc \/ |

Wlength
o : Ampnwdc 5

V\/\v/\/\/\/\ﬁ\ﬂf\

Video { 2)
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amagnetic radiation

Electromagnetic radi
ion-and transmission of energy in the form of electromagnetic waves.
h

CAaunklise g e Sl e jpa 8 AL JE0I 8 1 Apedaliin g 0 SH AsdN 23

> sall J skl 5 aa yill 2 lpany o Auphlindl Gla gall alias -»
dndalinag ¢ eSOl Cla gl CaDEAL Ol g3 gal) A8l olidy -
All electromagnetic radiation travels at the same velocity: the speed of light (c) .

&cﬂ\u&t@wb&,ﬂjﬁ\ L'JA}AM@AA i

Sp:eédg of yﬁ,gsh'%:(a} in ms:um - 3.00x 108 m /s
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e

1or-® ot 10 10° 102 107 10 103! 18
wWavel rth (nuem) ) L L L 1 3 Il 4
1030 10%% 1P 104 1042 pote 10 107 1o*
Hrequency (Hz) ¢ 4 i L L i 3
=
Gamma X ravs Ultra- = lonfrared Microwave Radio waves
Tays violet -
Type of radiation 1 : { I 1 3
A Iy 4
i
Video ( 3)
X ray Sun lamps Heal Microwave ovens. UHF TV, FM radio. AM
lamps police radar, cellular VHEF TV Tadio
sarellite stations telephones
ta
| 1
200 nm 00 HOC 700
its frequency and ............ proportional to its wave length

1.The energy of a photon of light.s

¢) inversely, directly

c) A=cv

d) directly, inversely

d) vA =¢

A

s




3. What is the frequency (s™) of electromagnetic radiation that has a wavelength of 0.53 m?

a) 5.66 x 10° b) 1.8 x 10 c) 1.6 x 10° d)1.3x 107

= 053 C=3x10%m/s

C=A xv

_3x108

B 8
e 5.66 x 10 Hz

equency of 8.6 % 102 Hz ?
Video ( 6 } ?

¢=3.5% 10°nm d- 2.9% 10°

3.5%x10° m = 3.5x10° % 10° = 3.5%x10°% nm
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Ej Video ( 7} 0
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5. The wave length of the green light from a traffic signal is centered at 522nm .

What is the frequency of this radiation?

22 nm

C = 3%x10% m/s
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anck’s Quantum Theory
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& The amount of radiant energy emitted by an object at a certain temperature depend on the wave length &~

Plank explain this: Energy (light) is emitted or absorbed in discrete units (quantum).

& Quantum : is the smallest quantity of energy that can be emitted (or absorbed) in the form of electromagnetic radiation.

®> Quantum Theory: energy is always emitted in integrals multiples of hv .

E : isthe energy of photon (Cs8sill) 43La
h : Plank’s constant , h = 6.63 x 1073 J: idy
A : wave length (m) > sadl Jghll
V : frequency of radiation a4l

1. Calculate the energy (in J):of‘a. thon with a wavelength of 5.00 x 10* nm (IR region)

it

wmwimm

6.626 X 10734 x 3 x 108
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2. The wavelength of a photon of energy 5.25 X107 J S wvverereeresseveerens m

a)2.64 x 10°

b) 3.79 x 10”7

e

€ 2.38 x 10~ d)4.21x10%

08 m/s h=6.626 x 1073

_ 6626 x10 3*x3x 108 %

=3.79 x 1t

5.25 x10-19

3. The blue color of sky result from scattering of su@lig

blue light has a frequency of about 7.5 x 10°

b) 1.45 x 10™°

Lo

c) 6.61 x 10" d) 2.30 x 10’




AN Emission Spectra of atoms :

K = o e e L T e R e e e e

6
5 |
: il
Bmcket
series
1 YYYY
Paschen
series
g‘ YYYy
13 2 Bulmer
serfes
Series n m Spectrum Region
Lyman ] 234, Ultraviolet
Balmer 2 34.5... Visible and ulraviole!
< Paschen 3 4 Infrared

Brackent Infrared

2 (s simaall 8l il ginall (g iy SSIY1 JlE vie G 1 Ballmer Series

6 stmall (M 5 el iy sl g il WY Jlil e Sl 1 Panchen. Series

/
A sl e el il dadl (e s YT JES| vie Cep Brackett Series o
\_
o5 sl Al il e s Y1 S 2 G 1 pfund Series e
\e st ‘ e,
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E Neil Bohr: study the emission spectrum of the Hydrogen Atom .

M Bohr postdlates that the electron is occupied ONLY certain orbits of specific energies .

THUS: the emission spectrum of the H atom results from: the hydrogen atom is energised .

B Electron excited to higher energy orbit - drop to a lower-energy orbit emits a quantum of energy .

1

In the case of hy

Video (13) |
1. Calculate the value of the energy level (n = ydrogen atom according to

Bohr -Theory .

o

2. An electron is a@B hrfhy, rog “nvatom has energy of -1.36 x 10

). The value of n for this electron is

c)3 d) 4

F=-1362x10%*° R, =2.18 x 10 718

1

AE:—Rh ‘T‘l"z‘

1
-1.362x10%= 2,18 x 1018 [—2]
n




When photon is emitted

n; > Ng
AE is negative

Energy is lost to the
surrounding

When photon is
absorbed
AE is positive

Energy is gained from
the surrounding

. 48 (Absorb) (alaid Ala i ¢

n=2734, ..

Excited States & Ll cuyisll
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1. Calculate the energy in joules , required to excite a hydrogen atom by causing an

electronic transition from n =1 to n = 4 (principle energy level ) ( R, = 2.18% 108 J)1/n?.

e

AE =2.18x 1018 [1

1

b e

Video ( 16

2.18% 1071 Ul ol

1

1
AE=R} |—=——
" |n2 n;

—2.18x 10718 [i—ﬂ

= 155 x 10




3 . The second line of the Paschen series occurs at a wave length of 1282.4 nm . What

is the energy difference between the initial (n=5) and final levels of the hydrogen atom

in this emission process? Video (17

a- 2.44% 10 | b- 6.81 X 10 ** J c-155 X 10 ) d-3.09 X 10 % J

T

h: =5 ,n, = 3(Paschen). , Rjy= 2.18x 10 4kl s




transferfromn=5ton=2. Video ( 18)

1 1

AE=R, |=>—-—
" n? nlzf

AE =2 .18 x 10718 [fg—ﬂ = .45 X107

45 x 1071

. 14
el 6.7x10 " Hz




5. The n = 2 to n = 6 transition in the Bohr hydrogen atom corresponds to the ............. of a
photon with a wavelength of .........c.ccccc... nm.

a) emission, 411 b) absorption, 410 ¢) absorption, 657 d) emission, 389

* The electron is mdwhg from a smaller value of n (2)toa Iérger value of n (6), it

must be absorbing energy E =+value. &




1. Principal Quantum number ar momentum gquantum number

(n) i A<D afac] (L) gl ol asef

ETET

» determines the energy of an orbital .

H » determines the distance of the electron from the nucleus.

Aot AN L ghie dasy 23 e

Ans <l A a8 A8 Gy gl 2aeg

(S, P, d, f) sl Lo il il giuad) AU 24

AK,L,M,N,0, P,Q) Jse g

gsﬂ1gﬁud\géauj)3ﬁ}’\¢gam¢a§\guﬂ s | »

£ =2(2 ¢ +1)

s.shell|

IINo .of electrons :

S=2 p=6 d=10 f=14|

S e P T e oy e gt

A



guantum number

(mg) Aol asll slac

Al ¢ g AN S e Ao g daay |

€ Determine the orientation of an electron in atom

AN Aol g e D

NV ZGM\QJ&;UASGQE

D oalad) g S AS a M3 ey e et

orbital ( Bills )
D: 5orbital ( Complex )

F :7 orbital ( Complex )




CHEMISTRY CH {7} Ttiohamed khiv all....

Number of 4 orbital name
orbital

-1,0,+1

-2,-1,0,+41,+2

-3,-2,-1,0,+1,+2,+3

3. d subshell have an angular quantum number (L) have value :

a-0 b-1 c-2 d-3

4. f sub shell have an angular quantum number ( L ) have value :

(@X
1
w

a-0 b-1 c-2

L n. of electeron

Ky



5. The angular quantum number (L) s a8l 2 is 3 in.eeen... oOrbitals . ( a&2)

a)s b) p c)d

6. The number of orbital’s ( i) s ) in S sub shell (M\ ) is:e £% £
0 St ¥ i

a-1 b-3

€=.5

d-7

7. The number of orbital in P sub shell is

a-1 b- 2

8. The number of orbital in d sub shell is &

10. The number: is

P LA )7
V" b,
[ disall g

clig SN ae 4

19, HSW@hiﬁan\;?“electrons can be placed in the S sub shell ?&

a-2 b- 6 c- 10 d- 14 fil
12. How many electrons can be placed in the P sub shell ?
a-2 b- 6 c-10 d-14




13. How many electrons can be placed in the d sub shell ?

a-2 b- 6 =10 d- 14

14. How many electrons can be placed in the f sub shell ?

a-2 b- 6 c-10 d-14

15 .The maximum number of

the principal quantum number n is

a)n+ b) 2n

d) 32

1e maximum number of electrons in principal shell : 2n’ =2x3%=18




17. What is the total number of electrons associated with the principal quantum numbern=2?

a8 b) 2 ¢) 18 d) 32

18. What is the total number of electrons associated with the principal quantum numbern=37?
a)8 b)2 c) 18
1

(3 usal) JalSlly 3 il (o gicnall b @l SV ass i

ALy (ot M) 9l S (LIS g SN comany 1 Gl g Gl 2 g ?

o

Video ( 22

i : &
Jallly (onai ) 5l IS B LS i AL Gy 1 g g0 (il ; JIged! xa E

% %

21. The maximum number of orbital that occupy energy level described by principal

guantum number nis:

a-n A b- n+1 c-n d- 3n°




(25880 ) JalSIl 2 il s el (B il i S

22. What is the total number of orbital's associated with the principal guantum numbern=27?

a)1

b) 3

c)4

@ n=1:for know the maximum number of orbital's in principal shell: n* =

24. What is the maximum number of electrons descri

26. What is the maximum number of orbitals described by the quantum numbers:n=3 1=0
ajl b) 3 crb d) o

27. What is the maximum number of 6rbital s described by the quantum numbers:n=3,1=2

Y

&

:Eged

he quantum numbers:n=3 =0

Video
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Video (26-27) |

> List the values of n, | and m, for orbital's in 3d sub shell .

- n:3, L:2, ml:-2,-1,0,1,2 , ms: +1/2 , -1/2.

n=3, L=0 ,M =20

b- n=3, L=1 , Ml = 1,0,1

c- n=3,1 L=2 ,Ml=-2-10,1,2

g Video ( 28 -29) g
n L m L ms
4 3 =) + 1/2
; 3 0 1 -1/2
. Row 3% 3 0 0 +1/2
| 2 1 1 - 4/2
2 0 0 + 1/2
b- Row 2 c- Row 3 d- Row 4
Video (30 ) E

3. Which of the following is not a valid set of four quantum numbers? (n, €, m€, ms)

L4

a) 2,0,0,+% b)2,1,0,-% c|1, 1045 d) 1,00 +%




es of Orbitals

= Energy of orbitals in 2 single ele

ctron atom @ depends only on principal guantum number n .

Video [ 31}

Orbitals on the same energy level have the same energy .

4d = 4f
%

a) bottom state.

.

ground state. c) fundamental state. d) original state




&

& Aufbau Principle (“Fill up” electrons):

The electrons are added one by one to the atomic orbitals in lowest energy orbitals.




Electron configuration




c) (3,0, -1, +1/2)

d)(3,1, -1, +1/2)
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6. The maximum number of electronin 2P in 5N :

a- 1 b- 6 c-4

7. No two electrons in atom can have the same four quantum Number is a statement of

a-the Pauli exclusion principle . b- Bohr's equation

c- Hund's rule
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UNa 1s® 2s* 2p° 3s*

Pmg 1s? 25 2p° 35

s 1s® 2s* 2p°® 35 3p*

i G 1s% 25? 2p°® 35° 3p°® 4s? %, .k(OR) [Ar] 4s

(OR)  [Ar] 4s®
(OR)  [Ar]4s®3d*
(OR)  [Ar] 4s?3d?
(OR)  [Ar] 4s*3d"

[Ar] 4s® 3d* 4p*

b-Tc: [Kr] 4d’ c- Tc: [Kr]5s*ad’ d- Tc: [Kr] 4d°

2. Use the Auf bau principle to obtain the ground -state electron configuration of Ses, :

a-Se :[4r]4s® 3d™ 4p® b- Se:[Ar]4s® 3d™ 4p*

c- Se:[Ar] 4s* 3d*%4p° d- Se : [Ar] 4s® 3d™ 4p°




e abl....

3. Determine whether all the ground - state electron configuration for the elements

in correct:

a- Ge : [Ar] 4s* 3d" 4p’ b- Fe:[Ar] 4s* 3d°

¢- Zma[Ar]as" 3d" d- Ni: [Ar] 4s* 3d®

5. The electron configuration of Cr ,, atom is : 3¢

a- [A4r] 4s* 4d" b- [Ar] 4s® 4p®3d®

o Cr oy : [Ar]ye 4s* 3¢°

i

&
N
.

4. The ele'ctron‘tgnfié‘

c- [Ar] 4s® 3d° d- [4r] 4s' 3d"°

OE B HEee S d sl (e

g
-
it
H

4 4 g
.

Cu 5 : [A7] 45" 3d° 3d° (1 4s® e s A Jiy 1) .

T O U RO
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Paramagnetic & Diamagnetic
Video ( 40-41)

Paramagnetic substance: is the that contain net unpaired electrons in the outermost

Diamagnetic substance: is the that do not contain net unpaired eléc

19K

Orbital diagram:

Orbital

sub shell and is attracted by a magnet.

Paramagnetic
unraired electrons

2p

WP L riryis

ilisi 2s° Zp6

All electrons are paired - Diamagnetic substance
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1. How many unpaired electrons does chromium have?

2%Cr : [Ar] 4s® 3d* (EXCEPTION) = %'Cr: [Ar] 4s' 3d® Unpaired electrons is 6 .

2.What are the valence electrons of vanadium (V)? 2 - [Ar] 4st 34

3. What are the valence electrons of gallium Ga?

unpaired electrons and is ............. :

¢) 3, paramagnetic d) 2, paramagnetic




& Horizontal Rows in periodic table are called periods ( «l_gall ).

&% Periods: are the horizontal rows, There are 7 Periods .
& Vertical Columns are groups ( <\ i) families; elements have similar properties
i _;‘J.‘t.j‘y saadt LB AL

o

& Groups: are the vertical rows There are 8 groups, assigned as 1A-to - 8A ,

Also 8 groups are assigned as 1B -to -8B .

A Joaadl 8 sealiall oof 0 43 22

Alkalines

C.\L’a. sl Copyright & The McGraw-Hill © pant inc. Per st tor ] or ¥

aiaiine -earth “Ilyejarn Periodic Table

P B SRR N {1 —
14 Transition Element

AJEENY jaalindl

Halogens

il il

Nobel
gas




important Notes

@ Elements in the same group have similar chemical and physical properties.

& Groups 1B-to-8B : are called the Transition Metals ( 35! jaliall) |

&€ Group 1A elements : (Li, Na, K, Rb, Cs and Fr) are called Alkali Metals ( 45l (aladll) |

&€ Group 2A elements : (Be, Mg, Ca, Sr, Ba and Ra) are called Alkaline Earth Metals. (Fm ) odbadll).
& Group 7A elements: (F, Cl, Br, | and At) are as Halogens.

& Group 8A elements :(He, Ne, Ar, Kr, Xe and Rn) are called Noble .Gases or Rare gasses

(B <l 3 ) Al ) J8),

Most metals is i T =
agood conductor of | 17 Eelements : iS HJND metdlioids -
nERE a.m.d poor conductor of 8 elements : are
eceiany heat and intermediate
(Gp: 1,2,3) Electericity. between metals and
e . metals .
(Transition metal ) (Gp:5,6,7,8) e -
. and H. . B-Si-As Te-At
Ge-Sb -Po
el N | d,,.ow) P (LT o J’_‘pw;
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Electron configuration ! Position of element _ The period

Groups i Element

‘ rup 1 iy i n=1- period1

group 2A n =2 -> period 2
group 3A n =3 - period 3
group 4A n =4 - period 4
group 5A n=5- period5
group 6A _ n=6 - period 6
group 7A n=7-> period7
group 8A

:. Q;JJASYJJA@J‘&JMSJ‘SAH ?QJA.‘%JAJ.S &

(N oST) G mosll B i oS axe SST = 550l L

t(A) ALial aliall de ganall B paadl

oY e M ABUN Jlae 8 iy KV 220 ¢ gene = Ao penll QB

1. The element that has the valance electron configuration 3s” 3p° is:

a- Carbon b- Nitrogen ¢- Phosphorus d-Neon

2. An atom of a certain element has 15 electrons. Without consulting a periodic table,
answer the following questions:
(a) What is the ground-state electron configuration of this element? 1s® 2s® 2p® 3s% 3p°
(b) How should be element be classified ? Period 3, group 5A . The element is representative element. |

(c) s the element diamagnetic or paramagnetic ? paramagnetic (3 un pair)




1.Which of the following sets of elements is expected to have similar chemical properties?

a) Sulfur and phosphorous  b) Sulfur and oxygen c) Sulfur and argon  d) argon

2. Titanium (Ti)element is found in the periodic table in

(a) s-block (b) P-block (c) d-block (d).“f-block

3. Characteristics of noble gases include:
a. filled sand p sub shells. b. monatomic gases.
c. generally un reactive chemically. d. all of the above

6. An example of representative elementis :

a-Cr b- Ca c- Cu d- Fe

7. Representative elements are also called :

a-sub group b- main group c- non metals d- metals

8. Which of the following is a metalloids ?

a-Bi . ; b- Pb ¢-Ca d-As

9. The element in group 2A are know by what name ?

a- transition element b- halogens
c- alkali metals d-alkaline earth metals
10. The alkali metal elements are found in ......... of periodic table

a-Goup 1A b- Goup 18 c- Goup 2A d- Goup 3A




11. Which one of these elements in a transition element?

a-Nickei b-Tin ¢- Sodium d- Sulfur

12. The liquid in the fourth period is :

a- Ca b-Br c- As d- Sc

13. Which of the following is not a representative element?

a-Cs b- Al c-S d- Ni
14. Scto Zn are called .......... row transition metals :
a- Second b- third c- fourth | d- first
15. The sub shell which is gradually filled in the transition metals s :
a-S b-d » c-F d-p

16. which of the following is the general electron Configuration for outer most electrons
in the alkaline Earth group :

a-ns & &% » b-ns c- ns' np? d- ns*

17. Elements having eight electrons in their valence Shell are :

a-noble gas b- halogens c- alkali metals d-metal

18. The elements having ns’ configuration in their outermost shell are :

a- noble gas b-halogens c-alkali metals d-metalloids

m

&




19. Anon metals of the following is :

tmvwwww"ﬁ} L

a-Ba b-Fe c-P d- Cu

20. The general electron configuration for atoms of halogen group is:

a- ns® np® b- ns* np G- fis np6 (n-1)d’ d- ns® np’

L BN As gana o L_;JLAJEJSMQAJQA‘;W:\EL}:M e lig il 4 1 valence electron : 4l

21.Consider the element with the electron configuration[K7] 5s* 4d’:

a- Non Metal b- a transition metal c-metalloids d- representative element

22 - Which two electron configurations represent that would similar chemical properties

(1) 1s%2s%2p* 2} 1s 2522p5
(3) [Ar] 4s*3d"4p? (4) [Ar] 4s®3d"ap*
a- (1)and (2)  b- (1) and (3) ¢- (1) and (4] d- (2) and (4)

W;w:imrs:«mr%




lons

k

I

| S

(. : )
| |  cation:ions whith + ve charge 3 |  Anions :i ons with - ve charge
~ (losse). (gain).
. ‘ L ! : i
(- — ( N =
e poly atomic mono atomic polyatomic
Na*, K*, Mg* NH4+ Cl , BE 5 OH" ,(p04) E

H: 1s' H 152 or [He]

PSR F leosag o Ny O Ve 34! Na* [Ne]
0: 192520 O t2s2ppor N CO LAT] 4s? Ca** [Ar]
N: 1s22s22p N 1stastzptor Ne)  AlL [Ne] 3s23p! AlR* [Ne]

lons derived from transition metals : ~

When a cation is formed from an atom of a transition metal :

| Electrons are always removed first from the ns orbital and then from the nd orbital .

{ﬁ*"j@a 3adr X

[Ar']4so3d’° or [Ar]3d6 v

Maner

b 510s £
poN
t
ih
v
g,u
g
oy

(a) [Ar] 4s” 3d°

(b) [Ar] 3

7

d’ (c) [Ar] 4s* 3d°

e )v ey
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e
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Iso elect

Na®* > (10e)

AP* > (10e)
N* > (10e)
F 5 (10e)
o* > (yf1o_yye)

> (10e)

THUS: Na*, AI3+, F, 0% , and N3 are all iso electronic with Ne

1. which of these species make an isoelectronic pairs CI', 0% ,F,Cd*, Fe ™

a- Ca™andFe” b- 0% and F c- Fandcl d- Cland Ca**

2. Which of the fblloWing species is isoelectronic with CI’

(a) F (b) 0% (c) K (d) Na*

3. Two ions are referred to as iso electronic if they have the same number of

b) protons. c) atoms.

a) electrons.

d) neutrons




4.Which of the following is an isoelectronic series?

NB 5 A e

c)S,C1, Ar, K

5. ccvveisevenneeees IS isoelectronic with argon and ..................

a)Cl,F b)C1, Cc1*

6. Which ion is isoelectronic with Ar?

a) Ni** b) F

b)0*, F, Ne , Na’

d) None of the above

is isoelectronic with neon.

¢)FY F - d) Ne, Kr

o) B, & d) K*

7. Which of the following species is isoelectronic with cr

a) K b) Na*

c)F | d)o?

W



> The core electrons 4dalall &b KNI are closer to nucleus than the valence electrons .

&~ The core electrons shield valence electrons much more than valence electrons shield one another.

—

In the same period e [ncreases from left to right in the same period.

In the same group ¢ Decrease from top to bottom in the same group .

: e

Atomic Radius: is  the distance between the two nuclei in two adjacent metal atoms or in a diatomic molecule .

In the same period * Decreases from left to right in the same period.

In the same group e [ncreases from top to bottom in the same group>
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1. Which of these atoms has the smallest radius ?

a- Al b-P c- As

pais J8 de genalis by gall

Te> As> Na> Al> P

2.Referring to a periodic table, arrange the fqlldW‘iﬁg atoms in order of increasing atomic radius: P, Si, N.

" N<P<Si

3. Which choice below correctly lists the elements in order of increasing atomic radii?

a-Na<Mg<"K<R_bvw ; b- Mg <Na<K<Rb

c-Rb<K<Na<Mg d- Rb<K<Mg<Na

Y



> Forionsin the same group :
i The ionic radius increases from the top to the bottom .

> For ions in different groups : they should be isoeieCtro{niﬁc "

Isolelectronic cations : aall g8 3ol o8 dungoll dindall 04y GUl  ®

Ex: AP*, Mg*, Na* - AP*<Mg™ < Na*

Isoelectronic anions : oaall g8 5l o8 dlluadl dindill (3 yuall ®

Ex: 0%, F F<0”

p Al s A gall i) (e A8 pana i Al @
{ &ish o2 Jo shmal xngoll Jaulll oan) gy ill oandl J4 lol& dan goll dindidl islj Lls &

(aiyi oan go 2l clluadl ol oan) yiyall oandl a1 LS dallunadl dandiall 5isl) Lls ¥

. dungell .-I!-lg-lﬁlp&&do}-léi dallanldl ;iLig,giﬂ‘og_A &

cations < anions : example Na’ < F




1. Order the following according to increasing atomic/ionic radius.
AN 20 2 = LT b- it < C < N* < 0%
- L' < C < N*<0OF d- Li" < C < 0" < N*

2. Which choice below correctly lists the elements in order of increasing atomic radii?

a- Na < Mg < K <Rb b- Mg < Na < K < Rb
c- Rb < K < Na < Mg d- Rb < K <Mg <Na

3. The correct order of radius of an atom A to its ionis :

a- A<A b- A*>A cA¥ <A d-A">A

4. The correct order of atomic radius of following is i

a-Na> Al > Cl > Mg b- Na< Al < Cl <Mg

c-Na <Mg<Al< Cl d- Na> Mg> Al> Cl

[92]

. The smallest atom in group 7 Ais:

a-F @y, b [ c- Br d-cl

6. The correct o,rder"'of;:the size of the atom orioniis:

a-Cl < -0 = §° C-Na*> Na d-mMg*?< Al

(%

(4 =



a-B b- Ga c-Br d-Si e-Cl

gacln fle gonolly Wl Slygall vastiyiiy Bol i il 00iy

Ga>Br>Si>Cli>B
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& lonization energy (IE) : Is the minimum energy (kJ/mol) required to remove an electron

from a gaseous atom in its ground state .

© The higher ionization energy, the more difficult is to remove the electrons
v 3lall dayaoll &y a0l o4 dlasll g Joyasall seqi Jundl o381 d4lhall o gisll asll g8 : gl ddlh &

Ao ganally 800 (28U paa e Lise (Ul 3 i B

in the lsame-pé_‘riod' | |o ® Increases from left to right in the same period.

In the same group ||* % Decreases from top to bottom in the same group

4



%E% Video ( 24) E

First ionization |
L SBNCIRY

Second Third ionization

The first ionization energy: is the amount of energy required to remove the 1
electron from an atom in the gaseous state

Metals have low ionization energy
Alkali metals have the lowest ionization energy .

Inert gases have the highest ionization energy .

1. The property , which increase from left to right in the period , is:

a-ionized energy b-atomic radius c-metallic character d- covalent radius

2. The property, which decrease along a group from top to bottom is :

a-atomic radius b-metallic character c-ionized energy d-ionic radius

3. Which of these element has the highest first ionized Energy ? Video ( 25 )

i

L

a- Cs b-0 c-K d-N

4. Arrange the following in order of increasing first ionization energy: F, K, P, Ca, and Ne.




Electron‘Afﬁnity E;JJJSSM
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Video [ 26 -27 )

SS Electron affinity (EA): the ability of atom to accept one or more electrons.

S g sl e o BM1 5,8 a2

The negative of the energy change that occurs when an electron is accepted by an atom in the
gaseous state to form an anion.

The higher eiectron affinity, the greater affinity to accept the electron

Video { 28 1

In the same period ||* ® Increases from left to right in the same
period. ' "

In the same group ||* & Decreases from tdp to bottom in the same
group :

Non metals have high electron affinity .

| Video ( 29)

¥ exceptions:

Group 2A (ns?) lower than 1A (ns') in the same period.

Group 5A (hs2 np®) lower than 4A (ns® np?) in the same period.

THUS: 8A<2A<1A<3A<5A<4A<6A<7A

* The EA decreases from top to the bottom of the group.

* Noble gases have the lowest electron affinities .

* Halogens ( 7A) have the highest electron affinities ( Cl ).

/%



First ionization energy increases {with exceptions)
Electron affinity increases ( with exceptions)

Effective nuclear charge increases

. . :
Atomic radius increases: :
£ Gl e e el il gl

. s : S R G e
Tonic radius increases 1 » s il g el el pils

s&r L AT o i T L R
J I "IN - | B R

First ionization energy decreases
Electron affinity decreases

52

1. Which choice correctly lists the elements in order of decreasing electron affinity?
a-0,0,8B,C b-0,0,C B c-CL,0,CB d-C, 0,8, C

B<C<O< (I

2. Specify which of the following elements you would expect to have the greatest electron
affinity and which have the least:

He, K, Co, S, Cl

e Greatest EA: Cl * |east EA: He

3. Which of these elements has the greatest electron affinity ?




4. Electron affinity is the energy liberated when an atom forms a ...........

a- Free radiation b- cation c- anion d- molecule

- Video ( 30 )

5. Electron affinity is highest for:

a-C b- Li N d-Al

2A, A 1o el gi 5t ol 0 ponh e A1 5 |




