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An inexact number must be reported in such a way as to indicate the uncertainty
in its value, this is done using significant figures. Significant figures are the
meaningful digits in a reported number.
JLal a5 S0l Adlay el lae Wl Laal 1y
G 75l i )8 sl Al 1) sl
Tl e Gl Jai ey om 3 5 2 o Al
| | 3 52 0ndaamgeadinhi (g2 5em
‘;c G.atd\ (';3‘)5\ J;\S.I Lutﬁ cSM\ oda ‘_;x:cm
Ll Wl ¥) € 2.5 (A2 al )l (e (ST Wil (g a2
.5 il (e cpaslia
Consider the measurement of the memory
card "in the adjacent figure" using the ruler
Fh h) above it, The card’s width 1s between 2 and
s 3 cm. We may record the width as 2.5 cm,
but because there are no gradations
(T TTF TP between 2 and 3 cm on this ruler, we are
estimating the second digit. Although we
are certain about the number 2 in 2.5, we
are not certain about the number 5.

e gae (aL84] o8 1L Jaxs al) u—ﬂﬂ‘ pde iy g ¢3S 5all pe o8 5L u—“\%ﬁ‘ AR TRYEQY P [ W+
2.5 &us Sl Adday e o) Jo8 Ladie o JEL g Jasall 5o 8,11 4 jlal) 4 Jiall & £ ]
24 cem ) dan B aill lga e (15 ¢2.5£0.1 cm 32 Leda e o) Baa e Wild o om
Sy (s sia ol b XSgall e o8l Glld L Ley (Bl daall B a8, US| 2.6 em ) b

Csina (pad ) e ¢ 2.5 cm a5 3 SIAN A8 () saall (i jall

The last digit in a measured number is referred to as the uncertain digit; and the
uncertainty associated with a measured number is generally considered to be + 1
in the decimal place of the last recorded digit. Thus, when we report the width of
the memory card to be 2.5 cm, we are implying that its width is 2.5 = 0.1 cm, and
that its actual width may be as low as 2.4 cm or as high as 2.6 cm. Each of the
digits in a measured number, including the uncertain digit, is a significant figure.
The reported width of the memory card, 2.5 cm, contains two significant figures.

A 5 bl 138 3 U 80 e S e ) o) 3 3 ) LS
2.45 om 2 Gl Qi Sy Lelinsd 3 g gall 3 lanuall aladidy 3 SIAN 8lay (uld 3 S8 ()Y

DIGITAL CARaRAD

cm | 2 3 4
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245+ 0.01 cm s gaall O G2 2,45 2 gl (g A sina ol )|

A ruler with millimeter gradations would enable us to be certain about the second
digit in this measurement and to estimate a third digit. Now consider the
measurement of the memory card using the ruler below it. We may record the
width as 2.45 cm. Again, we estimate one digit beyond those we can read. The
reported width of 2.45 cm contains three significant figures. Reporting the width
as 2.45 cm implies that the width is 2.45 + 0.01 cm.

Rules of significant figures 4 sisall 28 Y1 xc) 58
‘(e e @LM\(-;UJ‘X\ AR gb.»;qc\jé(i)
A gina Gila 05S5 teall e Cdy G sasasall Jlaalls (1 - 9) dsall s W6,V (1)
Sl 4 siee Cand 20l laal) (2)
AU 4 e Ao dga s Alla & ML 4 giea 3200 )1 Hlaal) o 5S3(3)
(A) Rules for determining how many significant figures are in a number:

(1) Non-Zero digits (1 — 9) and Zeros that are in between two non-zero digits are
always significant.

(2) Leading zeroes are never significant.

(3) Trailing zeroes are only significant if a decimal point is present in the number.

Examples 4Ll *

a. 809.231 b. 0.00456 c. 2300 d. 130.00
ABY) il | Lol el | e sl el 3200 3l el
el e S| dgeaa e Bpana | Al U o
Zero in between | Leading Trailing zeros A la]
The DOES count Zeroes do NOT count Trailing zeros
explanation do NOT count DO count befor
the decimal
r’té‘ ‘)‘Y\ e
A sinad 6 3 2 5
The
number of
significant
figures
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(B) Rules for performing Addition / Subtraction:

The final answer is written so that it has the same number of decimal places as
the measurement that has the fewest decimal places.

AW

Examples 4Ll *

a.420.03 +299.270 +99.068 b. 504.09 - 246.8 - 119.32
" A (i pde ol Yia) A8y J&Y) sa PCRAETS
et O e Gl e ) A YT Cu Gy s Ui
The . . .
.| This number is the least precise (2 | oact Precise
explanation | jecimg] places). So the answer MUST
BE rounded to 2 decimal places.
Ly
Answer 818.37 138.0

;M\j c._u...'aj\ Gllee ¢l ya) ac) 68 (C)
B A simall 281 53 a2l siaall QY1 dae (udl e (g giad Gy Bl AlaY) A0S
(C) Rules for performing Multiplication / Division:

The final answer is written so that it has the same number of Significant Figures
as the measurement with the fewest Significant Figures.

Examples 4l *
\ e
a. (2400)(3.45)(16.21) b. 0.9935 x 10.48 x 13 .4
- A i ( gine Gaad ) Slo a8 1 138 (5 ging | cdysine Q1 3 e W0 1aa (5 ging
2 O sina Cpady VAR G a | QBT 3 LN A G B sy Sl

This number only has 2 Significant

explanation Figures , so the answer must be | Only has 3 Significant Figures,
rounded to 2 Significant Figures. | so answer needs rounded to 3
Significant Figures.
Ly
5 2
Answer 130000 Or 1.3x10 140. Or 1.40%10
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Order of Operations gon ) Adall s ) (s pasins

o (Al ) pn) 5 (b /

The sequence to follow when performing operations in a “lead - g e e
mathematical expression haleal . CEA el G
Sl xas (PEMDAS)
Please Excuse My Dear Aunt Sally 5% Ala Y S ade (pe 153a
PEMDAS

(D) Rules for Performing a
@ (2] © (4 Combination of

= - M D A S Operations:

The previous rules listed
for A/S and M/D still apply

() e2 (X) (—) (+) (-) along with incorporating

the rules for order of
operations (PEMDAS). Be

cautious, however, that you

Parentheses Exponents Multiply Divide Add Subtract

do not round the answer too early.

Example J&« *

1.4 X 2.639+117.25

Step 1 il i
Multiply (1.4 %2.639)+117.25

(3.7) +117.25
%

ity OIS (ldad 138 5 17800 4y i

(1.4 x2.639)+117.25
( 3.6946 ) +117.25

533 O (S e 5all 138 20a) Gl ey daleall Y 1 ka3

;‘33&053‘\550:3}-‘3:’@5.( 3.7 )Lﬂﬁuﬂa}*’-ﬂwﬁ)& 3.6946 xic 4S 5
Ay sl '

.. e . | Rounded too early. Should
Because this is multiplication, the answer to this have been left as 3.6946

part can only have 2 Significant Figures (3.7).
Make note of this, but do NOT round yet.

Step 2: el ; Al 3 gladl)
Addition

3.6946 + 117.25 =120.9446 = 120.9

1 2 decimal place 4 xdall J Ll
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Scientific notation (adad) ¢y gt

aic Ga ] g b Jidl Jaw Gl aa b mea o 13 3508 A1 ae Wl () sl dalady
. : S R T P S S = S DL
Scientific Notation 602,200,000,000,000,000,000,000
5 O 5o 53 JS ALS &S s g 0 3 )

500 5.x _1,0 . 0.00000000000000000000000166
Scientific Notation ‘513)“2“ s3A ~ d.o\.:ﬂ\ . I o _Lss g

3 lewladin) die eUad¥V) lSS ) Jeudl (ha g

7,700,000,000 —= 7:7.>§ 10 | Tl sie My Asbonll oenll s
Scientific Notation . T , . T

Al a3 yma g Jaa 5 S dlac &

0.0000000086 —» 8.6 x 100 | &= Bl cats pabadl sl (o Lalhs

Sclentific Notation | ¢~k ie Dnll (S )Y aaa

N. 10" : sl

Chemists often deal with numbers that are either extremely large or extremely
small. For example, in 1 g of the element hydrogen there are roughly
602,200,000,000,000,000,000,000 hydrogen atoms. Each hydrogen atom has a
mass of only 0.00000000000000000000000166 g. These numbers are
cumbersome to handle, and it is easy to make mistakes when using them in
arithmetic computations. Consequently, when working with very large and very
small numbers, we use a system called scientific notation. Regardless of their
magnitude, all numbers can be expressed in the form: N . 10"

Rounding Off < Al
A sinall o8 5Y1 (e anlial) 232l e (5 siat o Ailedll AV o 8 (g5 el e 058 Ble
_aUJ\ C"m}AM ;\‘);}I\ @3\ cng g_g)sﬂ

It is usually necessary to round off the final answer so that it has the proper
number of significant figures. To round off a number, follow the procedure
below.

ad) o el 4 gieall eﬁjiy\ﬁ).#ﬁ)““.—’)m‘ 22=l) 2as
Determine the desired number of significant figures

(DU 8 ey (e ) s sima By JAT 2my S5V 80 L kil
Look at the first digit after the last significant figure

ibgll cilualyl aglall slialg



590 |~
Mawhiba

(5 e BB 18 (S0
A8 )Y 28S Ll Al
Lﬁ}:\a.al\eé)l\fa,asa};}d\
Yl
If this digit is less
than 5, all the
numbers after the last
significant figure are
dropped

4
5.6 =5.6201

& sixall a8 1) S 1)
8 ol o i ) il
Dhiay Y (s sinall A8 )

.AA\}

If the last significant
figureis an odd
number, the
lastsignificant figureis
increased by one

}
5.8 25.7501

ibgll cilualyl aglall slialg

5 (5 shass 1) 38 IS 13

If this digit 1s equal to 5

5.6501

< sirall 28 ) IS 1)
(>3 e8) sn Al
5 simall )l o 5 pud
BT IUPABTNY
(G0
If the last significant
figure is an even
number, the last
significant figure 1s
left unchanged. (Note

that zero 1s considered to
be an even number)

:
5.6 =5.6501

[ YoV ITh)
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O ST a8 501 138 IS 13
A8, Y Z6S Laliu) Kl o5
) JAT am 8 ga sall
B a5 s 5 i
)y ey R Y (5 sinal
If this digit is greater
than 5, all the
numbers after the last
significant figure are
dropped and the last
significant figure is
increased by one

}
5.7 5.6801

1) gl o 4inss 13
s mall 1535 05 ¢ (9
aaly ey il
If it is followed by
additional digits (1-
9), the last significant
figure is increased
by one

¢
5.7 =5.6541
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Fundamental and derived units of measurement o8l 48idal) g dsslu) Ciaa o)
éﬂﬁ s International System of Units (ST) <las sl Jsall i callall alail

The International System of Units (SI) is the most widely used
system of measurement units in the world.

a Al 8150 a5V bl Calas 5 alas

Examples of Fundamental Units 4sba) (ulidl) Cilia g Jo AL =

Symbol ) SI unit 32 sl Quantity 4asll
m meter Length J skl
kg kilogram Mass ALl)
s second Time el
K kelvin Temperature 3l allda o
A ampere Electric current hes Ll
mol mole Amount of substance salall 4
cd candela Luminous intensity 3elal) 5o
Examples of Derived Units 4idall (uldl) Clas g o 4t *
Symbol )l ST unit 32~ 5l Quantity sl
m? square meter Area dalil)
m’ cubic meter Volume PEN|
kg/m kilogram per cubic meter Density 48l
N = kg.m/s newton Force 3 all
J=N.m joule Energy ALl
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exa
peta
tera
giga
mega
kilo
hecto
deka

deci
centi
milli
micro
nano
pico
femto
atto

E
P
-
G
M
k
h
d

w

d
C
m
7
n
P
f
d

1,000,000,000,000,000,000 108
1,000,000,000,000,000 10%
1,000,000,000,000 102
1,000,000,000 10°
1,000,000 10°
1,000 103
100 10?
10 10t
1 10°
0.1 101
0.01 102
0.001 1073
0.000001 10-¢
0.000000001 107°
0.000000000001 10712
0.000000000000001 1071
0.000000000000000001 10718

ibgll alualyllg aglell slialgl
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K=°C+273.15

Fahrenheit

Boiling
point
of water

180
Fahrenheit
degrees—

Freezing
point
of water-

(@)

100
Celsius
degrees—

32PF——

_4OOF

Example 1-1: convert 2.3 cm?® to m? unit.

Celsius
B)

100°C

0°C —————

—40°C

100
kelvins—

&

Kelvin

O )

373.15K

273.15K

233.15K

gouL
NSMO

: Examples 4L *

.mP e 2.3 emd Jsa i1-1 Jha

23cm?=23(cm)’=23 (10" m)’=23 x 10° m?

Example 1-2: convert 5000 us™! to s™! unit.

CsTaan 1) 5000 ps! U 1122 Jlia

5000 ps™' = 5000 (us)™ = 5000 (1076 s)™ =5 x 10 s~

330 m/s = 330 m x lkm

-5 1000 s

ibgll alualyllg aglell slialgl

km/h 325 A el s ¢ 330 m/s s sbadt & saall 4oy 11-3 JBa
Example 1-3: Speed of sound = 330 m/s, convert the unit to km/h.

x 3600s

lh

= 1188 km/h

11
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exercises il
(1-1)
tob e (il JS 8 4 gimdll eléj‘z[\ RRSIRETN

State the number of significant digits in each measurement:

1) 2804m 2) 2.84 km 3) 5.029m
B 0003068 m %) 46x10°m  6) 406x10%m
. 750m ..... . 75m ....... ) 75000m
10) 75.00m 1) 75.0000m  12) 10em

(1-2)
Toase A LS Al ("GJ‘\X‘%‘-}J&:’(A
Round the following numbers as indicated:

(a) To four figures: Ay sina o8 )1 dry 51 Y ()
3.682417 21.860051 375.6523 112.511 45.4673
(b) To one decimal place: Bl 5 4 e Ay ) (@)
1.3511 2.473 5.687524 7.555 8.235
(c) To two decimal places: (O e il e ) ()
22.494 79.2588 0.03062 3.4125 41.86632
(1-3)

A siaall A8V e Culiall daally e ) Jais s 000 Jilesall Ja
Solve the following problems and report answers with appropriate number of
Significant Figures.
I) 620lcm+74cm+0.68cm+120cm= ...

2) 1.6km+1.62m+1200.0 cm = ...ccccoorvvrrviirromrinn..

12
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3) 8264g-7.8g= .,
4) 104168m-6.0m= ...,
5) 1200m+15.001kg= ........cocoeviiii
6) 13lcmx23cm= ...
7) 57621 mx 620l m= ...
8) 202cm:7410s= ...
9) 40.002 g/ 13.000005g= ........ccoovieiiii

(1-4)
Lo Sl sl sl 45V Slac ) e ke
Express the following numbers in their equivalent scientific notation:
1) 123,876.3

2) 1,236,840

3) 422000

4) 0.000000000000211

5) 0.000238

(1-5)
A sixall 68 )Y (e sl sl Al e jie s Al Aluall Glleall o)l o8

Perform the following mathematical operations and express the result to the
correct number of Significant Figures.

(1.00866 - 1.00728)

1 s
) 6.02205 x 10%

(14.86 + 13.7) x (65.346 - 4.10)

2) e
(43.888 - 32.888)

13
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(1-6)

.mm? s cm? s 5 gl dalie aa 5l 60 m? & asledl it mdass dalis

The floor area of a science laboratory is 60 m2. Find the area in ¢m? and mm?.

(Jal)

. Mg/mm? s2a 5 M AWK Jsa | 13.6 g/em?® G 43S
The density of Mercury is 13.6 g/cm?. Convert its unit to Mg/mm?.

(1-8)
. g.em? sas 5 AESH L 1024 kg.m? sl ele 48S

The density of sea water is 1024 k.gm. Find the density in g.cm?.

ibgll cilualyl aglall slialg
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(1-9)
48033*“32\33535‘@\)3262 JMGIJAJNAUA;:U@\Q_\MF el sgd) ol ulaal Anlee L;A
385 oo e Al dbal)l il sall Cu AESH G Gl a 0.024] miodl i) Al
xSa ia < o) ga s Sie s g ol sl b dleal) 5 L)
In a measurement of air pollution, air was drawn through a filter at the rate of
26.2 liters per minute for 48.0 hours. The filter gained 0.0241 grams in mass

because of entrapped solid particles. Express the concentration of solid
contaminants in the air in units of micrograms per cubic meter.

(1-10)

el (o 15 656 ¢y sSlgtns Fanst (y5la 7.9 apnie Ll 555 Lt (IS S 1978 Ao d
OsSi Al (ALSI 518 45%) a2 geall 2518 (107 kg) doiell QLY 232 oS il Ua gy
Dl e (ALSILY 2a5 6 3a (e A sS4l dunlie Ao a clall 138 clae Y G gin 4 5lhae
.(1.000 kg/L s 1.000 g/cm3 slell Z8S) € Ll (ha ¢ 3 (¢ sake S
NewYork City’s 7.9 million people in 1978 had a daily per capita consumption
of 656 liters of water. How many metric tons (10° kg) of sodium fluoride (45%
fluorine by mass) would be required per year to give this water a tooth
strengthening dose of 1 part (by mass) fluorine per million parts water ?
( The density of water is 1.000 g/cm? or 1.000 kg/L).

ibgll cilualyl aglall slialg
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(1-1)
1) 2804m 2) 2.84km 3) 5.029m
...... 4. 3 A
4) 0.003068 m 5) 46x10°m 6) 4.06x 10° m
...... 4. i 3
7) 750 m 8) 75 m 9) 75,000 m
...... 2o0r3.. 2 ..2,3,4,0or5......
10) 75.00 m 11) 75,000.0 m 12) 10 cm
...... 4. 6 L. lor2....
(1-2)
(a) To four figures: A sina 81 Al ) (1)
3.682417 21.860051 375.6523 112.511 45.4673
3.682 21.86 375.7 112.5 45.47
(b) To one decimal place: sbaa) g 4y e A Y ) (@)
1.3511 2.473 5.687524 7.555 8.235
1.4 2.5 5.7 7.6 8.2
(c) To two decimal places: sofi e il Y J ()
22.494 79.2588 0.03062 3.4125 41.86632
22.49 79.26 0.03 341 41.87
(1-3)
I) 620lcm+74cm+0.68cm+ 12.0cm= 26.3 cm
2) 1.6km+1.62m+12000cm=1.6km or 1613.6 m or 161362.0 cm
3) 8264g-78g= 05¢g
4) 104168m-6.0m= 44m
5) 12.00m+ 15.001 kg= can’tadd m and kg il ae ol s LSl ddlia) oSy
6) 1.3lecmx23cm= 3.0cm?
7) 5.7621 m x 6.201 m = 35.73 m?
8) 202cm:7410s= 2.73 cm/s
9) 40.002 g/ 13.000005 g = 3.0771

ibgll alualyllg aglell slialgl
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(1-4)

1) 123.876.3
1.238763 x 10°

2) 1,236,840
1.23684 x 106

3) 422000
4.22 x 108

4) 0.000000000000211
2.11 x 10713

5) 0.000238
2.38 x 10*

6) 0.0000205
2.05 x 10°

1-5

(1.00866 - 1.00728)
1) = 229 x 107
6.02205 x 103

y) _(486+13.7) x (65346 -4.10) _ o
(43.888 - 32.888)

1-6
I m=10?cm (100 cm)

1 m? = (10% cm)? = 10* cm?

60 m*=60mm> x 10*cm? = 60 x 10* cm? = 6 x 10° cm?
1 m?

and 1 cm =10 mm
1 cm? = (10 mm)? = 10?> mm?

60m*=6x10em?* x 10°mm? = 6 x 10" mm?
1 em?

17
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(1-7)
1 Mg=10°g, 1 cm®= (10 mm)’ = 10°> mm?
13.6g/em® =136 g x 1Mg x 1em’ = 13.6 x 10° Mg/mm?
em’ 106 g 10° mm?
1-8

lkg=103g, 1 m*>=(10?> cm)® =10 cm’

1024 kgm™ = 1024 kg x 10°g x 1w = 1.024 gcm?
m’ lke 10°cm’
1-9
0.0241 10%ug/1
( g) (10°ug/1 g) - 319 pgn’
(48.0 h)(60 min/h)( 26.2 L/1 min)(1 dm?/1 L)(1 m?/10° dm?)
1-10

(ORI G i A sllaall oLl ABS Gl 4 3l Gl
A good start is to calculate the mass of water, in tons, required per year.

(7.9 x 10° persons) (656 L water /1 person - day) (365 days/year) (1 kg water/1
L water) (1 metric ton/1000 kg) = 1.89 x 10° metric tons water / year .

A 5 sladll Ay 55 i gd ¢ Aundl/elall (g Ay il Gula¥) eliinly 2 Clas gl ases of aaY
e IS4 glaall (ally ca g saall 3y ) Sl A llea ) ABKH s 5 dlaely o8 (oY)

Note that all units cancel except metric tons of water/yr; it is needed for the next
step.
Now, set up and calculate the total mass of sodium fluoride, in tons, required each
year.

(1.89 x 10° metric tons water / year) (1 ton fluorine/10° tons of water) (1 ton
sodium fluoride/0.45 ton of fluorine) = 4.2 x 103 tons of sodium fluoride / year .

wibgl Gludlylg pglall slualg :
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30n 3 g ) (Alelinal o sall) A 391 o0 sall e e sana s Lo i ilee 5 il Jelil
L) 3 sl e 5 5l 5 Ailal) Leemilia 3 LIS Caliss (gl 520
A chemical reaction is a process in which a set of starting materials (reactants) is
converted into new materials (products) that are completely different in their
chemical and physical properties from the original materials.
e lital) 3 pal) i 3o (i 52 53 pal) Ailaasl Tl 511 € o liaall 31 il e JUiRD Jasas e
g5 o) n agall AUl ol gall il ja JiS gl AN i i sale Y Sauas AibaasS ol g 5 (oS
Ayl sy Lo ST (G g (A5 O 50l 3,35 (05 S (B8 O 5 )S1 3L08) iy Yl
Leany aa Lehalsi )|
For example, when methane burns, the chemical bonds in the reactant molecules
are broken, and new chemical bonds are formed to rearrange the atoms and
produce the product molecules. The key point is that the types of atoms do not
change (a carbon atom remains carbon, and a hydrogen atom remains hydrogen);
what changes is how they are bonded to one another.

. D ¢
@0 W,

Wik 3 dailpassl) cBle L) 4panl
The Importance of Chemical Reactions in OQur Lives

Leinanl (gag ey sS85 Apa sall Uiln (g a5 Y 5 3 AilaasS ke il
Chemical reactions are an integral part of our daily lives and the universe. Their
importance includes:
shaall AUy il b (seall elall) iseall Jiall e Jie gl cldall o
Y (5 sl kil Alae 5 <l ) pladall ysad) Uaasal (3 puingll Hlac 5 ccopnnSY
Adl)
¢ biological processes: such as photosynthesis in plants to produce food and
oxygen, the digestive process in our bodies to convert food into energy, and
cellular respiration to produce energy.
(Liul (@l ) SIS e b ol Slall B ial) 2 g8 gl ol L) 4uiEll g Acliall @
calilaial g aaut)
e Industry and technology: production of medicines, fuels (combustion of
gasoline in car engines), plastics, fertilizers, and detergents.
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e Environment: such as the rusting reaction (the reaction of iron with
oxygen), and natural element cycles such as the carbon and water cycles.

Signs of a Chemical Reaction: s (Al Jednl) & gas Ji¥a
(s Gl ) Gl sally B3 gua a) e i I3 (1
1) Qualitative evidence (observed by the senses or simple experiments).

sl i (a
e Al o sall (amy ae psanli gall Clinie o Jslae bl 2ie ;Jle w
i) ¢ 1)
abaial GO ) gom il jall/cli s S 5 A e el w
s gaall

a) Color change.
= Example: When potassium permanganate solution is mixed
with some reducing agents, the purple color disappears.
» Explanation: A change in the composition of ions/molecules
results in a difference in light absorption.
A AR ) Banaa Asdl ) () &8 (b
(H2S) Uabea¥) e il 3 Giany Jeld e Al cy Sl Aad) ) 1l
5 sae dadl ) s ok il yo 5 il jle L) il
b) It smells new or different.
= Example: The sulfurous smell resulting from the reaction of
some sulfides with acids (H2S).
= Explanation: Production of gases or volatile compounds with
a distinctive odor.

(e o) Je 0SS (e
@A .CO2 O350 ans g a3 saall iy Sy dala e O ) 8 CigonJlie
38 o3Sh Cua Ca(OH)2 sl sle (& Olall  paly e CalSH oSy
COz 2535 e iy elaay
A i sale) ge A A le Dlia O3S jpeddl)
c¢) gas formation (gas release).
= Example: Effervescence occurs when sodium bicarbonate is
mixed with acid, forming CO.. This can be detected by
passing the gas through limewater (Ca(OH)2), where a white
turbidity is formed, indicating the presence of COs..
= Explanation: The formation of gaseous molecules resulting
from the rearrangement of atoms.
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(et Al Bale) il ) 585 (d
b Y amisall 35S Jalae g a i pall iy )8 Jslas 7 50 1l =
canl il Jany s L) G e o g3 saall Sz e OST el
.(BaSOa4)
Aunifie Al o) 3 maa S e S5 padill w
d) Precipitate (a solid that settles out).
= Example: Mixing sodium sulfate solution with sodium
chloride solution does not produce a precipitate, but mixing
sodium sulfate with barium nitrate produces a white

precipitate (BaSOa).
* Explanation: Formation of a new compound with low
solubility.

(300 cs g 8 ) all b 5a) GBI 3 s (e
At ol edleli of &) gial 1 ) i ol ¢ gun Cilayl e m
oabiaial 5 48Ua (3lay sanaa Jay) 5 ) (5SS da 5 1 ABUa 8 s ; jendil)
Al g, sl il
e) Change in energy (change in heat, light, sound).
= Example: Emission of light or sparks: Combustion or strong
oxidation reactions.
= Explanation: Change in bond energy — forming new bonds
releases energy or absorbing energy to break bonds.
Al S a3 55 (F
=iy oy clisl 0388 ) @3 Jeli ff sacld (e AY) cJlie w
LSl J glaall Jua 58
Md;ﬁd\sﬁub}u\ e ; Hudill W
f) Change in electrical conductivity.
= Example: Dissolving an acid or base or a reaction that results
in the formation of ions increases or decreases the electrical
conductivity of the solution.

= Explanation: The number of Ions in the solution changes.
Aaas da (2

2) Quantitative evidence.
(S ) (Wbl (a
(RS B ¢ 58) 5 Y lany) AL (S Glan Joli b m
oo Ju B ALK 3ah ¢l ppad o Ju AS Glasd rda gide jlad (4w
L3S Jelii b ol sl (e (ST ey Gasa 1dle) e palialial
a) Mass change measurement.
* In amass-closed reaction, the total mass does not change (law
of conservation of mass).
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* In open experiments: a loss of mass indicates the release of a
gas; a gain in mass may indicate the absorption of a gas (e.g.,
a metal absorbing oxygen from the air in an oxidation
reaction).
Jelall 55 a ciluld (b
Chgan 2S5 Le By daiaall sf dAdllaiall 3 ) jaldl [l Sy el aladiudy m
Ao e gl T g5l (0 5S Jai g A8 3 J g
b) Heat of reaction measurements.
= Using a calorimeter, the heat released or absorbed can be
accurately measured, confirming that an energy transfer has
occurred associated with the formation or breaking of bonds.
IS Al Sl (e
S il diladll aladiily 5 AT sale 3Ky sale S (mlidll 4l w
(Jeldi &gan o U s 238 4l ¢Sl dilia sall (ul ) Ll s sila 5 S
Jeldtl) de g Al ala) 4aeS (g
¢) Concentration measurements.
= Tracking the decrease in concentration of one substance and
the formation of another using spectroscopy, chromatography,
or electrical conductivity measurement provides strong
evidence that a reaction has occurred, showing the amount of
product produced and the rate of the reaction.

Gas formation Energy change
SBI 0395S A3U=l _nas

Chemical

ERJC oS \@)
i JeLazsl
.rez.actlon o=
indicators ;
=

Ol ass el 29SS
Color change Precipitate formation

ALl e Wil ALY (any D] JSA
Figure 2-1: Some examples of chemical reactions
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Representing chemical reactions Alpasl) ¥l Unl) Jia

Ldle 43l L) ikl edlelal) Jial Al Y15 Aaalay) 8101 Ailasl c¥alad) a2l

Sl el el (s sial) e Guany Lo Cia gl () silasS) Lgadiig 3 juaida

Chemical equations are the basic and most effective tool for representing

chemical reactions. They are a universal and concise language used by chemists
to describe what happens at the molecular level during a reaction.

1l Jo Wil JAa (e 3 gualal)

The purpose of representing a chemical reaction is:

mall s yualiall §ga ) alasinly (Jelail) Uil Changy W (5 30 ) Chua s 408 g8 Jlasl Jelatl) Jiias

I Je il S (e Yoy agn) 5 diliasl
Representing a chemical reaction is writing a symbolic description of what
happens during a reaction, using element symbols, chemical formulas, and arrows
instead of writing the reaction out in words.

diliasst) Adalaall daili) il gSal)
The basic components of a chemical equation
aeldial) (1
e s o o) pendl G mal) calall e S Jelit) a5 A A1 sl o
(VAN any b 3] glsall
1) Reactants
These are the starting materials that start the reaction. They are written to
the left of the arrow (or to the left of the equal sign in some cases).
=isd (2
Gt e sl) aendl 0o G il e i Jelal e gt ) aaall Sl sall A
(YA mny 3] slsall Aadle
2) Products
The new substances that result from the reaction. They are written on the
right side of the arrow (or to the right of the equal sign in some cases).
2l (3
Mkl Jelamt f M asl e Bale 11 il sl ) cdlelidl (e (—) aged)
3) Arrow
The arrow (—) points from reactants to products, and is usually read as
"produces" or "reacts to give."
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Symbols used in equations

QYJM\‘;A?M” f’jy‘)

[ YoV ITh)

NSMO

Jlia il el
Example Meaning The symbol
() sl s Oleliid) G dhaty | sl ol i
) ) e gt Jel ) s
()
A+B—C . —
Produces or gives. Separates
reactants from products, indicating an
irreversible (one-way) reaction.
SV ey Jelal o I ey e Se Jeli
Y palas¥) S 8 Gasy o) i) Al
(=Sl
A+B=C+D Reversible reaction. Indicates that the =
reaction reaches equilibrium and
occurs in both directions (forward
and reverse).
el o Jeady ) ABLaYL Sl we Jelisy
Al o) sall g/ Alelaidl
H2+ 0 Reacts with or in addition to. "
Separates reactants and/or products.
Al Al Yy
NaCle Refers to solid state. (s)
AL AR )
H200 Refers to the liquid state. M)
Al AL ) sy
COxp Refers to the gaseous state. (8)
Sl Jslaall N
HClagq) Refers to aqueous solution. (aq)
ey Je il of () sl pend) 358
A Al () a) Bds ;
CaCO3; — CaO + COs | Placed above the arrow. Indicates that | 3,1~ 5 A
the reaction requires heating (heat) to
ocCcur.
ity Jelill ) el ppnd) 358 st | oy o Lakal
Jaaae Unica Ll
2200 atm
No+3H —  2NH3; | Placed above the arrow. Indicates that | pressure or
the reaction requires a specific pressure
pressure. number

ibgll cilualyl aglall slialg
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b Aty o) g Jelail) my il | leadl Jalal)
Pt Placed above the arrow. Indicates the (Pt Ji)
+
C2He + Hy = CoHg use of a catalyst to speed up the | catalyst (such
reaction without being consumed in as Pt)
it.
O3S5 G oady Al Dapall 2y junas)
2l A e dlea 5ale) ol
AgCl] Placed after a chemical formula. It (=) |
& indicates the formation of a | (Precipitate) |
precipitate (an insoluble solid) in the
products.
sebiai ) ady ALl Lpall any pua
Q5 B | (aelata o)
CO27 Placed after a chemical formula. gas )1
Indicates the evolution of a gas in the | (evaporation
products.
Word chemical equations Ada8l) diliasl) Y alaal)

sl Je i) e At of gl 5 Ale il ol pall uaia sl CISIL (S juund oo Aidlll abadl
AbasS faa ol sa aladial (g5
A word equation is an expression written in words to show the reactants and
products of a chemical reaction without using chemical symbols or formulas.
(D)deliid) + (2) Jeléiall— (1)l + (2)gil
:1 Jha
(SN 2T 35 el it (€Y e (el e iy
Example 1:
Methane reacts with oxygen to produce water and carbon dioxide.
Gz + (el — 5 S0 20T G+ sl
Exercise (2-1): 2(2-1) quux
ool Ay Sle i e g el ae a g ) Sle el dadll) Alalaal) ()
Write the word equation for the reaction of bromine gas with hydrogen to
produce hydrogen bromide gas.

Exercise (2-2): :(2-2) o
D (Hanzad) Sl 5 il 2T (o815 ) jally a s sad) ol i Jlacl 4 ladll) Aslaal) ciiS)
Wl

Write the word equation for the heat decomposition of ammonium nitrate to
form nitrous oxide (laughing gas) and water vapor.
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Exercise (2-3): :(2-3) euod

D) sl 2T sl 13 (g ey Adlide <l Jle ) Jlati daliall a s el <l E (i 2ie
sl jlaag (M\
aie iy Jolil Guangd (AL o spie lall (e Jay 5 (358 Cpa g yial) AL 2T le )5 Gllb sy
sl Dl 5 saie Lall 3
Soaia (S (pule lall ALY Aludod) Jias 400 2dadll) ¥ aleall (e o
When solid ammonium nitrate is heated, it decomposes into various gases. This
decomposition produces nitrous oxide (laughing gas) and water vapor.
The dinitrogen oxide gas is then passed over a hot magnesium ribbon, producing
magnesium oxide and nitrogen gas.
Which of the following word equations correctly represents the complete series
of these two reactions?

Aozl
The equation

o sa¥) Cl B g il AU 2l 4 plall sy
e:j
Ol (A Sl + s puitle — asmanelall 2 5 4 el g @
ammonium nitrate — dinitrogen oxide + water vapor
Then
dinitrogen oxide + magnesium — magnesium nitride + water vapor

o ¥ Ol 35— el il 3T+ s
el il 2l + o spnie Lall jeﬁ“&%—"ﬁw\ 2uS) A+ G s i
ammonium nitrate — nitric oxide + oxygen
Then
nitric oxide + magnesium — magnesium oxide + nitrogen
o sa¥) Cl i = g il AU Sl 4+ Ll sy
(i S 8 3] i ) e L 5T
Ammonium nitrate — dinitrogen oxide + water vapor
Then
dinitrogen oxide + magnesium — magnesium oxide + nitrogen
a5l Cl 5B — ey il aSl 6 4 ol
r‘a.i
s al) 2T G+ o it e — o saie Lall s+ (s
ammonium nitrate — nitrogen dioxide + water
Then
nitrogen dioxide + magnesium — magnesium nitride + oxygen

(b

G
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Symbolic chemical equations 4 ) dgileanst) e alaall

o34 addiud ALl COle Wl Jiaal dale Y15 32V A5 Hhall a4 el ALasSl Y aleal)
Slo sy e jlelay (D alaall) an el iS5 ol i 5 LS pall g pualiall fpas g0y Y dladl)
RETREN PR
Symbolic chemical equations are the most accurate and scientific way to
represent chemical reactions. These equations use symbols and formulas for
elements and compounds, along with numbers written before them called
coefficients, to show what is happening at the molecular level.
Yy dagaia falaef sale cdlalaall (4555 Al f Ale i) salall J8 (iS5 521 aaall sa s dualaall
e idl (pe J8 el Aaaica ade A ol O Ll Caaty Taal g Al cilS 13) ks
sl
Coefficient: The number written before a reactant or product. Coefficients are
usually integers and are not written if the value i1s one. Coefficients describe the
simplest whole number ratio of the quantities of the reactants and products.

Balancing chemical equations Aailaasl) eV alaal) 039

Ole Wiall) Adabaal) 8 5k A6 s paie JS e AN d2e Jaa ey Al S Al ) 5
Go Joati Jy eduaaind ¥ 8 Y AN o e a3 ALY Jais ) 5il8 Giah s ol sl
DA G s
Balancing chemical equations means making the number of atoms of each
element equal on both sides of the equation (reactants and products), so that the
law of conservation of mass is achieved, which states that mass can neither be
created nor destroyed, but rather is transformed from one form to another.

The importance of balancing 4530 gal) dsani
O)s @l sha 2.2 JS& (i D50 0S5 O G L) (o 4 Sl Aalaall dpaal ISY) dualall
AuilaSl Yl

The most important property of a symbolic equation is that it must be balanced.
Figure 2-2 shows the steps for balancing chemical equations.
6 sl paic JS 3 aae Ol (e 2SEL Clebaall Tasca iad Adalaall 43 ) 50 sy i) @
()i 5 e lindl) Adlad) byl b
e Definition: Balancing an equation means adjusting the coefficients to
ensure that the number of atoms of each element is equal on both sides of
the equation (the reactants and the products).
b aandl (e Chaaid Y i Y ALY o e Gty oA GBS Dais ) 9l8 Gt sdagd) e
el Je i)
e Goal: To achieve the law of conservation of mass, which states that mass
1s neither created nor destroyed in a chemical reaction.
el O drpall 84N A V) s 5 ean Vg cdaih COlbeall i oy ARkl e
Bl 438 (e
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e Method: Only the coefficients are changed; subscripts in the formula
must not be changed, as this changes the identity of the substance.

Steps for balancing chemical equations

AilianSl) el ¢ 5 <l ghad

S alall (9 O slas
™ g
Hyg + Gy = Hg igjen pid AdiliedS Aslas o)
§ gy SOLe Ll B dlee S it i asls
' .
w + /ﬂ . - /:) 15 (e DM el fuad ¥ (olg Amams 1
B ' Alelatellalgalt e 8 S L () Byl
rxgylas i s G Cpmgylek gy ﬂ"'u QQ},&JI&‘:‘WIAHH :d-'_h.‘im‘ﬂj...“j
BPLERY Al 2lgedly Malitel!
H, + C; - SNl B el D3 e,
Gmjumipd gk <3388 U ag fe penes B30 el
HCl g b a1 055 3
aegpusspl + apl DI 50 (et 83
: apd ipd apd+ ipd
{rgieady sep STEE - inzgpsap ,h;mh&&iﬁ:h;hqﬁ!ﬁ}hhdl&é
o f:) _ t.i)‘fllq;_‘.ﬁ_,.‘..'.sarj AL laalf ke B dii 1
0 + R — : Y GLY3 Y aTaae (033 RSl S R il ats
.n:ul&_’.}&
fnsgpuaip 2 ip 2 nsgpuain
elsap
Hyg + Clyg — 2HCl g O
1H,:1Cl,:2HCI e yisi o2 2HCL 1 Cly 1 Hy 211 5
1:1:2 PR ERCT IR ICER U o -
o L D sl
H, + Cly,,— 2HCI
(g)_ - ) ngj ) (i) g il el o S g o0 ST
iigpusap selSep %“H“.ﬁ.z B Al 38 putles JS 513 2s g eSS 6
leep Aalaedi b le
Al e (yr 52 018 509 (g pasa s i gy
LSl Y aleall o 59 il ghad 222D JSA
Figure 2-2: Steps for balancing chemical equations
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Example 2:
Write the balanced chemical symbol equation for the reaction of iron III chloride
with sodium hydroxide in water to produce solid iron III hydroxide and sodium
chloride.
:Jad)
Textual data: Laai Gillasal)
(1) sl ) IS + 2 g0 guall 23S g jaa — Cliall (TIT) ad) 23S g ) + 2 g3 gaall 3y 58
) sall gl Ailaal) jacall A4S
Writing the correct chemical formulas for substances:

L) dapall 3Ll
Chemical Formula The Substance
(II0) sl 5K
FeCls Iron (IIT) chloride
NaOH p9d el S 5 08

sodium hydroxide
(TIT) sl 2S5 )20

Fe(OH)s Iron (IIT) hydroxide
psdsall 2y )51
NaCl sodium chloride
Writing the unbalanced equation: 1A ) sall e dlaladll 418
FeCls + NaOH — Fe(OH); + NaCl

Balancing the equation: rAdalaall 45 ) 5

:(Fe) xali (1

1. Iron (Fe):

()5 o — gl ] celdl ]
1 in reactants and 1 in products — & Balanced.
((C) L5580 (2
2. Chlorine (Cl):
NaCl sl 3 pai « NaCl 2 3 zliss «— FeCls 4 3
3 in FeCls — We need 3 in NaCl — We put 3 in front of NaCl.
:(Na) s 9all (3
3. Sodium (Na):
e liidl 8 NaOH bl 3 o 13) «— NaCl 4 3
3 in NaCl — So we put 3 in front of NaOH in the reactants.
:(OH) 28 5,0¢ll (4
3) Hydroxide (OH):
O s & « Fe(OH)s & 3 = <lelaial & (OH)x3 oY) Ll
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We now have 3x(OH)s in the reactants = 3xFe(OH)s — & balanced.
Final balanced equation: Al 43 5 ) sall Alaladll
FeClzaq) + 3NaOHq) — Fe(OH)s() + 3NaClag)
Exercise (2-4): :(2-4)

Fleall  gaud gl <l IS i ie xSV Jelill &y a1 AiliasS Aalaall  Adalll Alabaall i)

mnSY e 5 alall o gali sall 4y 51 iy
Write the word equation and the symbol chemical equation for the following
reaction: When solid potassium chlorate is heated, solid potassium chloride and
oxygen gas are produced.

Exercise (2-5): 2(2-5) s
1409 ) e Ay ey Y alea AUl Adaslll YAl e e
Express the following word equations as balanced symbolic equations:

o5l 0 S+ 2l gl Gman > sand €l 2K+ sla+ CO,
calcium carbonate + hydrochloric acid — calcium chloride + water + CO»

p sl sall 20 gy 4 iy S s — 6 sanld gl U S + ol
potassium hydroxide + sulfuric acid — potassium sulfate + water

I eveadll Gl 5S + asaalisall Cilin g8 — T _paall i 8 4 o gandll gall Sy S
tin (II ) sulfate + potassium phosphate — tin (II ) phosphate + potassium sulfate

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

Cleall o saia V) 4+ @l 5185 el Gaes — o sria IV 2SI+ Gua s uell e
aluminum + hydrochloric acid — aluminum chloride + hydrogen gas

Exercise (2-6): :(2-6) 8
Al ) HLAT) e A5 g ) sal) Aalaad) 2as
Select the balanced equation from the following options:
2Al + 6HCI — 3AICI; + 3H> (a
Ba(ClO3), — BaCl, + 20, (b
2L13P0O4 + 3CaCly — 6LiCI + Caz(PO4)2 (¢
CsHi2 + 60, — 3CO2 + 5H,0 (d
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Exercise (2-7): 2(2-7) quux

Al aYalaal) o 3l
Balance the following equations:
...... ZnS+.....HCl—> ......ZnCl, + ......HoS

/n S H Cl

)ﬂ-é:\’j\
Element
OOl Laial)

Reactants

& sl

Product

Element
OOl Laiall
Reactants
2 5l
Product

...... FeCl; +......Na,CO; — ......Fex(CO3); + ......NaCl

Element
Cole Latall
Reactants
& Al

Products

...... NaO + ......(NH4)2SO4 — ......NaxSO4 + ......H, O + ......NH3
aiall
Element
O e il
Reactants
5l
Products
Exercise (2-8): 1(2-8) cuux
Al Yaladl) o 3l

Balance the following equations:
1) .. CoHsOn + ... 02— ... COx+......... HO

2) Mn(NOz)2 + ......... BeCl; — ......... Be(NOz): +......... MnCl,
R ) AgBr+..... GaPOs — ......... Agi3POs+ ......... GaBr3
4) ... H>SO4 + ... B(OH); — ......... B2(SO4)3 + ......... H-O

5) o NaNO; + ........ PbO — ....... Pb(NO3)2 + ......... Na;O
Libgll Gyl aglall slyalgl
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() R Ca3(PO4)2 + ......... HoSO4 — ... CaSO4 + ......... H3POq4
1) R Al+ ... H>SO4 — ......... AlL(SO4); + ......... H»
) AlLGCs + ... H,O — ......... Al(OH); + ......... CHy4
9) ... Na+ ... HO — ......... NaOH + ......... H>
Types of Chemical Reactions Lilrasst) cdle i) g gif

lgie Ay Dalaif 30 ) dliasll cdlelail) ¢ s
Jale 5 Aleliie sale (p caaad il day pud) LilasSll el o g st sa 33 aY) @Sl (1
Al die iy 5 (sl CmmaSY) 58 L Bale) 25a
Chemical reactions vary into several main types, including:
1) Combustion reactions: It is a type of rapid chemical reaction that occurs
between a reactant and an oxidizing agent (usually atmospheric oxygen),
producing energy.

(el Sl (sl ol 31y 13 Jia
Example 3: the complete combustion of methane (natural gas)
CHag) +202) — COxg) + 2H20(g) + 4l
A S e 5SS ) Giale alail 10 oSl CBS WS (2
e 5 008 delds g delail) of o ia W) jd5all 58 138 L aal 5 (S ye Wil il
Lo Gle ool 5 (055 ()Y ki 138 5 0 gm g 3l JSG e A (sl ool (555 e
" Al B Gsnme 058
2) Formation reactions: the combination of two or more substances to form
a new compound.
The product is always just one compound. This is the clearest indication
that a reaction is a synthesis reaction. These are often reactions that release
energy in the form of heat and light. This makes sense because bond
formation is often accompanied by the release of energy.

A+B — AB
O Gaaad o) ey (oSl e s
Formation reactions can occur between:
S e (ST (e @
e Two elements to form a compound:
el (oSl CpanSY) ae Cpn g pued) Jelds 24 Jlia
Example 4: Hydrogen reacts with oxygen to form water.
2Ha(g) + Ozg) — 2H20
P2 S e (S CS ey puaic @
e Element and compound combine to form a new compound:
S0 2T GG (g o€ Y pa oy Sl 2l Je i 15 Sl
Example 5: Sulfur dioxide reacts with oxygen to form sulfur trioxide.

32
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Jaiad STy pas S e Sl S e @
e Two compounds combine to form a new, more complex compound.

(L) aall) o sallU 0S5 3 (5 oS8 plall pa () adl) a sallSl 20T Jeli 16 Jlia
Example 6: Calcium oxide (quicklime) reacts with water to form calcium
hydroxide (slaked lime).

CaOgs) + H20¢g) — Ca(OH)2aq)

o) ) 4ie Janasl ST of iobe ) anl g (S je a4 2 S Jeli g pdil) edlelds (3
A 1 S Jelii g dblun (sl QLS je 5 pualie cuilS
3) Decomposition reactions: It is a chemical reaction in which one
compound breaks down into two or more simpler substances (either
elements or simpler compounds). Simply put, it is a "breaking" or

"decomposition" reaction.
General form of the equation: rAlalaall dalal) 3 ) puall

AB — A+B
S L paa) A ALa) e Lo e Lo cibinsS a5 oS5 (pauial ) e lis (Y 15
LSl sl ezl gl 5l HallS dabise JISaT b A8l oda 5SS
Because decomposition reactions involve the breaking of chemical bonds, they
often require the addition of energy. This energy can take various forms, such as
heat, light, or electricity.

elay syl ol ) o g ) il i oS 27 Jlia
Example 7: Ammonium nitrate decomposes into nitrous oxide and water.
NH4NO3i) — NoOg) + 2H20(g)
S e b Al paie G paic JNa) ) SlaY) edle W (4
4) Simple substitution reactions: substitution of one element for another in
a compound.
General form of the equation: rAlalaall dalal) 3 ) guall
A+BC—>AC+B
aaf Jae bl peaiall dagd oS jo g (Walis JiST) s jeaie Jeliy «dlelall o g gl 13 8
A paie 5 2 O e 0 sSE a dail (Wl JBY) jeaiall) (oS jall SN &G Sl jalial)
In this type of reaction, an active (more reactive) element reacts with a compound,
replacing one of the components of that compound (the less reactive element).
The result is the formation of a new compound and a free element.

5 Gl ey 5B -
S~ A
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Types of simple substitution reactions: shaaad) JSlay) cile s g1 il
AT 3l Jaa S JNa) e
Sl 8 g sl S e Ui STl Sl 55 Lanie Casa
e Substitution of one metal for another:
It occurs when the free metal is more reactive than the metal in the
compound.
Example 8: :8 Jha
Zn + CuSO4 — ZnSO4 + Cu
: 318 Al gy alaa) (e Cragungd BBa) e
e Substitution of hydrogen from acids by a metal:
oabea¥) 8 (g el dae Jad il ol ) jany
Some active metals displace hydrogen in acids.
Example 9: 19 JUia
Mg + 2HCl — MgCl, + H»
AT Y Jaa U Na) e
e Substitution of a nonmetal for another nonmetal:
(12 Brz «Clz F2 d—‘-“) QMP}JLGJ\ O Gy Lﬁ\.{:
It often occurs among halogens (e.g., F2, Cl, Br, L2).
Example 10: 10 Jua
Cly + 2NaBr — 2NaCl + Br

Cayad L) (a5 alae Jages (3 puaiall (e Ualis ST el juaiall (1S13) Jadh Jeliil) Cuany

2-3 0S5 b e 5b LS sl Il ALl ol
A reaction only occurs if the free element is more reactive than the element it will
replace. The order of reactivity is known as the chemical activity series. As shown
in Figure 2-3.

Metal activity series | <l 3l labas bl
=Y Sy
lowest highest
Au | Ag | Cu | Pb [ Sn [ Ni| Co | Fe | Cr | Zn | Mn | Ti | Al | Mg | Na | Ca | Sr | Ba | Cs | K| Rb Li
Nonmetal activity series <l o) Jalis Al
‘5_':3‘}(\ 5393"
The < The
lowest highest

I, Br, ChL F,

aliall ey 1ol ALl -2-3 JSA
Figure 2-3: Activity sequence of some elements
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Exercise (2-9): :(2-9) @i

flallell = Blal 5 il slled) cp Guan 4591 Ol il (g
Which of the following reactions occur between halogens and halide salts?
Fag) + Felaaq) — FeFa@g) + L) (a
Las) + MnBr2@q) — Mnlaag) +Braq) (b
Cla) + SrFa(aq) — SrClag) TF2g) (€
Bry) + CoClaag) — CoBra@g) + Clyg) (d
Exercise (2-10): :(2-10) 2%
i) o5 i3S ol sl s ASY) e il e JS Eania Ja g5
Predict whether each of the following reactions will occur, indicate the products
formed, and then weigh them:
1) | Mg + ZnClyag) —
2) | Fogy + 2HClag) —
3) Al(s) + A1C13(aq) —
4) | Fei) + NazPOgyaq) —
5) | 2Als) + 3Pb(NO3)2(aq) —

Exercise (2-11): ) 2(2-11) s
ZeY X Asgaa ol EO0 aladiuly 40 cole i) cy el dolasd) cojladll (e dlul b
ZCl; <YCly «XCl, :4adeY Jillaay
O iy X MU e dae¥ Ak S5 b5l ¢ YL staall (2 X Ol g g e 1 J5Y) Je il
Jslall
ey 5y )5 ye el s gl Gaay ol ¢ ZCl slae (2 Y Sl pa g i 1 SE Jeladl
FEL
Jstaall 8l g yuad gl ) S5 lan o ¢ XCl Jslse (2 7 Sl a5 2ie ;AN Je )
S 40 @l L) ol ccaadlll saa e 2l
In a series of laboratory experiments, the following reactions were conducted
using three unknown metals: X, Y, and Z, and solutions of their salts: XCl,, YCl,,
and ZCl,.
Reaction 1: When metal X was placed in the YCI, solution, a shiny layer was
observed on metal X and a color change was observed in the solution.
Reaction 2: When metal Y was placed in the ZCl solution, no noticeable change
occurred after a sufficient period of time.
Reaction 3: When metal Z was placed in the XCl, solution, a precipitate was
observed and a clear change was observed in the solution.
Based on these observations, which of the following statements is true?
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) J\..ud\
statement
Il Sl G JAY) o i g SOy aE e a3 oy il sl e Xkl
Metal X is the most chemically active, and its ability to lose electrons is (a

the least among the three metals. ]
o Callill Jelall 2l Aaleal) 5 Lilia L) 0 Y lal
Y () T XClaag) = YClaag) + Xes)
Metal Y is the most chemically reactive, and the chemical equation for the | (b
third reaction is:

Y + XCla@g) = YClawg) + X
Y <X <Z: by ) Ualis J8Y) (e <l 3l s 3
The order of metals from least reactive to most reactive is;: Y < X < Z

Laal (¢l JSE o) Jislaall S S 13 Y] caang of oSa Y Jasadl J3aY) Jelis

ol Sl d

A simple substitution reaction can only occur if the metal in solution (in
the form of an ion) is more reactive than the free metal.

(S e O sSE aS pe C Y1 Jals 1z ga3all YY) edle s (5
5) Double replacement reactions: the exchange of ions between two
compounds to form two new compounds.
General form of the equation: rAaleall dalall 3 ) gaaall
AX +BY — AY + BX

e (Al clis¥) clisil) A Y 5 X 5 (Raasall @lisV) Glisl<ll a4 B 5 A dua

Baaa LS e 0 oS AL b 5V e LagiSUal (4 58 e IS Jally ¢ Jelil)

Where A and B are cations (positive ions) and X and Y are anions (negative ions).

In this reaction, both cations exchange places with the corresponding anions to
form new compounds.

Example 11: 11 Jlia
2Na (aq) + CuClZ(aq) — 2NaC1(aq) + Cu (s)
Al L (s 5¥) 5 il 5Kl Aadaie g Adages 5ol Jolsidilee 08 7 533l JBaY) CBle s

I il e iy 17 5y el iiaall 8 Consl 5 5l (oS5 (pe 15 edilaasSl Cilileall (e paall 3
e il sSE ga Laila kel Al iyl el 3l 2l 2l s cJallall A gan Jaguas
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oY) Dol 435 sall ilial) Alsled) S @ shd 24 IS by LN Jelill iy
'GJJJA&\

Double replacement reactions are simple and orderly ion exchange processes
(cations and anions), yet they are essential in many chemical processes, from the
formation of precipitates in laboratories to neutralization reactions that adjust the
acidity of solutions to the production of gases in various applications. The key is
always to create a stable product that drives the reaction to completion. Figure 2-
4 shows the steps for writing a balanced chemical equation for double
displacement reactions.

1943l JSaY) ce Wl 45 g 5 pal) dibeasl) e aleal) A0S Al < gladl)
Basic steps for writing balanced chemical equations for double replacement
reactions:

Il il ghaall
Example Steps
ke il & ila S daall i)
AI(NO3)3 + H2SO4 Write the chemical formula for | (1

the reactants.
S 3 ALl o 5l 91 e
) S e
Identify the positive and 2
negative ions in each
compound.
Os¥)s n e Gl JS 0o T )
DAY Sl b )

NOs™ 5 A" 4 AI(NOs)s
SO4* sH' 48 H2SO4

3+ - 2-
Aé+ & j: )51\8184_ Match each positive ion to the | (3
& =ae S negative ion in the other
compound.
Liriien i) sill 4ball goal) i€
Al(SO4); A3 3 sl 4
HNO:; Write the chemical formulas of (
the products using step 3.
Je il ALaS A Lal Alsbaall i€
AI(NO3)3@q) + H2SOs(aq) — Al2(SO4)3¢) + HNO3ag) Write the complete chemical | (5
equation for the double
replacement reaction.
Al ()
2AI(NO3)3aq) + 3H2SOs(aq) — Al2(SOa4)3s) + 6HNO3(aq) (6

Balance the equation.
z 52 5all JYaY) ¥ olas AU < gl 24 JSAl)
Figure 2-4: Steps for writing double replacement equations
Exercise (2-12): 2(2-12) <o
DAY s e s peall 23S gl e s sing Laaaal gl 1) 551 5 gl mas i) o
S san) 8 el sala o5 ) g2 ALYl Al 55 J lae
Hydrochloric acid is added to two beakers, one containing sodium chloride
solution and the other silver nitrate solution. The addition results in a white
precipitate in one of the beakers.
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1) Which of the beakers contains the precipitate?

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

3) Write a chemical equation to show the reaction.

Jelall s Ciia (4
4) Classify this reaction.
Exercise (2-13): :(2-13) e

gty Al g 1300 T 30 cdle el i

Classify the following reactions according to the types you have studied:
Cayiaill daladll

Classification The equation
g €I sl G+ ple 5 Lty SN aea R
sulfur trioxide + water — Sulfuric acid
pomilall 3 ) IS + s — 4 it le + TIT sl 3y 518 @

Magnesium Chloride + Iron — Magnesium + Iron III Chloride
D3l e 5 Y e iy eS8 le (i die

When oxygen fluoride gas is heated, oxygen gas and fluorine gas are | (3

produced.

el Gl Filas A 2Ll (a1 5 i 5 el e g
Obtaining hydrogen and oxygen from water by electrolysis.

IS5 o g3 peall Jelis (pa aladall ele e Juan

We get table salt from the reaction of sodium and chlorine.

Exercise (2-14): :(2-14) <
iy S o) 0 e 300l cdle i) Cala

Classify the following reactions according to the types you have studied:

(4

(5

1) Q+XZ—->X+QZ (crrreee e e e e )
2) Q+Z—QZ (oo )
3) RX +TW — RW + TX (oo )
Exercise (2-15): :(2-15)

o) Ailida (e ol Ailn) Led a3 Jlaas Caaly Ledde Joan B jad 2l B L Jgaall
BLEY) iy Jo i ¢ gan (4) dam sall 5 ,LEY) Jiad G el 1l el e dilie il Y 4ile ol

Jeldl & gaa ane (-) ALl
The following table represents the results of an experiment conducted by a
chemist researcher in which different metals (minerals) were added to aqueous
solutions of different ions of those metals, where the positive sign (+) represents
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the occurrence of a reaction and the negative sign (-) represents the non-
occurrence of a reaction.

AlCl;s
CdCl,
CoCl,
MnCl
NiCl,
PbCl,

Al ALY e caal A s odled Jgand) (sl
Study the table above carefully and then answer the following questions:

.................................. ol ST ol Jlall gl
1.  Which metal is more active? .....cccooovvvnn....

.................................................. fUalis 8 Wl 5 i
1.  Which one 1s less active?.........ccccoovevevencnne.
$I3L € iniall (e g sican sle 5 8l Sl 3y oIS Jolaadiia (S ds i
iii.  Can a cobalt chloride solution be stored in a container made of
manganese? Why?

3Ll € abia il (e g sian sle 5 (A asisagl¥) 3 IS Jslaadaia (S da iy
iv.  Can aluminum chloride solution be stored in a lead container? Why?

G N Lesas e JSedlel Joandl 4 diladll pas Baialde sldcliadtiacallh 1y
S V) aal ALl <l N (e o s
v. If you were asked to make containers to store all the solutions in the table
above individually, what metal would you choose from among the previous
metals to make the containers?

flelidl) g ¢ Ui $ISAN 2 ) oI wa clly oI Jelail diliaS Alalae i€l v
vi.  Write a chemical equation for the reaction of cobalt with nickel chloride?
Indicating the type of interaction?

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

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

Reactions in aqueous solutions Lilal) Jallaal) & cdle i)

e (o aall) Aleliial o gall (5 585 Lavie aaad il Abiasl) cblelinl a Al Jilladl) ke lis

Jstaadl 338 JSY) g5 udeS elall Jamy cdleliill o2a & oLl b
Aqueous solution reactions are chemical reactions that occur when the reactants
(solutes) are dissolved in water. In these reactions, water acts as the solvent and
is the largest component of the solution.
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Classification of substances in water: sslall A 3 gal) Ciiiuas

(LS i 58) il sl ) lsal) e i 508 e 2l elall (8 Dl il yall gl
Compounds dissolved in water are classified based on their ability to dissociate
into ions (conductivity of electricity).

pul il ajlig
istry of Education

Ministry o

JGa Ladll i)
o= e
Example Properties Type
il Dl ) G S e 0 oS3 e lall 3 JalS IS ol ) el s
((salt) (el o) NaCl s 5 alon ¥ A A8 1SS ) ol | SIS
(b5 5 2ell aes) HCI | They dissociate or ionize completely in water to form a large A il
(hydrochloric acid) | number of ions. Most ionic compounds include solute strong
compounds, strong acids, and strong bases. electrolytes
CH.COOL o) Jadi b sV e Jili aae o oSl el 8 Lo ja ool | il 5y
(s S ) Admall el @l g | ddgeall
o Partially ionize in water to form a small number of ions. weak
(acetic acid) .
Includes weak acids and bases. electrolytes
- - e £ o P e . . .
ds*‘gs-“gss#}“—‘b}é‘ujjdssuj\L).-.’L‘-’YLPS}"LA\#.ZJ:J-’ QU;:SJJKSSN
sald) JS) CioH2O : . o R -
( S CiHzOn It dissolves in water but does not ionize or dissociate into elecrg)(?l yies
ions, and remains in the form of molecules.

rdilal) Jallaal) (2 Ay Sad) il yal (ol
Dissolution of Molecular Compounds in Aqueous Solutions:
o3 a3 Ladie Ayaalu Jay) 5y Aadi o I3 (ge ()5S 3 sa (Apaaluail) ) Ay jall LS Hall aad
POy O sl (saaly (b juall Ll ¢ Sl J slan (8 LS )
Molecular (or covalent) compounds are substances composed of atoms held
together by covalent bonds. When these compounds dissolve in an aqueous
solution, they behave in one of two main ways:
(il g I (4 9S5) i 99 Olasd (1
1) Dissolving without ionization (formation of non-electrolytes):
2l ol (alal€diiadl e ol dala dalall 4 jall Gl el o gl iYLl g 13a
2-5085 Aine A lS 48
This is the most common behavior of ordinary molecular compounds, especially
those not classified as strong acids or bases. As shown in Figure 2-5.

Example 12: 212 Jua
Sugar (sucrose): ((DsoSall) Sl
2
Ci2H2201159 —  Ci12H22011(aq)
H
/
=0
2 . | e = O0—H H—0
& Sl gl 2.5 Jsal B
| S AN P B
Figure 2-5: Dissolving oy VAN
sugar in water o S i
B . BB
H H*C{ H
H
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2 (il g Sl 9S0) ol g s (2
2) Dissolution with ionization (formation of electrolytes):
o3 (can ol oy oS el iy G e Apadal) Ay o) LS el Glamy Je Wil duala CVl
2-6 JSA b e 5a LSyl Al
In special cases, some polar molecules react with water molecules to form ions.
This process is called ionization. As shown in Figure 2-6.
Example 13: :13 Jua
HCl(g) + HxOp — H30"(@g) + Cl (ag)

-

g S Glsd 1246 JSill

slall 4 /
Figure 2-6: Electrolyte g
solubility in water o~

4ilal) Sallaal) 8 435601 S sall il 93
Dissolution of Ionic Compounds in Aqueous Solutions

5 Al o g i il 1) LSS (33 5l e (oLl i) Al sl i s LSl 5
G ekl s cuddl oS Laxie (Hydration) 4aleY) i b sdll auly dilasll 028 iy 4S jal)

slall G alakall mbe g3 dplee 227 JSG
Ionic compounds dissolve in polar solutions (such as water) by dissociating into
freely moving positive and negative ions. This process is known as dissolution or
hydration when the solvent is water. Figure 2-7 shows the process of dissolving
table salt in water.

¢ 1 2 NaCl plakalt zle L9

oo
s O

Na® ol gaf > ff/// ey Q/’/ Cl™ &l gal
e Sl ol
g o RN
® ”:J:’j% é \@Q@

slall (8 4 oY) LS pall (lsd :2-7 JSA)
Figure 2-7: Dissolution of ionic compounds in water
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Describing reactions with ionic equations: 140 5a¥) Yl ele ) ciua g

Lwdlly Lals iy 1SS ikl Jillad) 8 clelall Caa gl A ) caladl andiud

i) iyl S
Ionic equations are used to describe reactions in aqueous solutions more
accurately, especially for strong electrolytes.

gl JSE e elall 8 dalaall 4y il culid o I aaen jedad 3 (Al Aalsl) 43 5,81 Aalaall (1
iy ) gy (ol g S gf) S ST oLl ol G Ly S
1) Complete (overall) ionic equation: All strong electrolytes dissolved in
water are shown as dissociated ions, while the precipitate, water, or gas (or

weak electrolyte) is written in its molecular formula.

Example 14: :14 Jla
AgNO3(q) + NaClug) — AgCls) + NaNOsag)
: IS el 13g) ALl A ) Alabaall 2L
Write the complete 1onic equation for this reaction as follows:
Ag'(aq) T NO3"(ag) + Na'(aq) + Cl'taq) = AgClis) + Na'(agq) + NO37(ag)

Il Y s e il il )Y Cadag Lale J gean) ) 3 (Aadlgdl)) Adlal) 45 641 Aalaall (2
(el Jelall  Ulad o Ui Y 5 ool il g cdleliiall ala 8 500 ()50 el

2) Net (final) ionic equation: It is obtained by eliminating spectator ions,
which are ions that appear unchanged on both the reactant and product
sides and do not actually participate in the chemical reaction.

Example 15: 115 Jba
Ag"aq) + NO3'ag) + Na'ag) + Cliag) = AgCles) + Na'ag) + NO37ag)
i iial) il ) Cadnd Je il 13g] dudloal) A 5801 Alalaal) ALUS]
To write the net ionic equation for this reaction, remove the spectator ions:
Ag'aq) T Iﬁés'(aq) + D ) + Clag) — AgCliy + WA o + NG
Final result: Al dagiall
Ag ag) T Cl'ag) — AgCly)
o o 30 (8053 5 codle iall) 4 oY1 Aalaal) 85k 35 s 50 i gl o pda i) cli s
Al ) 5f Ailasl Lella B s (gl Lede
Spectator ions: ions present on both sides of an ionic equation (reactants and
products) without undergoing any change in their chemical or physical state.

Types of reactions in aqueous solutions: rilall Jallaal) & bl Linl) g ) g
aad oS8 Jslaall (e il oY) Gy cama &5 13 Jah Slai€a jrind sz 50 3all e Jeli uasy
A ) 53

A double replacement reaction occurs and is considered complete only if some of
the ions are removed from the solution to form one of the following products:
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1) Precipitate formation (Precipitation reactions):
Gy (Al ale) I3 e i ol S ya U o€l lldl 5 Con gl 0 01 2ay 6 g jSY ¢ 5ill 5
) Gl 2S5 Ha can i dlee 28 JSS (i Jsladll (e
This is the most common type. The positive and negative ions combine to form

an insoluble ionic compound (solid) that separates from the solution. Figure 2-8
shows the process of precipitation of copper(Il) hydroxide.

Example 16: :16 JYa
2NaOHgq) + CuClaag) — 2NaClag) + Cu(OH)z)

The complete ionic equation: ALK 4 50Y) Alalaal
2Na'(ag) T 20H ag) + Cu?“ag) + 2Claq) — 2Na'(ag) + 2Clag) + Cu(OH)25)
Net ionic equation: Auiliall A5 oY) Aalaall
2" (aq) + 20H (aq) + C0%'ag) + 22 ag) — 20" o) + 220 2y + Cu(OH))
20H (@g) + Cu?*'aq) — Cu(OH)xs)

:2-8 Jsall
Figure 2-8:
Precipitation Reactions

:(dél.aﬂ\ ‘;dsl.i:) sla ;‘_5*}9 G 9SS (2

2) Formation of a water molecule (neutralization reactions):
L) 308 5 sued) & sl an Gaaall (e (HF) sl Cn 5 s3el) ¢l 2ay 330y (mas G Caany
sl g sSidee 2.9 JRE iy Jabia (HR0) sk e (sl sac @l (e (OHY)
It occurs between an acid and a base. The positive hydrogen ion (H") from the
acid combines with the negative hydroxide ion (OH") from the base to form a
neutral water molecule (H20). Figure 2-9 shows the process of water formation.
Example 17: :17 JGa
HBr(aq) + NaOHaq) — NaBrg) + H20q)
The complete ionic equation: ALK A 5aY) Alaladll
H(aq) + Br'(ag) + Na'(aq) + OH (ag) — Na'(ag) + Br'tag) + H200)
Net ionic equation: Adliall 43 Y Aaball
H (aq) + B aq) + 28" ag) + OH (ag) — W' aq) + BF (0 + Ha0p
H' @q) + OH aq) — H20q)

43

ibgll cilualyl aglall slialg




o g0
EJLF_"J ‘I.?-J.P.?. Mawhiba

:2-9 JsA)
Jaladll e s
Figure 2-9: / 7 7
Neutralization reactions T Neoii, i B

Do Lanty f=yresy)

e e (3

3) Gas formation:
oaes Jie ¢ fiue e Jan s S ja Jlad (el 138 iy Lo Ule Jolaall b 13le ol sl aal
COy e 2ebaiyl (A s uel) o s saaall G5 xS ) 50al) g a iy 518 5 sgl)
One of the products is a gas that leaves the solution. This gas often results from
the decomposition of an unstable intermediate compound, such as acetic acid with
baking soda (sodium hydrogen carbonate), to produce CO> gas.

Example 18: 18 Ja
Chemical equation: Al ddaladl)
NaHCO3(q) + HClag) — NaClg) + H20q) + COzg)

The reaction takes place in two stages: 1Ol e e deladl) 2y

1. NaHCO3(aq) + HClaq) — NaClag) + H2CO3(g)
2. H2COse— HaO + COxe)
NaHCO3(aq) + HClaq) + H;ZO3(g) — H%O:S(g) + NaClg) + H20q) + COxg)

The complete 10nic equation: ALK 4 501 Alaladll
Na'(ag) + HCO37(ag) + H'(ag) + Cl(aq) = Na'(aq) + Cltaq) + H20q) + COxg)
Net ionic equation: dadlall 4 oY) Adaleall

)(a-‘r(aq) + HCO37(aq) + H' ag) +,Zr' (ag) — Wl+(aq) + Zf(aq) + H20() + COxg)
HCO5"aq) + H'ag) = H200) + COxg)

Exercise (2-16): :(2-16) <uu
23 53 J slae Je i Levie (i) A o) 5 AL A 0381 9 625 5 3 gl A eyl AilianKl) Al i)

bl pabia )l a5 G 5S3 Galia ll Sl i J slae ae p ganli sl
Write the balanced, fully ionic, and final ionic chemical equations when

potassium iodide solution reacts with lead nitrate solution to form solid lead
iodide.

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

................................................................................................................................
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Exercise (2-17): :(2-17) @

A3ia ¢(Triphosphate) <l 58l S35 (g jladll aw¥) caad el oAl ¢ SN paad) i g gy 3y

Ol a3 3 b sasell (5 sinea e Jaliall aaind syl Sy Uil 5o

2558 Jslan oo (CaxP205) oSl i s m Jslaa Jelis QYR (e & all 134 limas

Gl sd gy (e Abia il 55 (CaCla) pusmadl Sl &) 6IS J slaa &35 Las ¢(FeCls) (U sl

A paal)

[ron(IIT) pyrophosphate, sold under the trade name Triphosphate, is an iron

substitute medical product used for the maintenance of hemoglobin in the blood

of adults. It is prepared by reacting a solution of calcium pyrophosphate (Ca2P.0O-)

with a solution of ferric chloride (FeCls) to produce a solution of calcium chloride
(CaClz) and a solid of iron(I1I) pyrophosphate.

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

Exercise (2-18): :(2-18)
g S Y shae Ll e (i) A 5085 LS i 501 5 € 5 sl B o) AtlliasSl) Alsbaall S

Ol e (g siag cul ) 0 oS ouledd) Suiniall 4y ) 6IS 5 503 guall
Write the balanced, fully ionic, and final ionic chemical equations for the
chemical reaction that occurs when sodium carbonate and manganese chloride
solutions are mixed to form a precipitate containing manganese.

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

................................................................................................................................
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Exercise (2-19): :(2-19) s

Caty 3S Sl A0 Al (ol (i o 503 geall iy S wa g L) il Je i (e gl Ay 2ie
o slS 5Huell Gana Jslas pe sl Hll Lala &5 Je L) i 5 am 5 o ddle o g )l
¢ Ayl Jelaill idlall 4y oY) Aaleall 5 ALl 45 1 Aaleal) S
When studying the product of the reaction of barium acetate with sodium sulfite, it was
found that the lattice energy of the barium sulfite compound was very high. After
filtering the reaction, the precipitate was mixed with a hydrochloric acid solution.
Write the complete ionic equation and the net ionic equation for the latter reaction.

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

Exercise (2-20): :(2-20) 2%
Four experiments were conducted in a chemistry laboratory by mixing aqueous
solutions of different salts, and the observations were as follows:

LIA ) ey Adas U Zaloaall Akl Jaladll Oy ol
Note after mixing Added aqueous solutions Experiment
iﬁhﬁzd)&d\ eﬁ.ﬁj‘aﬂﬁ_w\)ﬁ—l—e}gﬂu}d\%\.ﬁjﬁ
No noticeable change Potassium bromide + sodium (1

occurred, and the solution | nitrate
remained clear.

S Gl ol S8 o5 saall 25 o + (uladll iy S
A thick blue precipitate is Copper sulfate + sodium 2
formed. hydroxide
B dad); 4l e (@3l psanil sl 20 gy + o g Y 3y IS
The release of a gas with a | Ammonium chloride + potassium (3
pungent odor. hydroxide
B Lo 23y G ol (055
Jolaall 3l ja da )2

Formation of a white
precipitate and a
significant increase in the
temperature of the
solution.

2o bl 2S5y + el Sl aea

sulfuric acid + barium hydroxide “
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Plasa e M @l jlell 51 oz 0 3all JBaY) @leld solue e 5l
Based on the principles of double replacement reactions, which of the following
statements is true?

3 Ll
phrase
A3 Al Jallae 0S5 3 7053 pas i o Le Wil aad x50 3l Y] E5le i
Double replacement reactions always occur unless all products are | (a
produced as soluble aqueous solutions.
ol 2uS 5 )38 sl ) 5 a0 gaall Gl 1S (G 6ST e 203 (2) Al 8 Jelal)
The reaction in experiment (2) resulted in the formation of sodium sulfate | (b
and a precipitate of copper hydroxide.
Ggan Ty i dadi 3 Y Jeldill 3 ) ja o G chah G yi Jelds 1 (4) 4l b Jelal
The reaction in experiment (4) is a precipitation reaction only, as the heat | (c
of reaction is not related to the conditions for the occurrence of double
replacement.

AgNO3 =S e NaNO3 Wasin) ol Sasg IS (1) 4aill (& sy ol (3l) Jeladl)
The reaction that did not occur in experiment (1) would have occurred if | (d
we had replaced NaNO; with AgNOs.
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Exercise answers Gl il Slls)
Exercise (2-1): :(2-1) e

et Omsow — (e soledl g
Exercise (2-2): ; A ; 0(2-2)

e},}&}«a‘i\ Gl — gyl Al + cla
Exercise (2-3): :(2-3)

C

Exercise (2-4): :(2-4) X

Alall o sandli sl ) )5S — Clall o gnli sl 351 + S e
2KClO3i) — 2KCls)y + 302
Exercise (2-5): :(2-5)
poanall Sl i o S+ <) S g Haed) (ana — 4 gallSll oy 5IS + el + COy
calcium carbonate + hydrochloric acid — calcium chloride + water + CO>

CaCOs3 + 2HCl — CaClx + H,0 + CO,

ool ) A€ 5 Ham 4 Gy SN aes — o gali sl Gl HS + cla
potassium hydroxide + sulfuric acid — potassium sulfate + water
2KOH + H2SO4 — K3SO4 + 2H,0

I paasl C’_at'u“)._&—i—awu}_d\&\éu)é—) I ynuxd L“_mlé.mjé—i-awu}_d\ Gy S
tin (II ) sulfate + potassium phosphate — tin (II ) phosphate + potassium sulfate
3SnSO4 + 2K3POs — Sn3(PO4)2 + 3KoSO4

Cloall o saia sl + @l 5185 Huell Gaes — o i IV 25 + s uell e
Solid aluminum + hydrochloric acid — aluminum chloride + hydrogen gas

2A1+ 6HCI — 2AICI; + 3H»

Exercise (2-6): 1(2-6) cuux
2L13PO4 + 3CaCl, — 6LiCl + Ca3(POs4)2 (c
Exercise (2-7): 2(2-7) s
ZnS + 2HCl — ZnCl, + H,S
}a.bd\
Element Zn S H Cl
Cole Latal) : 1 ) )
Reactants
i 5l
Products I I 2 2
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6HCI + 2Cr — 2CrCl; + 3H»
paiall
Element H Cl Cr
Cole Latal) 6 6 )
Reactants
i il
Products 6 6 2
2FeCl3 + 3Na;CO3 — Fex(CO3); + 6NaCl
yaizl)
Fe Cl Na COs
Element
S le Weial) ) 6 6 3
Reactants
R
Products 2 6 6 3
Na,O + (NH4).SO4 — NaxSO4 + H,O + 2NH3
il N 0 N H S
Element a
Cole Latal) ) 5 ) 2 |
Reactants
i il
Products 2 > 2 8 1
Exercise (2-8): :(2-8)
1) C2H402+ 20, — 2CO; + 2H20
2) Mn(NOz), + BeCl, — Be(NOz), + MnCl,
3) 3AgBI’ + GaPO4 — Ag3PO4 + GaBrn3
4) 3H>SO4 + 2B(OH)3 — B2(S04)3 + 6H,0
5) 2NaNOs + PbO — Pb(NO3), + Na,O
6) Ca3(PO4), + 3H2SO4 — 3CaS0O4 + 2H3PO4
7) 2A1+ 3HSO4 — Al (SO4); + 3Ha
8) Al,C3z + 12H, 0 — 4A1(OH)3 + 3CH4
9) 2Na + 2H,O — 2NaOH + H»
Exercise (2-9): :(2-9) cu

ibgll cilualyl aglall slialg

Fag) + Felaaq) — FeFa@g) + Loy (a
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Exercise (2-10): 1(2-10) cuu

1) | Mg + ZnClaag) = MgClowag) + Zngs)

2) | Fogy + 2HClag) = Clogg) + 2HF (ag)

3) | Al + AlCl3aq — NR

4) | Fe) + NazPOusag) — NR

5) | 2Al) + 3Pb(NO3)2taq) — 3Pbs)+ 2AINO3 )33

Exercise (2-11): 2(2-11)

Exercise (2-12): 1(2-12) cuud
dadll @l i Ll (1
Al 3 )18 (2
AgNO3(q) + HClaq) — AgCls) + HNO3q) (3
z 5w sl Jelds (4

Exercise (2-13): :(2-13) cuu
iadl) Aalaal)
Classification The equation
L Sl 2T GG+ pla — @iy S aea |
- sulfur trioxide + water — Sulfuric acid (
Lo Al psmiclall 3 ) IS 4+ dam 5 4 it le + T waad) 3y )58 @
B ] Magnesium Chloride + Iron — Magnesium + Iron III Chloride
Sl e 5 S e iy (S 3y )l e (it die
Ri When oxygen fluoride gas is heated, oxygen gas and fluorine gas are | (3
produced.
i el Qi) dlee Aol g2 slall (e SV 5 ouel) o Jseanll “
Obtaining hydrogen and oxygen from water by electrolysis.
s IS5 a3 geall Jelis pe aladall ke e Joma s
) We get table salt from the reaction of sodium and chlorine.
Exercise (2-14): :(2-14) <uu8
1) Q+XZ - X+QZ (s Ba)
2) Q+7Z - QZ (0sS5)
3) RX+TW - RW+ TX (z520e D))
Exercise (2-15): :(2-15)
Al 1
Pb .11

rfiaial) gl &I 5 61 g Je i sy 48Y Y i
oaball 5 o saia sl 2,518 o Jeld san aaal caai iy
byl v

Co + Ni** = Co*"+ Ni .vi

B Ja) 2 elitl ¢ 5
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Exercise (2-16): :(2-16) <
Chemical equation: ALl Alalaal)
2Kl (aq) + Pb(NO3)2(aq) — 2KNO3(aq) + Pblas)
The complete ionic equation:  :4LalSll 4y 5,1 sl
Final ionic equation: sAileall du V) Adaledl)
2T (aq) + Pb*"(aq) — Pbly)

Exercise (2-17): :(2-17)
Chemical equation: ALl Aaladl)
3CasP207(aq) + 4FeClzag) = 6CaClyaq) + Fe4;(P207)3(5)
The complete ionic equation: ALl 43 5 ¥) Aalaall
Q8> (aq)  3P207* () + 4Fe gy + 1 - T~ 698 > gy + 1€ aq) + Fea(P207)s3(o)
Final ionic equation: Al A oY) Alalaall
3P207%(aq) + 4Fe **ag) = Fes(P207)3()

Exercise (2-18): :(2-18) s
Chemical equation: :48LaSl Alalaall
5Na2CO3(aq) + 2MnClsag) — 10NaClag) + Mna(CO3)s(s)
The complete ionic equation:  :4LalSll 4y 5,1 sl
1" aq) + SCO5> (ag) + 2Mn ™ ag + 19€1 ) — 1 QA" (ag) +1 Y0y +Mn2(CO3)ss)
Final ionic equation: Al A Y1 el
5CO3% (aq) + 2Mn>* (ag) — Mno(CO3)ss)

Exercise (2-19): :(2-19)
Chemical equation: -AilaSl) Aaladl)
BaS0O;() + 2HClaq) — BaClaag) + SOx) + H2Oq
The complete ionic equation: ALK A5 60 Adaladll
BaSOss) +2H" ag) 72C1 (ag) —Ba*(ag) +2C1 (aq) + SO2(g) +H200)

Net ionic equation: Agilall 4 )Y Aalaall
BaSO3( +2H " (ag) +2 () —Ba>'ag) + Y0 ag) + SOn(e) +H20p)

BaS0s(s) +2H"(ag) —Ba*'@aq) + SO2e) TH200)

Exercise (2-20): 1(2-20) e

51

ibgll alualyllg aglell slialgl



DJJ_LL“ l._j_JIJq Ma;wh?l-:; N S M.o

03 dalal) (ulid 3
Measuring Matter

Ol ) e Jaladll e Aald @y salal) 4ueS st ) elall 8 30l (il mllaias pudy
reall & daliie Gy jall g <l A Y 5l il 5 cle bl (e Badae G (et il e
Maalall 408" I3 Al (i 33 S (Mole) Jsall ¢ silaasll aaic ) a8 ¢ o0 58 IS5 e Sy Y g

(ST) las 5l T gall JUai) 3
In chemistry, the term "measurement of matter" refers to the precise
determination of the amount of a substance, especially when dealing with
chemical reactions that require specific ratios of reactants and products. Because
atoms and molecules are so small that they cannot be counted individually,
chemists adopted the mole as the basic unit of measurement for "amount of
matter" in the International System of Units (SI).

@ (@hagﬂ\ Luall Dlas g }i c&\jﬁiﬁ\ oty jall cQ\Jﬁ\) Glaswadl 2] 40ubil) 3as 11 a1 gall
bl

Mole: The standard unit for counting particles (atoms, molecules, ions, or
chemical formula units) in chemistry.

Jla Gl
Example Particles
(\..JSA} cAg «Cu <Fe ) )mhaj\ L".\\J.S U"_i\‘)...ﬂ\
Atoms of elements (Fe, Cu, Ag, etc.) Atoms
H0) Sl pall @l o s ¢ (1558 5 (PyeF2¢Og) aliall Sy 5o
(a5 «CO, iy )
Elemental molecules (O, F2, P4, etc.), and compound Molecules

molecules (H20, COa, etc.)
A saae <l gV (1S 5 «Cr2* «Cl) el il Y|
(125 <NH4" <OH") T
Monatomic ions (C1-, Cr?*", etc.), polyatomic ions =Ll
(OH-, NH4*, etc.) lons

(A1;03¢NaCl) 4 sl S 5 ¢(Si0;) ASad A jn Gl pe | Al drall Cilas
Covalent network compounds (SiO>), Ionic Chemical formula
compounds (NaCl, Al,O3) units

00 12 g (385 sall Cilamall (e 4ndi daall e s gin A salall A0S asly J sl Lyl 2

(Na) sl sél aae oy Culdl) 23al) 138 12-0p 50 S0 palas

A mole is also defined as the amount of a substance that contains the same number

of particles as 12 g of the carbon-12 isotope. This constant is called Avogadro's
number (Na).

A 6.02x1023 = (Na) sl g8l 2
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The relationship between moles and the number of particles

A A8l ey Clapuad) 2ae 5 Y gall c il 5 jola 8 dae alasin) (Say
Avogadro's number can be used to convert between moles and the number of

particles according to the following relationship:
;a.:\.abl:\ 5\ 43%a1)

Mathematical relationship:

Glaveall dae
e gl e = 2
5ol 8 2ae
N
n N A
Example 1: 11 Jua

Sasaie ) 5a 3,3 5.75%10%4 Y 5 220 Lo
How many moles are there in 5.75x10%* atoms of aluminum?

:Jadl
N
""Na
_ 5.75x10%%
N 6.02x1023
n=9.55 mol
Exercise (3-1): :(3-1) s

€Sy @l 3 (e aae ST e (g ging Al @l jlall
Which of the following options contains the largest number of oxygen atoms?
10.0 mol O3 (a
3.0mol Oz (b
16.0 mol Oz (c
16.0 mol HO (d

Exercise (3-2): :(3-2) s
Adide iy gla 3 e Leay 55 3 (03) Gss) e (e A sene ddie Ll
(03) 0555 Jle i 00 U530 0.75 e gsini 1 AsYI Aylall m
) A slaldl iy 3 ae Ciual Jaleg Gy ) (e axe e (g giad A 4y glad) m
3.011x10% Jlsiey 4l Lglall e ST clisall e 220 o (5 0% AAEN 45lal) m
P .;Lﬁ}
e BN il lall 8 3 s sall (03) 05)5Y) iy a Y sl ASH 2201 L
We have an unknown sample of ozone gas (O3) distributed among three different
containers:
= The first container contains 0.75 moles of ozone gas (O3) molecules.
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= The second container contains half the number of molecules in the first
container.
= The third container contains 3.011x10% molecules more than the second
container.

What is the total number of moles of ozone (O3) molecules present in the three
containers together?

................................................................................................
................................................................................................
................................................................................................
................................................................................................
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
................................................................................................

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

Mass and mole Jgall g ALict)

el o 5 dka il axe e (s siad de AU 6l ol (e 2a) 5 J 50 ALK o4 2a) ) Jsall A1S
The mass of one mole is the mass of one mole of a substance, that is, the mass of
a sample containing Avogadro's number of particles.
(M) 4l gl ALY
(2/mol) seaiall 138 )33 (pa 3l 5 Jga S & jeaiall 2 sall ALY

Molar mass (Mu)

The molar mass of an element is the mass of one mole of atoms of that

element (g/mol).
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MOLAR MASS
AJ gt AlusST)

The mass of one mole of substance Eoladl o Jge D=lg AlsS
(6.02 x 1023 particles) (6.02 x 1023 particles)

A\

W

1 MOLE OF SUBSTANCES

1 mole of any substance equals its molar mass in grams
Ololyzelb Ad 9ol AliS (S9luw Bole ST (po Jgo I=19
Al gall ALK Jiias 231 JS&
Figure 3-1: Molar mass representation

SV () Jsaall 883 gm pall) emial) QI3 dsel) 2,30 ABSY (5 sl _miall 2 sall ALSI)
(amu) 43 A 3as 5 e Y g/mol 32s 53

The molar mass of an element is equal to the relative atomic mass of that element
(as found in the periodic table), but in g/mol rather than atomic mass units (amu).

Example 2: 12 Jha
1(02) CpanS A sal) ALY
O : 2x16.00 g/mol = 32.00 g/mol
4l gal) ALK (M) = 32.00 g/mol
Exercise (3-3): :(3-3)
as 5 Jge W _luie) (S ¥ A0 ol L) (e
Which of the following cannot be considered one mole?
6534 g7n (a
26.0 gFe (b
Ag?,26.02x105 (c
0, 52 6.02x10% (d

Ay 1) A8dal)
Mathematical relationship:
) Ay
. m
"=
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Example 3: :3 Jla

£3.75 mol ¥ se 220 4l Al A 4 saie 51U clal jally ABSH s
Calculate the mass in grams of aluminum Al which has 3.75 mol?

:dad)
m=nxM
m = 3.75mol % 27g/mol
m=101.25¢g
Exercise (3-4): :(3-4) s

¢ CsHoNO; (sl 4 gl) AN e
What is the molar mass of CsHoNO,?
162 g/mol (a
76 g/mol (b
151 g/mol (c
70 g/mol (d

Exercise (3-5): :(3-5) s
(ol Lo dan 51 38 5 «(AL5(SO4)3) psie st iy S Sy (e A L]
(SO) i Sl e sana (30 30 0.87 sle 5 simg Al IS A s Jiay 5301 5 51 m
(AP pstia sl (sl 1.2044%10% Lo (s sing Al Ga DAL e aladinl o =
Sa sia s iy 5S e Aplial) Al (el jally) 2SN ABSY a L
We have a sample of aluminum sulfate (Al>(SO4)3), and the following was
observed:
The portion representing one-third of the total mass of the sample contains 0.87
moles of the sulfate group (SO4+*).
Another portion of the sample was used and contains 1.2044x10?* aluminum ions
(AIPY).
What is the total mass (in grams) of the original sample of aluminum sulfate?

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
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The relationship between the number of particles and mass

140 all ALY

Clapall (e

X X 6.02x10%

Z\_ﬁﬂ\ molar mass of particles Gilasaaal)
mass particles

40 ) ALY

molar mass

]
A pall Bl imns 322 JSA
Figure 3-2: Some moles relationships
Example 4: :4 Jua
THg G5 e 11.5 g 8 S e L
How many atoms are in 11.5 g of mercury Hg?

:Jadl
— m 23

N M X 6.02x10

11.
N= > X 6.02x10%3

200.6
N =3.45%x10%5_3
Exercise (3-6): :(3-6) X

¢ NaF a5 sall 35518 (30 2 Mol (o 53 s sall <l 5031 Y 5 e oS
How many moles of ions are present in 2 mol of sodium fluoride NaF?
2 mol (a
0.5 mol (b
4 mol (c
1 mol (d

Exercise (3-7): :(3-7)
(CaCly) pspndSll 2y 1S5 (NACI) pspd saaall 2551 et Gl (S se e (5SS lia Lagls Lol
e (s sins @l Jslaal o an s felall L3 JRSIL sl 4403 i 55,7 g (o Jadall 4,0<H AL
(CI) 2,58 ol 6.022x10%
fhdall 13 8 (NaCl) po sall 2 o<1 drpall Glas g 22e L
We have a solid mixture consisting of two pure compounds: sodium chloride
(NaCl) and calcium chloride (CaClz). The total mass of the mixture is 55.7 g.
When the mixture is completely dissolved in water, the resulting solution is found
to contain 6.022x10?* chloride ions (CI).
How many formula units of sodium chloride (NaCl) are in this mixture?
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oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
................................................................................................
................................................................................................
................................................................................................
................................................................................................

S all Ailial) Aipually ) gal) By i () clESlad)
Relationships between the mole and the chemical formula of compounds

gl e 330 LSl Alal) Eipeall s sl (e B Ly 5
The relationship between the mole and the chemical formula of compounds is
based on three basic concepts.
s yall diliassl) ddpually LB 5 4] gall ALSH o
e Molar mass and its relationship to the chemical formula of
compounds
S all ]l RS o o a -« i JS Gl 301 23 330n S 5l Ailiasl il pasid
Al el LS 4l &35Sl 3 aand 2,30 S e
The chemical formula of a compound is used to determine the number of atoms
of each element, and then the molar mass of the compound is calculated by adding
the atomic masses of all the atoms that make it up as they appear in the formula.
Example 5: :5 Jua
To calculate the molar mass of water (H,0). (H20) slall 4 gl ALSH i
H:2%1.008 =2.016 g/mol
O : 1x16.00 = 16.00 g/mol
Al 5all AW M =2.016 + 16.00 = 18.016 g/mol

Exercise (3-8): :(3-8) s
ot AilaasSl) aia () (TIT) all sSI el (oaslns 33 ) 1S S el A ) ALK s
[Co(NH3)s]Cl3
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Calculate the molar mass of Hexaammine cobalt(III) chloride, whose chemical
formula 1s [Co(NH3)s]Cl3?

184.35 g/mol (a
267.52 g/mol (b
496.93 g/mol (c
189.44 g/mol (d
S jall dpilass) dially 4383e 5 g pdla gdl 2 @
e Avogadro's number and its relationship to the chemical formula of
compounds
S el 45 S pealiall e (Y sall ) el aae L il dapall Jia
A chemical formula represents the ratio of the number of particles (or moles) of
the elements that make up a compound.

Example 6: :6 Jua
128 ol dapall e sl s Gluall (e e 6.02x10% e s sis (CHy) Ol Jle (e Jse |
sle Laail (5 giny J gall

1 mole of methane gas (CH4) contains 6.02x10%* molecules of methane. Based
on the formula, this mole also contains:
Aagall A 05 sSI) e dad sl 5353 2 5 45Y (53 6.02%10%3) (C) 05 S &3 e Jse 1
1 mole of carbon (C) atoms (6.02 x 10?* atoms). Because there is only one carbon
atom in the formula.
O sl e ad Cl 53 o s gy Y (33 4x6.02%x10%3) (H) G sl 13 e U5 4
Al i
4 moles of hydrogen atoms (H) (4x6.02x10?* atoms). Because there are only four
hydrogen atoms in the formula.
Exercise (3-9): 1(3-9) e
180.16g &S 558 slall (e die bl (S 13 daledl by Sl e CoH 1206 S sladl oS je 22
el 028 85 s sall (S 0l HA1 K daed) vl
Glucose (CsHi20g) 1s an important sugar. If you have a sample of glucose with a
mass of 180.16 g, calculate the total number of oxygen atoms in this sample?
oSl 3,3 6.02x10% (a
oSl 3,33.61x10% (b
CransSi3 53 1.82x10% (¢
oS 5,32.97x1022 (d
S yall AilasS) Aty Ble 5 sl il o
e Molar ratios and their relationship to the chemical formula of
compounds
Sl (e Jge JS A Y e 220 ) AilasSll Arpeall 8 Al Q8 Y1 0
The subscripts in a chemical formula indicate the number of moles of atoms per
mole of the compound.
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Example 7: 27 Jla
7(CO2) 58 20l U A0 sall Al (0 e
What is the molar ratio of carbon dioxide (CO2)?
:Jadl
COy o050 1 U502 (A Use 1 (ot S 5 050 ySI (Al el Al
The mole ratio of carbon to oxygen is 1 mole to 2 moles per 1 mole of CO..

MM\M@M\M\%ﬂ\

R

Relative percentage composition of the chemical formula

A5 ¢y 555 Al 038 Al 5f Syl 3 yemie (S0 ABSIL A sl sl a5 sl sl a3
“ Al aan oo laall ity ¢ il (Sl
Percent composition is the percentage by mass of each element in a compound or
sample. This percentage is constant for a pure compound, regardless of the sample
size.
sdualy ) A8%al)
Mathematical relationship:
S all b peaiall 1S

iall A0S 3 il Apil] =
eniall A Ay 5l 3 ao g <100

o
. . . aaell 45 A0 AlKl) aad) ol Hd dae
AL & aall ) = 20— 22 T EIZE T T
S el 4] pal) ALY

Mass of element in compound "

Mass percentage of an element = 100
Molar mass of the compound
or
Percentage by mass =
Number of atoms of the element x Molar mass of the element « 100

Molar mass of the compound

31 Ggbse S 5all 43 Sl pualinl) pend AUSH 4 giall il £ sama (550 o ony 2Aals daadla

100 (e 13 Gy 8
Important Note: The sum of the mass percentages of all the elements in a
compound must be equal to or very close to 100%.

Example 8: -8 Jla
$C0s 032 SN 2T S (g giall anail) u€ il 2as
Determine the percentage composition of carbon dioxide CO,?
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S Mawhiba
M = (1xC) + (2x0)
M = (1x12.01) + (2x16.00)
M =44.01g/mol
S pall 3 puaiall A1
C% = = —
S pall 4 gall A1)
12.01
0 =
% 44.01 < 100
C% =27.29%
S all 8 ind) 3K
O = T2 o=
S all 4] gl A1)
2X16.00
0 — 2220
0% 224.01 100

0% =72.71%

Exercise (3-10):

:(3-10)

LilaasSl dapall CulS 1) (SO42) iy Sl de ganas (Cr) psSU (o S Pl Y (sl oS e
2 (O) OS2, il dpuill Lad (SN a5 )SI iy 1S) Cra(SO4)3 (2 S el 13

S syl

An anhydrous 1onic compound consists of chromium (Cr) and a sulfate group
(SO4%). If the chemical formula of the compound is Cr2(SOs); (chromium(III)
sulfate), what is the mass percentage of oxygen (O) in the compound?

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

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

................................................................................................
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Exercise (3-11): :(3-11) <uux

Bond 1l Jsenne 538 paic g X Cua (X(OH), dapall 4 e Jseae SbasS oS j Ll
5353 sall (O) CransSY) ) 3 Y sal SN 232l L | 37.20% S el 38 3 ALK (O) eSSy

¢ peainll 138 2 Las €15.0 g LeiliS L3 duall o3a b
We have an unknown chemical compound with the formula X(OH)2, where X is
an unknown metallic element. The mass percentage of oxygen (O) in this
compound is 37.20%. What is the total number of moles of oxygen (O) atoms
present in this 15.0 g sample? What element is this?

'dﬁj\
.
................................................................................................
................................................................................................
................................................................................................
................................................................................................
................................................................................................
................................................................................................
................................................................................................
................................................................................................
................................................................................................
- s
E iri l f l u y‘ M. )

23l i Y 5 S 5l £33l pualinl) 53 A Agane et ansl (i AliasS Bipaa
OS5 By (Aadll  daadlal) A el Gl (e 3 L We 5 e all bl Al ladl)
O30S0 23Sl 5 (H0) oLl e il pall Giansd il Abpeall Lk o &l 53 sl

Al Y1 Aageall Syl duleal 5 s i shid 3.3 JSE (e ((COp)
It is a chemical formula that expresses the simplest whole number ratio of the
atoms of the elements that make up a compound. It does not represent the actual
number of atoms in a molecule. It is often derived from empirical data

(observation or experiment). The empirical formula may be the same as the
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molecular formula of some compounds, such as water (H,0O) and carbon dioxide
(CO»). Figure 3-3 shows a simplified step in the process of finding the initial

formula.
Steps to find the empirical formula 4 oY) dapal) M) <l glad

Steps <l shaill

Loy Jasaill 138, 100 g LeliS dise el (f (i il AUIS 4 gia s o Sldanal) il 1Y)
2ol Al 4 e jeaiall 45 il dpil) sl Cua bl
If the data are mass percentages, assume you have a sample with a mass of | 1
100 g. This conversion simplifies the calculations, as the percentage of an
element becomes equal to its mass in grams.
sshall 4 il dey 5l 5 pdlall Clharall (e o) g Lple Jgeandl ary jualinll J5S ) sa
N pall e ) TSy pad) jemiall By 530 ABSH o135y Y e ) (1
Convert the masses of elements obtained (either from direct data or after | 2
conversion in step 1) to moles. Use the atomic mass of the element to
convert its mass to the number of moles.
3shall i lple clias All) jeaic JS Y se 20 a5k g A e L Jasl aaa
Lot SY pa 220 jaaal e (2
Determine the simplest mole ratio by dividing the number of moles of each | 3
element (which you obtained in step 2) by the smallest number of moles
between them.
oS e s gind culS 1)) Ll 3 ghadll o3 glaid cama Dlac 35 shaall 8 ailinl) cuilS 1)
ganaa 2 jraal 8wl jiea i Gk o8 daaaa dae ) Lebisad aad g yie
Asania 132 LS Lelany
If the results in step 3 are integers, skip this step. If they contain decimals,
convert them to integers by multiplying all values by the smallest integer
that makes them all integers.
abiall i B8 5K 4 51 35 shadll e Al dagaall slae Y1 alasiinly 44 5V Ll 4
il Ailal) Al 3
Writing the empirical formula using the integers from steps 3 or 4 as
subscripts for the elements in the chemical formula in order.
A5V dapeall dlay) <l glad 3235
Figure 3-3: Steps to find the empirical formula

Example 9: :9 Jlia
i) (0) oS 53.3% 5 (H) 0503 6.7%5 (C) 05205 40.0% (30 055§ suae S 3

(0=16.0 <H=1.0 «C =12.0 :4,,
An organic compound consisting of 40.0% carbon (C), 6.7% hydrogen (H), and
53.3% oxygen (O). (Atomic masses: C =12.0, H=1.0, O =16.0).
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Jadl
daganall alacY) A gl dntl) Y sall 22 L))
(4 5. 5halh) (3 5.5hall) (2 5.5hall) (1 55halh) paiall
Integers Mole ratio Number of moles Mass Element
(Step 4) (step 3) (step 2) (step 1)
1 3.33/3.33=1.0 | 40.0/12.0=3.33 400 ¢g C
2 6.7/3.33 =2.01 6.71.0=6.7 6.7¢g H
1 3.33/3.33=1.0 | 53.3/16.0=3.33 533¢g O

CH20 - A ¥ dapall i O =1 H=2 «C =1 o damall sl ol Ly
Since the integers are C =1, H=2, O = 1, the empirical formula is CH,O.

Exercise (3-12): :(3-12)
e R o Syl Jat ) Lagia IS (i (533 a1 5 (3550 (0 LS (S e clia
Ly o sy S pall 2l (96 0.6498 g st Al G 3 (g L&y B (g sall Gl ) Sy
.0.016 g laylaie A1 s ) som JAY) S Hall (50 04172 g iy 0.6018 g Wl

S e JS A Y drpal) 2
There are two binary compounds of mercury and oxygen. Heating each
compound causes the compound to decompose, releasing oxygen gas into the
atmosphere and leaving a residue of pure mercury. Heating 0.6498 g of one
compound leaves a residue of 0.6018 g, and heating 0.4172 g of the other
compound results in a mass loss of 0.016 g. Determine the empirical formula for
each compound.

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

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

................................................................................................
................................................................................................
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Exercise (3-13): :(3-13)

(S) €Sl 5 ((0) SV 5 ((H) Crn s oued) s «(C) 0508 (e 0580 J sgna (5 suae S 1
5 (CO2) 08 sl (0 6.600 g 38 «JalSIL S all 30 5,000 g LeiliS die (3 a o
Cu S S (40 25.66% (e (s sins S el O Juadia dilai ekl (HL0) slall (0 2.700 g

TSl 13 4l ) sl 2a 4l (S)
An unknown organic compound consists of carbon (C), hydrogen (H), oxygen
(O), and sulfur (S).
A 5.000 g sample of the compound was completely combusted, producing 6.600
g of carbon dioxide (CO») and 2.700 g of water (H20). A separate analysis showed
that the compound contains 25.66% sulfur (S) by mass. Find the empirical
formula for this compound.

'dﬂ‘
.
................................................................................................
................................................................................................
................................................................................................
................................................................................................
................................................................................................
................................................................................................
................................................................................................
- -
Mol 1 f 1 ‘\-‘-‘-".)d. | daall
oicculiar iormuia - -
. . £ . 5
M\uu.d all a8 X dS"\ 3 e gl S aeal) (S il 5, Al dsauall
- N9 eSS R uﬁ D D ¢ T - — - (5“
B o

It is the formula that shows the true composition of the compound, i.e. the number
of atoms of each element in the molecule, not the simple ratio between them.
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The difference between molecular formula and empirical formula

4y ) Al A5V Al 4 lad))
Molecular formula Empirical formula Comparison

O Angnia nae A el (s
Show the simplest integer | Definition
ratio between atoms.

sl (Al A aal) daall s
Shows the actual number of
atoms in a molecule.

Jl
CsH1206 CH20

Example

Lagin 483all
(Al Y dapall x ) = Ay jall dauall The

Molecular formula = (n x empirical formula) relationship
between them
How to find the molecular formula: rdah ) drpal) alay) Adus

S all Y dpall sl (a
a) Calculate the empirical formula of the compound.
AW dapall A gall ALY Caal (b
b) Calculate the molar mass of the empirical formula.
AUl ddll sl (c
c) Calculate the following ratio:
S pall il A pal) A1)
A ) Haall A gal) ALK
Al Al e deaniln A3 W) Al Jse) al (d
d) Multiply the empirical formula symbols by n to get the molecular
formula.
Example 10: :10 Jua
9 ) disna e 56.12 g/mol s sl 4 sall 431S 5 CH) 4l oY) 4ina oS 4
A compound has the empirical formula CH: and a molar mass of 56.12 g/mol.
What is its molecular formula?

n

:CHp 43l 5Y) Bl 4] ) 2K (2
a) Molar mass of the empirical formula CHo:
(1x12.01) + (2x1.01) = 14.03 g/mol
n LSSl Glas g 2e (b

b) Number of repetition units n:
_ 5612 _

14.03
Al dnall (c
¢) Molecular formula:
(CHz)X4 = C4Hg
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Exercise (3-14): :(3-14) x5

94 V1 gl i Lgd 30000 LS ) e
Which of the following compounds have the same empirical formulas?

b.

C. d.

Exercise (3-15): :(3-15)
& Jsilly il 2 aadiuns copaongls 0 SU e bl (g iy S je (e Sl

Ayl s AW Giaall aas 125 g/mol 5 115 G O siSU A ) A1 &~ o) 55 oLl (1
Cumene is a compound containing only carbon and hydrogen that is used in the
production of acetone and phenol in the chemical industry. Combustion of 47.6
mg cumene produces some CO: and 42.8 mg water. The molar mass of cumene
is between 115 and 125 g/mol. Determine the empirical and molecular formulas.

:dad)
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Aarpbll jaladl e nall 8as 53«05 Hy C 0o S 0 (176.12g/mol 4 sall 4355S) C Gaali
e duani (3 in) Jlea (4 1.000 g WS C onelid (e die Goa vie Cluieall Lala
Aol eutld)
85.35 g :3) i) aay duaiaall 5o S 2l 5 AL
83.85 g 13l _AaY) Jid daiaall () ga Sl 2T S ALS
37.96 g : 3 saY) am daliaall ¢lall AL
3755 g 13 Y i dusiaal oLl S
€C el 45y a) Al Le
Vitamin C (molar mass 176.12 g/mol) is a compound of C, H, and O, found in
many natural sources, especially citrus fruits. When a 1.000 g sample of vitamin
C is burned in a combustion device, we obtain the following data:
Mass of carbon dioxide absorbed after combustion: 85.35 g
Mass of carbon dioxide absorbed before combustion: 83.85 g
Mass of water absorbed after combustion: 37.96 g
Mass of water absorbed before combustion: 37.55 g
What is the molecular formula for vitamin C?

................................................................................................
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Formulas of Hydrates dilal) 23 e

AiSd Jala 8 i elall iy Jan (e d3ma s (pae 22 e (s siag lia gl S 5 s Sl Ll

Mol ey eda sl iy e pand Ay ) 5L
A hydrated salt is a solid 1onic compound that contains a specific, definite number
of water molecules trapped within its crystal lattice. These water molecules are
called "water of crystallization."

(o) By oyl e Bale) At shall le Sl e aaes A1) dmn S5 bl i g8 LD Ll
An anhydrous salt is the same salt but with all of the water of crystallization
molecules removed from it (usually by heating).

Gl @y ey ¢ AL ) (e ddlida (atbiad Sl el clae) (J) Hslall sla 25 g (g2

(34 JSEN 8 Giae sa LS AL Gama¥) (I AL G501 (e el iy 58 J a3 Jie)

The presence of water of crystallization gives the hydrated salt different
properties from the anhydrous salt, including color (e.g., copper sulfate changes
from aqueous blue to anhydrous white as shown in Figure 3-4).

heat

éﬁw

CuSO0O,4-5H-0 CuSO,

S ¥ ) Slall 35531 (e pulail) 2l S Jga 13-4 S
Figure 3-4: Copper sulfate changes from aqueous blue to anhydrous white

() At Lagiy Jamady 5 o lall il 3 pa AL el A oy Al el A (iiSS
The formula for a hydrated salt is written by combining the formula for the
anhydrous salt with water molecules, separated by a dot ().
General formula: sdalad) dapal)

anhydrous salt. xH,O

NN

where:
(W) V) S pall A Al o Ll Ll
Hydrated salt: The chemical formula of an ionic compound (salt).
gl (e 25 Jse IS A pall elall iy Ja Y 50 220 Sy (A 34) g 220 58 ix
x: 1s an integer (molar) that represents the number of moles of water molecules
associated with each mole of salt.
Example 11: <11 JGa
slall uled AW ulsill a8 CuSO4-5H20
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Naming of hydrates Ailal) 23V dpand

(O35S ansl a3 ) 5N ) Balinal) 48y hally (AL ) bl dpans ]
1. Naming an ionic (anhydrous) salt is the usual way (name the cation then
name the anion).
Al gal) bl aladinly 4y ddasi jall eladl Al e 23e e Juy adaie ddlia) 2
2. Add a syllable to indicate the number of water molecules associated with
it using Greek prefixes.
n - \Jmn j‘ ";.Lq" A_AS_‘ (”‘"y‘ ;1.@_1\
3. Ending the name with the word "water" or "hydrate".

I I

sladiinlalagoge¥ioYls!  (NH,),C,0,4.H,0 1 Gl
eladl LS pgualIST 5918 CaCl, . 2H,0 2 LS
sladl 23 agasguat Oliw! NaC,H30,. 3H,0 3 v
el de by (1) wasticlawgd FePO,. 4H,0 4 =l
sladt ewles (I1) pulmdt ol o8 CuSO,. 5H,0 5 cwles
elatt atoas (IT) e sSI oy 518 CoCl,.6H,0 6 s
clodl el p gt letiolio s MgSOy4. 7H,0 7 el
sledt ke aguoldl S50 Ba (OH),. 8H,0 8 las
Lol dlie agsgualiciligs,s  Na,CO,4.10H,0 10 §olde

Al 3 e abid :3-5 J<al
Figure 3-5: Examples of hydrated salts
sitall edal) dipa st i
How to determine the formula of hydrated salt:
kel ) (e Abal) Al A1S e 8 (1
1) The mass of the original sample of hydrated salt is measured.
(N el e Jgamall 5 (o) kil ele A5y Ll celel) s - il (2
2) Heating: Heating the hydrated salt to remove the water of crystallization
(evaporate it) and obtain the anhydrous salt.
RS oLl 03] aay LS pelal) ALS ke il (3
3) The mass of anhydrous salt is measured after all the water has been removed.
sl Ll ola GBS apanl el pelel) RS (e e pelall B oLl ZBS s (4
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4) Calculating the mass of water: Subtract the mass of the anhydrous salt from
the mass of the hydrated salt to determine the mass of the lost water of
crystallization.
(%) 43l gl Al 83 (5
Y sa A il AL lal) A1 g 33 gédall clall ABS Jysa5 @
‘S.ILAM\ CJA\ OY e GJS‘— slall Y ga ?"‘“ﬁ °

elall Y gad2c
X U Al e e
5) Determine the molar ratio (x):
e Convert the mass of water lost and the mass of anhydrous salt

remaining into moles.

e Moles of water are divided by moles of anhydrous salt:
number of moles of water

" Number of moles of anhydrous salt

Example 12: 212 Jua
ity S 8250 g il CuS04.xH2O s 30 Al Lulail) iy 318 (e Ao Canaiag
Lo S Plall mlall drpa e .CuS Oy slbanll 4aladl) (uladll Gy 1S (10 1.59 g Oadadil) 200 A g

A 2.50 g sample of blue hydrated copper sulfate (CuSO4.xH>O) was placed in a
beaker and heated. 1.59 g of white anhydrous copper sulfate (CuSO4) remained
after heating. What is the formula of the hydrated salt? What is its name?

:Jal)
2 ikl o lall ALS = el pulall ABS — LS pelall A1
m=250g-159g=091¢g

N(Cus04) —

RrZ|B8

59

159.6
n(cuso4) = 0.00996mol

m
nm0) =

M
0.91

18.02
nm20) = 0.05mol

number of moles of water

N(CuS04) =

NH20) =

X =
Number of moles of anhydrous salt

0.05

X=—"—=x5
0.00996
oLl Apulad (1) il iy 1€ CuSO4.5HL0
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Exercise (3-17): :(3-17)

Ol 335 e Ae Jiai 5 S (MgSO04.xH,0) Asill) a spusie Ll iy 58 (S je p2800s)
st L e 100 2, il Sl alS 1Y) 51.22% o0 4 (HHO) el €Y Ay sl At
Bl 3 (Ll sle il a ) (x) Jabaad) Ao L € 9.93% & Soal 13 & (Mg)

$S yall e
Magnesium sulfate hydrate (MgSO4.xH20) is used as a laxative. A sample of this
hydrate was analyzed and found to be 51.22% water (H20) by mass. If the mass
percentage of magnesium (Mg) in this hydrate is 9.93%, what is the value of the
factor (x) (the number of water of crystallization molecules) in the chemical
formula?

................................................................................................
................................................................................................
................................................................................................
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................................................................................................
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Exercise (3-18): :(3-18)

e siny (Al apigall Clig S) NapCO3.xHo0 dapall Al Cigjan pe Sl mhe
S L) S (e 2.80% Ao AN oy seall Slig S B 5 (N) sl
3 gall ABS il ¢ H il ela maan g S Slall mlall 138 (30 5,00 g Gpdd 2ie (NapCO3)

f xdadaagl 3.00 g A Al
An unknown hydrated salt with the formula Na>CO3.xH>O (hydrated sodium
carbonate) contains nitrogen (N) as an impurity in the anhydrous sodium
carbonate at a rate of 2.80% by mass of the anhydrous salt (Na,CO3). When 5.00
g of this hydrated salt was heated until all the water of crystallization had
disappeared, the mass of the remaining material was 3.00 g. Find the value of x?

................................................................................................
................................................................................................
................................................................................................
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
................................................................................................
................................................................................................
................................................................................................
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Exercise answers

Exercise (3-1):
Exercise (3-2):

Ni =0.75mol x 6.022x10% molecules/mol
N1 =4.5165%x10% molecules

N
N, = —
T2
4.5165%x1023
N, =
2
N, =2.25825%10% molecules
L=
Na
2.25825x102%3
n; = =(0.375mol
6.022%x1023
3.011x10%3
=0.50mol

AN = 022%1023
n3 =n; + An
n3 = 0.375 + 0.50 = 0.875mol
Al Y sl =1y + o+ 03
LN @Y gl =0.75 4+ 0.375 + 0.875 = 2.0mol

Exercise (3-3):
Exercise (3-4):
Exercise (3-5):
M = (2xMai) + (3xMs) + (3x4xMo)

M = (2x27.0) + (3x32.1) + (3x4%16.0) = 342.3g/mol
1 mol AIZ (804)3

3 mol SO4

N . = n(SO4) X

1
N = 0.87 mol x 3— = 0.29mol

M. 5al) = Nesaly X M
me . = 0.29mol x 342.3g/mol =99.267¢g
My = 3 X mea) = 3 X 99.267 =297.80g

ibgll alualyllg aglell slialgl

9oL
NSMO
Sl il Slla)

:(3-1) s

16.0 mol O> (c
:(3-2) quus
:Jall

:(3-3) cuud
26.0 g Fe (b
:(3-4) s
151g (c
:(3-5)
:Jall
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Exercise (3-6): :(3-6) cuux
4mol (c
Exercise (3-7): :(3-7) uux
:Jad)
C'_a\_ay\ 2ae C1™
nci- = NA
6.022x10%3ion
ncl- = = 1.00 mol

6.022%x102%3ion/mol
Mnact =23.0 + 35.5 = 58.5 g/mol
Mcac =40.1 +(2%x35.5) =111.1 g/mol
MTotal = N1MnNact + 12Mcaci2
Mrotal = 58.5n1 + 111.1n2
55.7=58.5n; + 111.1n
n; + 2n; = 1.00 mol
n = 1.00 — 2112
55.7=58.5(1.00 - 2ny) + 111.1n;
55.7=58.5-117.0n2 + 111.1n2
557-585= -5

—2.8= -5,
2.8
n, = ——=0.475 mol
5.9
n; = 1.00 —2(0.475)
n; = 0.0508 mol
Nnact =101 X Na
Nnact = 0.0508 x 6.022x10%* = 3.06x10%? Formula unit
Exercise (3-8): :(3-8) <uu
267.52 g/mol (b
Exercise (3-9): :(3-9) <uu
OnS15,33.61x102 (b
Exercise (3-10): :(3-10) s

(A sall A1) M = (2xCr) + (3%S) + (12x0)

(A sl ALSI) M = (2x52.0) + (3x32.1) + (12x16.0)
(Adsall AT M = 104 + 96.3 + 192

(A sl ALY M = 392.3 g/mol

(A sl ALY (O) M =12 x 16.0 = 192.0 g/mol

S pall b puaial) A1

SR

0% =

75
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192.0

0% = x 100
392.3
0% = 48.94%

Exercise (3-11): :(3-11) <uux
:Jadl
S pall (e aal g e (4 O ALS
0% = . ~
S yall 4] gal) A1)
mo =2 %x16.00=32.00 g

2.
3720% = —299 . 100

Mx(0H),
32.00 % 100
0.3720
Mxoomy) = 86.02 g/mol

m..
R e 8165_'002 — 0.1744 mol
Syl
2mol O
1mol «S 4l
no = 0.1744 mol x 2 = 0.349 mol
Mx = Mxon)2 — Mo2 — Mn2
Mx =86.02 —32.00 — (2x1.00) = 52.02 g/mol
Cras Sl juaial 4y )3l ALSY (e 4y 8 AL 02
This mass is close to the atomic mass of the element chromium Cer.

x 100

Mxoonyp) =

Nno = N X

Exercise (3-12): :(3-12)
Compound I: Mass O =0.6498 g HgxOy — 0.6018 g Hg = 0.0480 g O
1 mol
0.6018 g Hg x ——=— = 3.000x10"* mol Hg
200.6 g
0.0480 g O x 21O 3 0610 mol O

The mole ratio between Hg and O is 1 : 1, so the empirical formula of compound
[ is HgO.
Compound II: Mass Hg =0.4172 g HgxOy — 0.016 g O=0.4012 g Hg
1 mol 1 mol
0 2.00%10°3 mol Hg; 0.016g Ox ——
200.6 g 16 g

The mole ratio between Hg and O 1s 2 : 1, so the empirical formula is Hg>O

=1.0x103mol O

0.4012g Hg x
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Exercise (3-13): :(3-13)
:Jal)
B 12.01gC
mc = 6.600 g CO, x 22018C05 1.800 g
B 2x1.01gH
my =2.700 g % 1802gH,0 0.303 g
s = AlS)) Ziall LS 2SI siall Al
100%
ms = 5.000 x 0.2566 =1.283 g
mozm\M\—(mC'i'mH'i'mS)
mo =5.000g—(1.800 g+ 0.303 g+ 1.283 g)=1.614 g
daaaal) dlac Yy A gal) Al Y gall 2e A<
(4 5 shal)) (3 5shaall) (2 5shall) (1 3shall) paiall
Integers Mole ratio Number of moles mass Element
(step 4) (step 3) (step 2) (step 1)
- 0.1499/0.0400 = 1.800/12.0 =
3.747x4 =15 3747 0.1499 1.800 g C
7.500%4 =30 0'3033/2(')%400 ~10.303/1.0 =0.3030 | 0.303 g H
- 0.0400/0.0400 = 1.283/32.07 =
1x4=4 I 0.0400 1.283 g S
2.522%4 =10 0'1003/22%400 = 1.614/16=0.1009 | 1.614 g 0

s drall Sl 13g) 305V Axall
The empirical formula of this complex compound is:

Ci5H30S4010
Exercise (3-14): :(3-14)
b.
Exercise (3-15): :(3-15)
Mass % H= —2 B8R 100-10.1%H

47.6 mg cumene
mass % C =100.0 — 10.1 =89.9% C
Suppose we have 100 grams of the compound: =S _sall e al s 100 Ll ()} (2 i
1 mol C

899g(Cx ————= =7.49mol C
12.01gC
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10.1 gH X—g: 10.0 mol H

C3Hy o Y aall 304 o C Y H Al sall daill
the mole H to C ratio is 4 : 3. The empirical formula is C3Ha.
(3 5Y) &pal)Empirical formula mass ~ 3(12) + 4(1) = 40 g/mol.
5115 O 0sSiu Aapall o3¢ 43 sal) A1 ¥ CoHyp s (C3Ha)s A ) dxpall (585 o) oy
(120 g/mol = 40 g/mol x 3 = 43 5l ALiSll) 125 g/mol
The molecular formula must be (C3Ha4)3 or CoHi2 because the molar mass of this
formula will be between 115 and 125 g/mol (molar mass = 3 % 40 g/mol = 120
g/mol).

Exercise (3-16): :(3-16)
:Jadl

mco2 = m(COy)(after) — m(CO,)(before)

mco2 =85.35 g— 83.85g=1.50 g CO»

mc = 1.50 g CO, % % =0409 g C

mu2o = m(H20)(after) — m(H>O)(before)

muo0 = 37.96 g— 37.55 g=0.41 g H,O

mi =041 g H,0 x 12;012'0;52}10 ~0.046 g H

Mo = &< &SI — (mg + my)

mo = 1.000 g — (0.409 g+ 0.046 g) = 0.545 g O

PRI i gall Al ALY
i i ' 3 shadll) Y gall
(45 5kl (35 skaall) (28 shaall) Y sl 230 (Tsskall) | uaial
: Number of moles
Integers Mole ratio (step2) Mass Element
(Step4) (step3) P (step1)
1.0x3 =3 0'0341/06034: 0.409/12.0=0.034 | 0.409 g C
1.35x3 =4 0'04?/(3)'5034: 0.046/1.0 = 0.046 0.046 g H
1.0x3 =3 0'0341/06034: 0.545/16 =0.034 0.545 ¢ O

o dimall Syl 13g) 3 Y1 Al
The empirical formula of this complex compound is:
C3H403
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S el ddial) dl p K 176,12

N YA lild < 88.06 -
Molecular formula: Ay sl el
(C3H403)*x2 = CsHsOs
Exercise (3-17): :(3-17) o

%(MgSO4) = 100 - (H0)%
%(MgSO4) = 100 - 51.22%
%(MgSOy) = 48.78%

%Mg = x 100
Total
24.3
9.93 = x 100
Total

Mrotal = 244.7 g/mol
Mwmgsos = 24.3 +32.1 + (4%x16.0) =24.3 +32.1 + 64.0 =120.4 g/mol
MH20 = Mrotal - MMgso4
mmo = 244.7 - 120.4
mmu20 = 124.3 g/mol
Myoo 124.3

X

 Mpzo 18
X =6.905~7
MgS04.7H,0
Exercise (3-18): :(3-18) s

:Jall
5 siball oLl 1S = 3L Ll S — L) L) AL
35 (LI AES = 5,00 g —3.00 g = 2.00 g

0
s 530 A = 3,00 x —— = 0,084
~ 100 ¢

Mmna2cos =3.00g—-0.084 g=2916¢g
Mnazcoz = (2%23.0) +12.0 + (3%16.0) = 106.0 g/mol
Mmu2o = (2x1.0) +16.0 = 18.0 g/mol

29168 0.0275 mol

NNa2c03 = 1060 g/mol = V. mo
2008 0.1111 mol
07180 g/mol e

ny,0 B 0.1111 B
NNa,CO3 0.0275
el ey e}gd}aa]\ <l e S NapCO3.4H,0

ibgll alualyllg aglell slialgl
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1. | 2. 3. 4. 5. | 6. [ 7. ] 8 [ 9 [ 10 [ 11 12. | 13, 14. | 15 16. 17. | 18.
LA VIII. A
2.1
o PERIODIC TABLE )
H He
1.0 1II. A Imn.A IV.A V.A VLA VILA 4.0
1.0 1.5 EN* 2.0 2.5 3.0 35 4.0
7 3 4 atomic number 5 6 7 8 9 10
Li Be Chem. symbol B C N (0) F Ne
6.9 9.0 relative atomic mass 10.8 12.0 14.0 16.0 19.0 20.2
0.9 1.2 1.5 1.8 2.1 2.5 3.0
11 12 13 14 15 16 17 18
1 Na | M VIIL. B Al | Si | P | S | Cl | Ar
23.0 243 InmBsB IV.B V.B VLB VILB ~ A ~ [.B II.B 27.0 28.1 31.0 32.0 355 40.0
0.8 1.0 1.3 1.5 1.6 1.6 1.5 1.8 1.8 1.8 1.9 1.6 1.6 1.8 2.0 2.4 2.8
4 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti \Y Cr [Mn | Fe | Co | Ni | Cu | Zn | Ga | Ge | As Se Br | Kr
39.1 40.1 45.0 47.9 50.9 52.0 54.9 55.8 58.9 58.7 63.5 65.4 69.7 72.6 74.9 79.0 79.9 83.8
0.8 1.0 1.3 1.4 1.6 1.8 1.9 2.2 2.2 2.2 1.9 1.7 1.7 1.8 1.9 2.1 2.5
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
>| Rb Sr Y Zr |Nb [ Mo | Tc | Ru | Rh | Pd | Ag | Cd | In Sn Sb | Te I Xe
85.5 87.6 88.9 91.2 92.9 95.9 [98] 101.1 102.9 106.4 107.9 112.4 114.8 118.7 121.8 127.6 126.9 131.3
0.7 0.9 1.1 1.3 1.5 1.7 1.9 2.2 2.2 2.2 2.4 1.9 1.8 1.8 1.9 2.0 2.2
55 56 57 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
6. Cs | Ba | La | Hf | Ta | W Re | Os Ir Pt | Au | Hg | TI Pb Bi Po At | Rn
132.9 137.3 138.9 178.5 180.9 183.8 186.2 190.2 192.2 195.1 197.0 200.6 204.4 207.2 209.0 [209] [210] [222]
0.7 0.9 1.1
7 87 88 89 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118
‘| Fr | Ra | Ac | Rf | Db | Sg¢ | Bh | Hs | Mt | Ds | Rg | Cn | Nh | FI [ Mc | Lv | Ts | Og
[223] [226] [227] [261] [262] [266] [264] [269] [268] [271] [272] [285] [284] [289] [289] [293] [294] [294]
1.1 1.1 1.1 1.1 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.1 1.2
58 59 60 61 62 63 64 65 66 67 68 69 70 71
Ce | Pr | Nd |[Pm |Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu
140.1 140.9 144.2 [145] 150.4 152.0 157.3 158.9 162.5 164.9 167.3 168.9 173.0 175.0
1.3 1.5 1.4 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3
90 91 92 93 94 95 96 97 98 99 100 101 102 103
Th | Pa U | Np| Pu | Am |Cm | Bk | Cf | Es | Fm | Md | No | Lr
232.0 231.0 238.0 [237] [244] [243] [247] [247] [251] [252] [257] [258] [259] [262]
* EN: electronegativity
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