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According to their development, type of flower, and

the number of ovaries, fruits are classified into 3

types:

1. Simple Fruit, which develops From a solitary Flower

with a single carpel or several fused carpels.

2. Aggregate Ffruit, which develops from a solitary

Flower with more than one separate carpel, each

Forming a fFruit.

3. Multiple Ffruit, which develops from an

inflorescence with many dense florets, and the

ovary walls are Fused together into one Fruit.

Hedl Wl .gaball dacg 803l £9ig oSl diby o) LaSg
:glg3l 335 J]

82 gl 82519 dly,S W13 83,810 6,0 (0 ST dbogun 8,05 .|
dosilo J1)S

00 )iST Je 591 83,810 8,05 (3o K dedaio yad I

db)S JS oo 605 ST Ly wdladio dlyyS
)23 ¢po degomo (po (355 (loj¥l 632 io0) diyo 6yad.
6a>lg 6y05 3H lgaalio plyaz Eailig (dadsll &y)laiall

1.If the Flower shown in the diagram is Fertilized, which type of Fruit will be developed?

(1: stamen, 2: carpel, 3: pistil, 4: receptacle)

Su8Sinm yladll o gob S8 ISl § b gall 8y03) auli &5 13]

A simple fruit

An aggregate fruit

A multiple Fruit

A Fruit with many seeds

(63031 5318 1€ . mall 1 dl S 81wl 1)
dopwn 805 A

dedio 6y0i B

Oloj¥l 83asi0) diSyo bpad  C

)93l po 2=l Je sgimi 6yai D

2. Identify the Corn borer stages of development below by inserting the following

letters:
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Larva gy A
Pupa chic B
Adult Female dalb &l C
Egg doy D
Adult male &l yss E

3.Sexual reproduction in plants and animals involves the union of two gametes to form
a single cell called a zygote. Gametes include the egg and sperm cells. The zygote is
formed after the sperm Ffertilizes the egg, resulting in a diploid (2n) chromosome
number. The zygote develops into ..(Hint: The Following figure indicates a fertilized
egg)

obwie 30w beasie Wllgadlg WL ,3 il Il Gasy
ddzdl pline¥l Jouid (gzujll) da8WI Lawd daolg dils g
olesml digdll (b ol asy d>8M1 355 dygiol] dylzlg duayl|
1 =81 )35 (o) Ologuwgeg Sl o JLS 33 lgie piig «(soiell

Embryo g A
Endosperm Exwg il B
Carpel db,s C
Ovule doyg D

4. The various taxonomic levels (viz, genera, classes, etc) of the hierarchical
classification system differ Ffrom each other on the basis of

e wosdl Gasuaill el § ()] w@llghll bzl i) dalisel| dsiail] bgimell cliss

:oolwl Je pasyl lgpasy

how widely the organisms assigned to U< d | dendl S L] A
. i ool - sl o
each are distributed throughout the © "’ ) ) &jl )
il 8

environment.
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the body sizes of the organisms JS) dwiiall dal oW plusl plasl B
assigned to each. SGumo
ol clgiz] § lgeluil s20) lgigouis
the relative genome sizes of the U dwoiiodl GUSEN duwid! Ologiuzdl loLg>i D
organisms assigned to each. SGuo
5. Which two structures play direct o LSl galas @ Bislo 159> olsl omsy @l
roles in permitting bacteria to adhere €633l bl ol yasyl ooy §laildl

their inclusiveness

to each other, or to other surfaces? Odguusdl

1. Capsules ddslal glgs¥l

2. Endospores (Fimbriae) )l WY

3. Fimbriae OlawojMdl €

4. Plasmids blgwdl .0

5. Flagella
1and 2 Fgl A
1and3 gl B
2and 3 PgolP C
3and 4 Eqgl D

6. An individual mixotroph loses its plastids, yet continues to survive. Which of the

Following most likely accounts For its continued survival?

Se el ddl ol oo @T cladl gw el gog il 289 dyieill blise o> s
Celadl § o)lyaiml 23l

It relies on photosystems that Float g dyou galhd diigs dobail e daisy A

Gbgll Olusl g polsll slalg]

Freely in its cytosol.
It must have gained

mitochondria when it lost its plastids.

Jowgizmll

extra &lagd sic d¥lbs] LyNgSgue Je Juo> B

Ol

It engulfs organic material by 97 do=lll @G,b e dgasll slgall gy C

phagocytosis or by absorption.

It has an endospore.

7. Which Feature of cycads makes them
similar to many angiosperms?

1. They have exposed ovules.
2. They have flagellated sperm.
3. They are pollinated by animals.

wolaiodl
S gqpanl D

oo sl dgiline lglemi OISl § dow sl

<93l Blbso
dibogu digio Olilgs> lg) P
©blgll dbuslgy pals I

1only bssl A
2 only bss2 B
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8. A biologist is trying to classify a newly discovered fungus on the basis of the
Following characteristics: Filamentous appearance, reproduction by asexual spores, no
apparent sexual phase, and parasitism of woody plants. If asked for advice, to which
group would you assign this new species?

dbunlgy HISS Jous ygho :dJlll yoibasdl Je 2ly Bas WiiSo Hhd uali s:l,pT elle Jolou
Cuniiw degazo ! I dudsll Gbldl e g";_»_.cilog doublg dpwiz dl>yo 3929 pac duwiz 3 glgyl

Cnazdl goill 3o
Deuteromycota dlolfJl pefdaSWl wlball A
Zygomycota duly8dl/dsuill wbyball B
Ascomycota dSwdl/ddll obyball  C
Basidiomycota dajWl/dwledl Gbyball D

9.A student encounters an animal embryo at the eight-cell stage. The four smaller cells
that comprise one hemisphere of the embryo seem to be rotated 45° and lie in the
grooves between larger, underlying cells (spiral cleavage). This embryo may
potentially develop into a(n)

ol (10 6,5 Cuos O&@Im%l&nﬂl LM @30 LMS Gled] db_}o@h_:lgoh.«og,dlb 2ol
szl 130 )3k 38 (Jg3l> pluisl 9og) lglawl 1ST LIS gu 3331 § gl °€0 dyglj, dabsio

]
Turtle lasdw A
Earthworm &Hbﬂ 639> B
Sea star e C
Fish dSow D

10. What distinguishes complete metamorphosis from incomplete metamorphosis in
insects?

CObuiall § Jolsl jue Jooil e Jolll Jo=ill jioy s Lo
Presence of wings in the adult, but notin  § Gudg dolll 6yl § d=is¥l 3929 A

earlier life stages 6,5all U=yl
Presence of sex organs in the adult, but  daJll §pisdl § dlwlisdl clacll 399 B
not in earlier life stages 8,Saall Jolpall § pudlg
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Radically different appearance between dsalll épasdl g JSadl § syds Ol C

adults and earlier life stages 8,Snall Jolyallg
OnlyAand B had gl D
JiSdl dlo) auilio
1 , 3 4 5 6 7 8 9 10
B A C B C C A B C
1 2 3 4 5
D A B E C
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(b) The realistic model at the top, without a red underside, produces
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1- In Northern American swamps, predatory adult mosquito Toxorhynchites rutilus
(T. rutilus) preys on the larvae of Aedes triseriatus (A. triseriatus) that are Foraging
For food. Larvae Forage for Food by thrashing the water around it, but this makes
them more vulnerable to detection by T. rutilus. Data has shown that thrashing
behaviour is strongly correlated with larval health and fitness. The parasite
Ascogregarina barrette (A. barretti) infects A. triseriatus in the larval stage and
completes its life cycle in the pupal stage. This results in weakening of the larval
muscles causing the larvae to thrash less For food - thus making them unhealthy.
Larval deaths were recorded and categorized into two causes -
(i) predation by T. rutilus
(ii) illness and other inFections.
Which graph is most likely to represent the scenario described above?
Toxorhynchites rutilus (T. rutilus) guyiaell W1 ogeul Guyias dilowidl lg,!_yoi Olediuo §
o< plabll e OB Cow plebll ge Goui G| Aedes triseriatus (A triseriatus) wBy
Holw o WLl @yghl T. rutilus. lgadsSy ds e ST lglasy 3o o) g dbumall olwall Lyb @i,k
Ascogregarina barrette (A. UL,_Q_b“ Al lgi8llg Wyl douay Baig B LS| sy wypall
132 $3819 .chill doye § dili= 8)9> JaSig Wbyl dl>ye § A triseriatus oy barretti)
Jazwsd @3 diuo it lglazy Lo plabll oo sy J3T 018, Joz lae 8l odlae Slaub]
- oww J lgaguaiy OBl Gldg
T. rutilus dbuwlgy (wl,831(i)
. 52381 wllgddlg yo yall(ii)
Sodel Wguogall g)ligud] Jiay ol azpell o s3I Gl @yl Lo

Boal

Predation Tllness and Predation Tllness and
other infection other infection

‘W]

Predation Tllness and Predation Tllness and
other infection other infection

B Notinfected by A. barretti
D Infected by 4. barretti

% deaths
% deaths

% deaths
% deaths
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2- Codling moth Cydia pomonella is a serious pest in agriculture. From time to time,
Favorable environmental conditions can cause population outbreaks. In an
experiment, the minimum and maximum values for the survival to different heat and
humidity conditions of codling moth pupa were studied (Tables 1, 2).
Analyze the risk of mass bursts of large numbers of codling moths on the basis of
these data in the coordinate space of the two-dimensional ecological niches formed
in the zones marked with the letters X and Y (Figure 1). Table 1. 100% mortality of
codling moth pupae is observed in the case of the following combinations of
temperature and humidity.
il Byl 6385 ol ey« 338 Cg o delyjll § b &1 Lo Cydia pomonella plail dic
dieg £lasl souoilly Wil pudll duwlys ol Lylall g35] § delosdl o poyall Gids J] dylgall
(M \Jgazdl) pladl dis) daliswall dighyllg 6)1)=dl Bg,ka) dogliall
dydudl 38liall Olilasyl dolue § UL 0do ool Je di=ll wlpie dae 15 )bl Julow p8
(1JSadl) Yo X a8yl 83 35wll gbliall § cSiis @I Sleydl dsls

Table 1.100% mortality of codling moth pupae is observed in the case of the following

combinations of temperature and humidity.
dighyllg 6;4=dl d=y> o ddldl Oladgidl dis @ lgibaoMo @i pladl dic Oldg Jaso /1 1Jgaall
Temperature, C
Sy)ly=dl d=y>

+37 +36 +28 +15 +4 +10

Humidity, %
digb)ll

100 55 15 40 80 100

Table 2 The lowest mortality of codling moth pupae (less than 10%) is observed in these

combinations of temperature and humidity
&)lh=dl dys (o Wlegozwall 0do @ lgiaoMo @i (71 ¢po J31) plail] dis) ©ldg Jaso d’.\i P Jgadl

dyghyllg
Temperature, C
+30 +22 +26 +27 +22 +20 .
oy)ly=dl d=y>
Humidity, %
80 70 55 55 95 85

drghll
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Using this information, which of the Following options is correct?

:dousuo ddUl ol Oog'si,olj@b Wloglaall plasiwly
Viability of codling moth pupaeislowin 3 dbasio plaidl dic @ilyd cldy 4LB o)

zone X

Zone Y corresponds to the range of 18
B - 25 °C air temperature, and 70 - 90%

humidity

&yly> doy 18 — 25°¢ §los Jioy Y dibioll
digh) 70-90% g clggl!

The mortality rate of codling moth § ad&ie pladl dic &l Obdg Jaso

pupaeis highinareayY Y dibioll

20 - 30 °C is optimal for survival of ;
k> Gl elad (Lo 6yly=> d>)> 20 — 30°¢

D moth pupae if the air humidity is lower ) ) )
40% oo JSl clggll dagh) Cils 3]

than 40%

3- Three-toed sloths Bradypus sp., found in South and Central America, are sluggish
animals that spend their entire lives in the Foliage of trees (Figure 1), descending to
the ground only once a week to defecate Cryptoses choloepi moths live in the Fur of
sloths (a) and this defends them From the attacks of insectivorous birds. In addition,
they move with sloths and lay their eggs on the feces of sloths. The larvae that hatch
From the eggs Feed on the Feces. Adult moths (b) climb up on sloths again. In addition
to moths, algae of the genus Trichophyllus(c) grow in the fur of sloths , which when

in large quantities, serve as food For sloths. The algae turn the sloth Fur color to
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greenish, making the sloth inconspicuous to enemies, when in the Ffoliage.

Ascomycota Fungi also grow in the Fur of sloths, decomposing dead moth bodies, and

producing nutrition for the algae.

Gadi dighy wlilg> o« Ghwgllg dugizall K,U.oi § 839>9all . Bradypus sp.glod| G oMl
loclis] gy01 goundl § biad 61519 8y0 4o)3l Je Jjisg(Figure . 1) ymuidl ghol & lglesh lgili>
L3l Ol dSYI jguall Ol (o pgran 13og .Ml 89,8 ou Giusi disl] &y il oo
e vaudl go puiad QI OB G385 .o Muwsll jln Je lgow piaiy oSl go &y lgild « ells ]

sloth moths (Cryptoses spp.)

So31 8y0 oMl Gy @IWI sl Gl
iz go Wbl g8+ Ll J] Lol
Sy - oMwsll 98 § geiiTrichophyllus(c)
clieS Joasi . 6 Ol oe<i losic
dl oMl 99 ool Aol oo .o Musl
2B e oNusl Jooy oo a3l ool
905 yzidl ghel § 0o loic . elxel
coMusIl gy8 & Layl Ascomycota ol ,hé
2y« diyell disd] plusl Wi ] 6382 Lao
ool d il

Using this infFormation, Which of the Following options is correct?

Sésusuo dylill Ol sl wloglaoll 0do plasiwl

The interaction between the sloth and

A moths is mutualism.

moths and Fungi, living in sloth Fur,
B have a commensal relationship with

the sloth

Algae, living on sloth fur, and sloths
¢ are amensal.

Algae and fFungi, living in the Fur of
D sloths, have a Competitive

relationship with each other.

dwaulss o2 disllg oMus] o dSMsJ
@(y.u&_! 5 o MuwSI| Clﬁ@ub,b.d lg di=ll

059 e pius @1, ol oMas!
83gu080 pé dyilac dile o+ oMl

959 & uius Gl ©lhally Lol
Gudlis d8le , oMl
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4- An ecologist found a small water body on an isolated island and observed the

various organisms present in it. He classified the organisms based on different

trophic levels as shown in the table:

Wio g1 8392 g0ll daliswall diml OSSN > 3g dginoe 6y52> G Do Bl louwe diy @lle 329
:Jga2dl § pudgo 9o LaS dalisie dilie Whgime e gl dll O LS

Trophic level Name of Trophic level Organisms found
Sl sgiuwall Sl sgiuwall puol 63g>g0ll OLSKII
Phytoplankton
Level 1 Producers Olxiio )
il @llge
Primary consumers Zooplankton @llge
Level 2 .

Small planktivorous
Secondary consumers ] .
Level 3 Fish &usall &lowdl

RO gl dls]

For studying the interactions between the organisms, the ecologist introduced a

population of a carnivorous fish (which feed only on other small Fish) in the waterbody.

Which of the Following statements is correct regarding the long-term consequence of
this introduction?

bd g3 GJI) pg=lll ST &lows3l o degamo dill @lle a8, diadl O G wdlelad] duwly)
Jladl @zl § (S>3 8 uall dlowdl e
Gdoadall 0dg sanll dugb 25LL Glei Lowd pusuo dJUI Olylell o §T

There will be an increase in the biomass of dgaal disIl § 650 o gSim

autotrophs ddsil dsld ol

JS dagumd| diSII (§ o lasil Yo (g
There will be a decrease in the biomass of "

B OWT wblgaadlg dydsdl dild oo
both autotrophs and herbivores

Ol
There will be an increase in the biomass of dguall disIl § 650 o S

C =
herbivores Glac¥l OMST Olgasl)
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There will be a decrease in the biomass of dygu=| dlisil g wolesil Ylo ¢gSmw

D herbivores and anincrease in the biomass disIl § 659 Glie¥l OMST &blga)
of autotrophs Adedl dsld digasdl

5- The Following ecological pyramids represent the number of organisms involved in

feeding relationships:
Al oBe § d)livall dadl SN 3 2e GIWI ddgl]l Ololyo¥] Jias

1

H

Figure 2
2 Jsdl

Figure 1
1 Jsall

Pyramids of numbers in balanced ecosystems
A5 gial) il alail) B 2ae ) cla) Al

Choose the LETTER (A, B, C or D) which is most likely to represent the organisms in each

of the figures.

JEa3] o JS § demdl Gl Jiey of pzsall go s3I (A, B, Cor D) Wyl i3]

Figure 1 Figure 2

| JSadl P sl

grass - locust - snake - frog grass — locust - frog
g_,d.uc—>$|_).‘_>—’ol.§.oj—>&)&;b e = 3> 2 eaais
tree —» ant —» spider - lizard tree - bird —» parasites
8yzud = Joi = OguSic ~ ddoww 8 yzu = b - wlab
grass - locust - frog —» snake phytoplankton — zooplankton — fishes
C. .
iie = 3> > g386 - gliss diils @llge = dilgas §llge = &Jlowl

Sbsll Sluslls pslsll slyals| 7]
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6-The following statements describe the alarm calls made by animals: Indicate
which of the Following statements are true using the letter T or False using the
letter F
pelaiuwl dousuo dJWI whlell sl puog @ wlilgadl lgills GJ1 1353 Wlgol wuai AWl wlyusll
F9)all plasiwl dibls gl T8yl
1- Alarm calls put the caller at increased risk of predation by drawing attention to its
location.
2- Animals that use alarm calls their genes benefit by allowing others in the group to
survive
3- Animals that use alarm calls usually live in colonies with large fFamily groups
4- Alarm calls may be favored by kin selection.
as8g0 J] obisdl eual JM> (po pulyis3l go Miljie o) Wguall jsuay s3I HI33 Wlgol yoy=i -|
cladb degamall § 023N zlowd ! JMS o lgiliuz Mbiwd Hl A3l ongoT 33 Gl Ollga=dl -
8Ll 38 e
8y dilile Wlegaze lg Whasime § 83le )l 353l Wlgol EaSuud G Wllgad] Giyss -
B3 Las] Gayb e )38 Olgol Juads e 28 -€

7- In ecosystems, rate of energy fFlow and nutrient cycling can determine ecosystem

productivity and biodiversity. Which of the Following organisms is considered to be

effective in both processes

goilly Sl plbull dimlis] whiseall 8)939 dSlall 3935 Jaso iy OT oSy wddul plill §
owidlos]| b.Lf@ 39 yuisy dJWI dsdl OUSKII o @T 2> oul

A Mushroom 9 sinall
B Camel Jod|
C Date palm Jasall
D Insects QI VEN )

Gbgll Olusl g eglall sbualgl e
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8- the following examples describes a behavioral patterns of animals. Put the

appropriate number 1 or 2 under the letter of each behavior pattern.

Solw bos JS Gy> cumi 2 6l 1 Cuwliall p8)l g6 O lilgaall dSgl U Lail dld] dliodl cauns
A) The canary bird sings because the high concentration of testosterone pushes it to do
SO
B) A male sheep Fights with another male because it helps to improve its social position.
C) A male robin attacks a red tennis ball because it confuses it with an encroaching male
who will steal his territory..
D) A cat tries to scratch someone who is trying to hold it because the nerve center
stimulates the voluntary muscles that move the Fingers so that it causes them to scratch..

E) A cat kills a mouse to obtain nutrition

A ded s o] (903 juS)I glaiyl o3 L"s_)l.iS”_)g.c'i.uo..c‘. 3 (A

delosl 83w e aclug i (3T 1383 @g,adl 4S5 Jilsy (B

)l @y Jusiio 53 (g Lgin balsy a8 clyos Guild 6,5 (ng) youac ;53 @zl (C

lbo¥l ¢y Gl sl wasll aiy Guasl! 35yl o3 lglas Jglou yasu yvas Jglod dbd (D

diatl Je Jouasll H1s Juis dbé (E
1- proximate causation «u 3/l cuunal/

2- ultimate causation Jjlgi! couuwall

I R N N
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9- Suppose that mercury (Hg) is present as a pollutant in an aquatic lake and the
Following Food chain is Found:

839290 dyli] dyliall dlulull olg dblo 6y § GoleS 3g290 (Ha) @8l of ubiail
Phytoplankton — zooplankton — small fFish (species X) — larger Fish (species Y) —
largest Fish (species Z) - Aquatic Bird.

Jlouwl ¥) = g9il (65 Jlowl X) = g9l (61500 Jlowl — diilga> Gllge — duilis Gllge
d 2l ygabal| 2) + gl (1
Your friend wants to purchase one kg of fresh fish and requests your advice about the

least toxic one, which species you will recommend to your friend?

glgidl L‘?QLOI&#Q.LULE;XI ol elizwas Clbyg dojlall lawdl oo A5lg ehegls chub elay o 29y
Clgy iy o Gogiw GJI
A B C D

All have similar
toxicity

d2)> pudl pgeres
daoun] |

Species Y(ggill) Species Z(ggill) Species X(ggil)

10- During a Field trip, an instructor touched a moth resting on a tree trunk. The moth
raised its Forewings to reveal large eyespots on its hind wings. The instructor asked
why the moth lifted its wings. One student answered that sensory receptors had
Fired and triggered a neuronal reflex culminating in the contraction of certain
muscles. A second student responded that the behavior might Frighten predators.
Which statement best describes these explanations?
Gt dyolo¥ lgimin disll Cund) .8 ymub e3> Je 2uyind dilyd puoly Lyaall e diilawe dlsy JUs
ol LMl 3ol Ll lgslis disll csdy 13ked Lyrell Jhe dalsll lgisusl e 8yuS goac g oc
ol ol cllb 3) dizee Ol palii § dig)d gl quae Jod 3) § iy cuilbl duusll OMydiuell
SO lpwat] 03 oy ol Juadl go Lo .dwyidall Olilgud! s 38 &glul
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The First explanation is correct, but . N .
A . 2uouo pe JWlg pusuo Jo3l jumaidl
the second is incorrect. i

The First explanation refers to i
Lo s oyl Commall JI J o3l sl ity

B proximate causation, whereas the
Algdl cond | I GUIT yuiy

second refers to ultimate causation.

The First explanation is testable as a

§ + deale dusyeS jlusW L8 Jo3l jumaill

C scientific hypothesis, whereas the .
LAS G thI,.u»mJI ol o=

second is not

Both explanations are reasonable and
dblug Mioug dgéeo ¢ umad| MS

D simply represent a difference of ]
sl @ M|

opinion.

Sl dilo) asilao

o b~ W N
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o 1€V daubll .dSyiiall Jo3l diud! lyluall el - soilll aul=ill | el (1o) eal=il 6)ljg |
2olall Gbgll 3Syall o IO -
ale (19530 31¢ 20yl 5.0 paiw g J. wggwlo w0 2 g wg) O 2 (V9P B . i) P
el auleill 8)13g il oSl (dubull pglall dozyiall dimolal i)l duulw dozyi) sl
3. Campbell, N. A, Reece, J. B, Urry, L. A, Cain, M. L, Wasserman, S. A, Minorsky, P. V, &
Jackson, R.B. (2020). Biology (12th ed.). Pearson Education.
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Significant Figures 4 sisal) o3 )Y
Scientific notation (el G sl
ol Adidiall g Al calas ) gl sl
3-13 : . L
Fundamental and derived units of measurement
Elementary
ol las gl alas 8 daadiiiual) culaalill principles
Prefixes Used in the SI System
Representing chemical reactions 4wl S le el Jiad
Word chemical equations 4adlll 4Ll Y aladll
Symbolic chemical equations 4 3 )l 4l ¥ aladll kel
14 - 32 Types of Chemical Reactions bl c3lelddll ¢ gl 2
Reactions in aqueous solutions 4xlell Jallaall 8 cdlelal) Chemical
) Reactions
Jllaall 8 4 5oV LS pall 50
Dissolution of ionic compounds in solutions
Mass and mole J sl 5 4Ll
LS yall Ao Ll J gal) a5 ) i)
Relationships between the mole and the chemical formula of compounds ol s
. . a_d R ‘ .. ‘
33 - 43 Empirical formula 4 s¥) dssal Measuring 3
Molecular formula 4 sl dapall Matter
Formulas of Hydrates 4slall =3y fua
Naming of Hydrates 4ilall 73! dans

ibgll cilualyl aglall slialg
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Blementary principles Al gt (1)
Significant Figures 4 ginal) 28 ,Y)

Al )Y Ay yina ol ) aladiindy Glld iy 5 caad (8 Cpill pae () 0 A8y play 4 2 s 1y o8 )
sl Bl b el il i Y s A siaal)

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.
JSall & 5 SIal dddy el lae WL Laad 1))
L, R A Ui e
Al e G el Jiai Wiy om 3 5 2 G A8Uall
| | 3 52 omdda oy aal ik (Kls 2.5 cm
‘;c G.atd\ (';3‘)5\ J;\S.I Lutﬁ cSM\ 534 ‘_;x:cm
L Wil W) ¢ 2.5 (32 a8 (e (paSlie Ll cpa a2 )
L5 a8 (e opaSlia
Consider the measurement of the memory
card "in the adjacent figure" using the ruler
Fh h) above it, The card’s width is between 2 and
s 3 cm. We may record the width as 2.5 cm,
but because there are no gradations
(T FTF T 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.

U gae (Al o8 )1l Jasi jall il ade ysimy g €3Sl e o 5l (&) G850 8 a0 Q80 ) L)
2.5 a5 S0 day (e o i Laxie ¢ s Jansall a1 G800 4 plal) A il 3 &
2.4 cm N daay B uil) La s (15 ¢ 2.5+ 0.1 cm s e Of Gaca Jiei Lild « cm
G5 Ssine al) s Ssall e A8l ey 8 Ly (Bl ) i GE ) JS 2.6 cm (Gl dea

Osina el e ¢ 2.5 cm a5 S Al () saal) (2 sall

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.

N 80 sy ) 13 8 U 8 e oS (e jalel) el @13 5 laneal) i
2.45 cm = s G Wiy Leliud 33 g sall 3 jlacsall aladiinly 3 ,SIA) d8Uay 8 8,86 (Y

DIGITAL CARaRAD

cm 1 2 3 4
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A e 2,45 cm b s QA (ia gall (5 siny i) LiSay (53 Aila) f2a) 5 Ll 5 38«5 AT 5 s
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

ibgll cilualyl aglall slialg
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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

ibgll cilualyl aglall slialg
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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
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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)
NSMO

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

Lihgll cilualyllg aglall slsalg
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(sl Clan gl AT B Aardiiunal) il

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

GO sty gl 1o guds JiSY) ciliald)
The most commonly encountered prefixes are shown in blue

1 L=1(dm)*= (10 cm)®>= 1000 cm?

Im
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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 s
(1-1)

tob Lo (il JS 8 4 gindll eﬁj‘ﬁ\ RRSIRRTN
State the number of significant digits in each measurement:

1) 2804m 2) 2.84km 3) 5.029m

(1-2)
Ay e a8l day )l ) A Q8 V) oy i, o8
Round the following numbers to four figures:
3.682417 21.860051 375.6523 112.511 45.4673

(1-3)
el (A el sl A5V 22V e jie
Express the following numbers in their equivalent scientific notation:
1) 123,876.3

(1-4)

Ao sinall Al Y1 (e sl aaall daill e e s AUl ulual) leal) o) aly o8

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

(1.00866 - 1.00728)
6.02205 x 10%

(1-5)
. Mg/mm? s2a 5 M AU Jsa | 13.6 g/em?® G 43S
The density of Mercury is 13.6 g/cm?. Convert its unit to Mg/mm?.

ibgll cilualyl aglall slialg
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Exercise answers

1) 2804m 2) 2.84 km
...... 4. O S

4) 0.003068 m 5) 46x10°m
...... 4. 2

3.682417 21.860051 375.6523

3.682 21.86 375.7

1) 123,876.3
1.238763 x 10°

2) 0.000000000000211
2.11 x 10713

(1.00866 - 1.00728)
6.02205 x 1023

1 Mg=10%g, 1 cm?®= (10 mm)® = 10° mm?

13.6g/cm*> =136 g x 1Mg x
em’ 10% g

= 229 x 10?7

gouL

NSMO
Gl il Slla)
(1-1)
3) 5.029m
...... 4.
6) 4.06x 10° m
...... 3.
1-2
112.511 45.4673
112.5 45.47
1-3
1-4
1-5
1 em’ = 13.6 x 10° Mg/mm?

10° mm?

13
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Chemicak REACtIons

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.

@ o Gl)q

Signs of a Chemical Reaction: sl Joliil) & gaa JiYa

(Aases Gl ) ul sally B3 gua a) e i I3 (1
1) Qualitative evidence (observed by the senses or simple experiments).
Ol 5 (a
il sl g 5 A5l o) sl imas gn o gaasli gl Cllinia s Jglae IS e ;e m
5 ol aliaial CaBEA) ) (525 Sy jall/cil ) S 55 b i :jpndil)l w
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.

Aadl,ll A sl saa dadly o 6SE (b
(H2S) salaa¥) ae iy S g Jelii (e dadll) cyy 5€l A0l 5 b m
.5 yaa :%AE\J <ld BJ\;\E C'_MSJA }i &"_1\)\.9 Ctu\ )ﬂuﬂﬂ\ L

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.

14
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CO2 2525 e didy slian s jlSe 380 G Ca(OH)2 el sle (& Sl el

W s i sale] e Aatli A e iy a 035 ¢ el m

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 COx.
= Explanation: The formation of gaseous molecules resulting from the

rearrangement of atoms.

(et Alia Bale) Gl 0S5 (d
g O el ) Gham Y a g sall 35 Jslae ae s sall Gl S Jolae 750 1Jle m
{(BaS04) Lanl ) (Jaxy a0 )ll Sl 55 ga o g0 guall 2y 8
Aaddie 40l o) d s S yo SO Hudll) 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.
(D3 (o g b)) ad) (b yad) Al S s (o
A g 2l Edleld §f 31 a8 o ¢ gea Slanil s w
Ll gy pusl Al aliaial gl 48U (3l asaa Jasl g 5 (o3 —— ol g 1) Adla 8y ;o)
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 sl Ala gall (& i (F
2L Sl J sladd) Jaa 55 iy ol 50 sl (3385 ) (35 Jelii gl 3ae 8 5l (aen 4903 ;e
o Jslaall 3l oY) e ;jondll
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 lons in the solution changes.

A g3 (2
2) Quantitative evidence.
RN | JVE S| I (a
(RS Lada ¢y 5i8) i Y AdlaaY) ALSH (UK 3le Jelis 3 m
i) Sl pabiaial o Ju B ATS 30k ) ¢ 5le p aS o Ju A (s da gide e (4
(38T Je il & o) 5ol (o CpanST (aiag (j22a
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a) Mass change measurement.

In a mass-closed reaction, the total mass does not change (law of conservation
of mass).

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).
Jelal) 3 ) s bl (b

Akl 8 Jead Gigan 2S5 e A8y daiaall o ddlkiall 35 all Gl (Say jresal) pladiuly w

L 5 sl dagl g5l (oS Jasi e

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.

Sl ciluld (e

O Ll giles S 51 adal) sl 21asily (o 5aT Bale (3555 Bale iS5 (alisil o w

Dol Ao oy Aol 3alal) e g eJeli Cgan e G g8 Sl 23 3y je ) ula sall

¢) 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
S 0SS ABUa)l _aas

Chemical

H Az
.rea.actlon Stees
indicators :
Sl as el 29SS
Color change Precipitate formation

Abaal) dle Ll ALeY) (any 12-1 JSAl)
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."

17
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Symbols used in equations el B ardicd gay
Jbia il e
Example Meaning The symbol
i) il 5 el ldial) ( dhaly | Jand ) iy
o) () (oSe pe Jeld )l
(a5
A+B—C : —
Produces or gives. Separates
reactants from products, indicating an
irreversible (one-way) reaction.
) e Jelall O G ol pesSe el
ALY ety JS b Gy s ) Ala
(Sl
A+B=C+D Reversible reaction. Indicates that the =
reaction reaches equilibrium and
occurs in both directions (forward
and reverse).
el o Jeay ) ABLaYL 5l we Jelisy
Al ) gal) i/ g Ade Laiall
H2+ 0 Reacts with or in addition to. "
Separates reactants and/or products.
Adall Al )
NaCle Refers to solid state. (s)
AL A ) ey
H200 Refers to the liquid state. M
Al AL ) sy
COx Refers to the gaseous state. (&)
ol Jstaall ) ey
HClagq) Refers to aqueous solution. (aq)
ki Jelall o ) el pendl (358 o sd
A A4 }Aﬂ ('5 J\ );) Cu;..w.a ;
CaCO3; — CaO + CO; | Placed above the arrow. Indicates that | 3l a1l 5| A
the reaction requires heating (heat) to
occur.
ks Jelil o ) ey el G358 qansh | oy ol Dokl
Jaaas Uaraa Ll
2200 atm .
No+3H —  2NHs; | 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.
el Y e Ailal) il sy o 5
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 A8t A ulianst) e alaal)

s el (e At ol gl 5 Ale il ol pall uaia sl CISIL (S juun oo Aidlll abadl
Al faa sl 5 gay aladil o5
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.
e + Sl — (50,80 2us] 6+ ol
Exercise (2-1): 2(2-1) quux
e ovel) da g Sle il Gas g puell ae a gl Sle Jelatl dadll) Aaladll ()
Write the word equation for the reaction of bromine gas with hydrogen to
produce hydrogen bromide gas.

Exercise (2-2): :(2-2) o
D (a3l 5 il 2T (o815 ) jally a s sad) il i Jlacl ladll) Aslaal) ciiS)
el

Write the word equation for the heat decomposition of ammonium nitrate to
form nitrous oxide (laughing gas) and water vapor.
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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
21
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Exercise (2-3): 2(2-3) s

Faleall a gaul ll ) SIS s sie 1 531 Jeliall Ay el ALl Al g i) Alalaal i)

pnSY) e 5 aliall o gali sall 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 (2-4): :(2-4) cu
A3 5 9a Ay )y ¥ alaey N Aadll) ¥ aladll e e

Express the following word equations as balanced symbolic equations:

?M&‘ QU)::)S—F«“J:U}EJJJ,}@J\UM—)VQM\SS\ L+l + CO,
calcium carbonate + hydrochloric acid — calcium chloride + water + CO»

pspali sl 2S5y 4 iy S s — 6 sanld sall G S + ol
potassium hydroxide + sulfuric acid — potassium sulfate + water

|| R | C’_atig)._\S—i-eﬁuU}_d\Quujé—) |1 YRV a&u,éJre},,mu}_d\ iy S
tin (II ) sulfate + potassium phosphate — tin (II ) phosphate + potassium sulfate

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

Cleall o sria )+ @l 5185 el Gass — o s IV 2SI+ G s Huell e
aluminum + hydrochloric acid — aluminum chloride + hydrogen gas

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

Exercise (2-5): :(2-5) quuu
Al Y alea) 3
Balance the following equations:

1) .. CoHsO2 + ... 02— ... COx+......... HO

2) Mn(NOz), + ......... BeCl, — ... Be(NO2), +......... MnCl,
3) e AgBr+......... GaPOs — ......... AgiPO4 + ......... GaBr;

4) ... HoSO4 + ... B(OH); — ......... B2(SO4)3 + ......... H>O

) R NaNOs + ......... PbO — ........ Pb(NO3), + ......... Na,O

(0) Ca3(PO4)2 + ......... H2SO4 — ..., CaSO4 + ......... H3POq4
T) oo Al+ ... H2SO4 — ..., Al(SO4); + ......... H»
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Types of Chemical Reactions Lilrasst) cdle i) g g
lgie ) Dalail 30 ) dliasll codle il ¢ s
Jale 5 aleliia ale Gn aaad A Aay el Ailal) il e g 53 58 203) JiaY) edleld (1
Al die iy 5 (sl sV 58 LaBale) 2uS5a
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.

(ol ) iaall A1 31 Y 12 Jlia
Example 2: the complete combustion of methane (natural gas)
CHa(g) +202(g) — COxg) + 2H20¢g) + 28k
3 S e 0 oS8 JIS) ) (piale ala) 3¢ oSl COIEWS (2
We 5 oS deld g Jeliill o e ma V) piisall sa 138 L aal g oS je il ilill
Lo Llle o gl (585 O ihaia 138 5 o guin g 8 ) oa IS e ddla (llal ke & () 65 L
" Bl 3l U saama 055
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 aand of Say ¢ oSl Cle LS
Formation reactions can occur between:
1S e 2 sSHl (g paic @
e Two elements to form a compound:
L) G 5K annSY e 5 el Jelis 3 i
Example 3: Hydrogen reacts with oxygen to form water.
2Ha(g) + O2(g) — 2H20¢y)
P2 S e (o sSICS ey puaic @
e Element and compound combine to form a new compound:
RURPRE IS A VP FRYENVES P DRCIVEN | QRIS iy ¥ g L
Example 4: Sulfur dioxide reacts with oxygen to form sulfur trioxide.
2802  O2i) — 2805y
Jaiad STy pas oS e Sl S e @
e Two compounds combine to form a new, more complex compound.

(L) 5aall) o saallU 0S5 3 (5 oS8 plall pa () adl) a sallSl 20T Jelis 25 Jlia
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Example 5: Calcium oxide (quicklime) reacts with water to form calcium
hydroxide (slaked lime).
CaOg) + H200) — Ca(OH)2(q)
o) sus) aie ol ST ol iale () aa) 5 oS je i 48 2y € Jeld g el cdlels (3
M 1 St Je i g dblun (bl QLS je 5 pualie cailS
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 ) guall
AB - A+B
Sy g san] AL Alin) Al Lo e Loilh lasS ol 5 5ausS (pon i Sl () 15883
sLeSl o gzl of 51 IS ddliae QIS b 48Ul 2 ()5S )]
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 s til) ol ) o g )l i SSi 26 Jlia
Example 6: Ammonium nitrate decomposes into nitrous oxide and water.
NH4NO3i) — N2oOg) + 2H20(g)
S e A AT paie & yaie PBla) shawal) SaY) cMe W (4
4) Simple substitution reactions: substitution of one element for another in
a compound.
General form of the equation: rAlolaall dalal) 3 ) guall
A+BC—>AC+B
aaf Jae Ldill jeaiall dagd 6 jo ae (Walis JiST) lats puaie Jeliyy «odleldil) o g gill 12 b
DA i 5 uan S e (oSS o Aaiil y (Uabis JBY) jeaiall) S pall SN A5 Sl pualiall
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.

S E—o
Types of simple substitution reactions: shasad) JSlay) cile s g1 gl
1 AT 3 Jaa 1N Maf e
Sl 80 s sl S e Ul ST el S G 6 Lesie Caaay
e Substitution of one metal for another:

It occurs when the free metal is more reactive than the metal in the
compound.

ibgll cilualyl aglall slialg
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Example 7: 17 Jha
Zn + CuSO4 — ZnS0O4 + Cu
: 18 Aol g3 p2alaa¥) (e Cragogdl Dal e
e Substitution of hydrogen from acids by a metal:
oabea¥) 8 g ) Jae Jad Al ol ) ey
Some active metals displace hydrogen in acids.
Example 8: :8 Jha
Mg + 2HCl — MgCl, + H»
AT Y Jae ES) JMa) e
e Substitution of a nonmetal for another nonmetal:
(I2 <Brz «Cl «F2 Jis) Sl gllgll o oy Glle
It often occurs among halogens (e.g., F2, Clz, Brz, I2).
Example 9: 19 Jua
Clz + 2NaBr — 2NaCl + B
e Bl i i Alas Jags ) il (e Ualiin ST jall peaiall ¢S 13) Jad Jelal) cuasy
203 0S8 b e sb LS sl Il AL 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 Jalds Al
S 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 <ol 3o Jalis Al
@J‘Y\ é;y\
The . The
lowest highest

L, B, |[ChL |F,

pealiall ey Bl ALl 23 J<E
Figure 2-3: Activity sequence of some elements

Exercise (2-6): :(2-6) s
e o A3 3SRl il i) (g V) EBle Wl (e S Cianis Ja 53

Predict whether each of the following reactions will occur, indicate the products
formed, and then weigh them:

1) | Mg + ZnClyeg) —

2) | Fogy + 2HClag) —

3) | Al + AlCl3aq —

4) | Fei) + NazPOuaq) —

5) | 2Als) + 3Pb(NO3)2@q) —

ibgll cilualyl aglall slialg
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O S e (Sl S e G LY Jals o 93l JaY) edle s (5

5) Double replacement reactions: the exchange of ions between two

compounds to form two new compounds.

General form of the equation:

AX +BY — AY + BX

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

Baa S e 0 oS3 AL il 5 e LagiSLal i 58 e IS oy ¢ 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

Aobaall Zalall 5 ) gual

@

Example 10:

110 Jus
NaOlHag) + CuCla@ag) — 2NaClg) + Cu ()

1E 9l JBaY) cile it 45 g § pal) bl calaal) 4USE Apulul) ) ghadl)

Basic steps for writing balanced chemical equations for double replacement reactions:

NSMO

JL ) ghadl)
Example Steps
ke il Al KU il i)
AI(NO3)s + H2SO4 Write the chemical formula for the | (1
reactants. i
NOy 5 AI** 48 AI(NO3)s 'I‘:"t.ds - @u‘i.“**ﬂ'd“"bﬁ\’t'_ il
SO s H' 4 HaSOx en }fy 1e positive and negative (
ions in each compound.
& Q) 515 o g G sal US G daa )
AP aedasi 3 SO4* DAY Sl
H' g kg2 NO3” Match each positive ion to the 3
negative ion in the other compound.
5 sl lixie 3l 5l il gl )
Al2(SOs); A @
HNO:s Write the chemical formulas of the
products using step 3.
VAV Je il AL Z e Alsbaal) i€
.z JJ}J\
AI(NO:3)3(aq) + H2SO4(aq) — Al2(SO41)3) + HNO3(aq) Write the complete chemical (5
equation for the double replacement
reaction.
Al ()
2AINO:3)3(aq) + 3H2SOs(aq) — Al2(SO4)35) + 6HNO3ag) Balance the equation. 6

GJJ‘}A\ IV ¥ alae LUS ¢l ghad 224 JSA
Figure 2-4: Steps for writing double replacement equations
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:(2-7) s
gy S g )0 b 30l e i) Cala
Classify the following reactions according to the types you have studied:
ial) Uslaall
Classification The equation
Ca Sl 2 G 4 el — el <l aan
sulfur trioxide + water — Sulfuric acid
psmmielall ) IS+ das 5 o guaiele + TIT waadl 3y )5lS
Magnesium Chloride + Iron — Magnesium + Iron III Chloride
Dl e 5 kY1 le iy CpanSY) a5l e (i die
When oxygen fluoride gas is heated, oxygen gas and fluorine gas are
produced.
Sl Qi dlee Adand g slall (o (iS5 G5 ued) e J saanl
Obtaining hydrogen and oxygen from water by electrolysis.
51805 o0 el Jos o plalall e e Jo

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

pul il ajlig
istry of Education

Mil

Exercise (2-7):

(1

2

3

4

(5

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

e (o aall) Aleliial o gall (585 Lavie aaad il Abiasl) cblelil a dalal Jilladl) ke lis
Jstaadl (338 JSY) g5 cadeS elall Jamy e liill s2a 8 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.
Classification of substances in water: sslall A 3l gal) Ciiiuas
(LS Qi 53) il sl ) i) e g 58 e 2y elad) 8 010l il ) (ol
Compounds dissolved in water are classified based on their ability to dissociate
into ions (conductivity of electricity).

Example Properties Type
i Dl ) G S e 0 oS e lall 3 JalS I ol ) el . s
(salt) (plekl) =le) NaCl Al 2o ) il 5 alea¥) s Al A Y1 LS all alana | ZJ{J\SB‘!
(b5 5 2ell Jaes) HCI | They dissociate or ionize completely in water to form a large Al
(hydrochloric acid) | number of ions. Most ionic compounds include solute strong
compounds, strong acids, and strong bases. electrolytes
sl Jads il gVl e il sae cp K3 elall 8 L sa cplis | calial 5 <y
CH3COOH P . Sl
(i) aen) Adpaallaelg@lly | ddmal
i o Partially ionize in water to form a small number of ions. weak
(acetic acid) .
Includes weak acids and bases. electrolytes
B A “le i S an T, few . . e
L]l Ci12H20 ) _ o . e ]
( #+) CroHz0n It dissolves in water but does not ionize or dissociate into elecr‘i;);ll e
ions, and remains in the form of molecules.
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Aal) Jallaall (B Aty ) i pal) oy g3
Dissolution of Molecular Compounds in Aqueous Solutions:
o3 ol Ladie Apaalusi Jayl 5 5 Adasi ya 153 (g (0 5SE 3) ga (Apealiadill ) Ay jall LS all 2
Ot ) (8 Hla (gaaly (8 pai Leild ¢ Jle Jlaa (8 LS Al
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 (49 9S5) i 99 Olasd (1
1) Dissolving without ionization (formation of non-electrolytes):
)@ ol (alal€diiadl e ol dala dalall 4 jall Gl el o gl iSY) Ll g 13a
25085 e S 4y 8
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 11: 11 Jlia
Sugar (sucrose): O ((OsoSall) S
Ci2H2201159 —  Ci12H22011aq)

H
/
H=0 H
R /
& oSl Glgd 125 Jsal) l &
o H—C:) i 2 /O—H
¢l i HAAl CIHZ/:\*‘i I
. . . . 0—C H C\ /C H \O<|: H-0
Figure 2-5: Dissolving o\l N,
sugar in water I L
= e Ny =8
\ : o=H ;
Ho H=0 H
H

(S S G 8ST) i) g s (2
2) Dissolution with ionization (formation of electrolytes):

o3 (can ol oy oS el iy G e Apadal) Ay Jad) S el oamy Je il duala cVla
2-6 JS3 A e s LS (il Aleal)

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 12: 12 Ja
HClg) + H:Og) — H307ag) + Cl (ag)

-

Gl g SV Glgd 12-6 J<A)

slall 4 /
Figure 2-6: Electrolyte V. A
solubility in water o~
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Dissolution of Ionic Compounds in Aqueous Solutions

8a Al g s g il gl ) (eSS (3 yla e (slall Jie) dadall Jallaall 8 35 01 LS pall a5
O slal s cadall S Levie (Hydration) 2alel) sf glisdll auly dalasll 038 Cajed A4S al)

slall (A aledall =le (i sddglee 227 US4
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.

=01 2 NaCl alakalt zele L33
“‘3.“::,“:‘ Pe - e -
Q @ %@@ Y0
o 2% ¢ %Q@

slall 3 4 52V S sall o s3 227 S
Figure 2-7: Dissolution of ionic compounds in water

Describing reactions with ionic equations: 14 5 ¥ alaally cle ) cika g

Al dAala ddy Sl I Wil el (8 colelill Ciua gl A ¥ ¥l andind

Agsall il 5 s
[onic equations are used to describe reactions in aqueous solutions more
accurately, especially for strong electrolytes.

gl JS e elall 8 3y0aal) 3 gall il g SIY) asen el 5 (RSl ALY A ity Adalaall (1
iy ) Ak (aamaal) il S f) AN oLl ol i) 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 13: :13 Jha

AgNO3(q) + NaClug) — AgCls) + NaNOszag)
1 IS Jo Ll 3gd ALK 2 5391 Aabaall 2S

Write the complete 1onic equation for this reaction as follows:

Ag"aq) + NO3ag) + Na'ag) + Cliag) = AgCls) + Na“(ag) + NO37ag)

Sl Y A g e il il Y1 Cadan Lale J saanll 25 5 (Asilgdl)) Adlall A o) Aalaal) (2
(el Jelall 3 Ulad o Ui Y 5 ozl il g cdleliall ala 8 500 ()50 el
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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 14: +14 JGa
Ag @) T NO3"aq) + Na'ag) + Cl'ag) = AgClis) + Na'ag) + NO37ag)
a el UG 51 Cadad Je il 13g) Alall 4 631 Alaled) 210
To write the net 1onic equation for this reaction, remove the spectator ions:
Ag g T Iyés'(aq) + M%) + Clag) — AgCliy + W' gy + NBs e
Final result: Al da gl
Ag' g T Cliaq — AgClg)
Iy o 059 (gl sl 5 dle Laiall) A 0] Aol 8 ke 850 5 50 i gl & sAa i) cligdY)
Al ] Ailas s 3 s ol 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: sdailal) Jallaal) (A bl linl) g1 i)
aad Sl Jslaal) (e il V) (any Can &5 1) Jadh SlaiSa rind 5 5 all DAY el diaay
A 3l

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:

(e ) e W) Gl 0S5 (1

1) Precipitate formation (Precipitation reactions):
Jmiy (falim 8ae) il gl US ya U580 L)y ampal) (¥ 3as 1 a1 ¢ 50 50
Ul Gl a5 s e idalee 2-8 JSG an Jslaall (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 15: :15 Jha
2NaOHq) + CuClyag) — 2NaClg) + Cu(OH)zs)

The complete ionic equation: ALK 4 50Y) Alalaal
2Na'(aq) + 20H @) + Cu**aq) + 2Cl'aq) — 2Na'(ag) + 2Clag) + Cu(OH)zs)
Net ionic equation: Adlall 43 ) Aaball
2 ) + 20H ) + Cu?*ag) + 22 ag) — 20" g + 220 (ag) + Cu(OH)s)
20H ag) + Cu*'(ag) = Cu(OH)s)

:2-8 Jsall
Figure 2-8:
Precipitation Reactions
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2) Formation of a water molecule (neutralization reactions):
L) 308 5 5 ued) O sal ae Gaaall e (HY) sl Cn s suel) (ol 2ay 330y (mes G Caany
sl o Sidle 2.9 K5 i Jobia (H0) ebe e (pSil e Wl (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 (H>O). Figure 2-9 shows the process of water formation.

Example 16: 116 JGa
HBrq) + NaOHq) — NaBrag) + H20q)

The complete ionic equation: AR PEPAPACPA|
H'@q) + Briag + Na'@g) + OH ag) — Na'@g) + Briag + H20q)

Net ionic equation: -dgilall 40 oY) Aalaall
H (ag) + B aq) + 28" ag) + OH (ag) — W' aq) + B ey + Ha200

H'(ag) + OH aq) — H20q)
:2-9 Jil)
Jaladll e L
Figure 2-9: =
Neutralization reactions S ~a

8 eSS (3
3) Gas formation:
saen Jia ¢ e 8 Loy 0y JIad e A 1 i Lo Glle Jglaal) ey 15le il il aal
COy e 2ebaill (A s yuel) asd saaall G5 xS ) 50all l 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 17: 17 Jéa
Chemical equation: Al Aaladl)
NaHCO3(aq) + HClag) — NaClag) + H20() + COzg)

The reaction takes place in two stages: (Ol ye e Jelil) Sy

1. NaHCO3(aq) + HClaq) = NaClag) + H2CO3(g)
2. HoCOs(e).— HrOp) + COxg)
NaHCO3(aq) + HClaq) + H{O?,(g) — H%O3(g) + NaClg) + H20q) + COxg)

The complete ionic equation: ALY A 501 Aaladdl
Na'(ag) + HCO3"(ag) + H'(ag) + Cl'(aq) = Na'(aq) + Cltaq) + H20q) + COxg)
Net ionic equation: Jdgiliall 43 oY) dAdaladl)

YA uq) + HCO3(aq) + H'tag) + 2 ) = Mgy + 2 aq) + H200) + COx)
HCO37(ag) + H'aq) = H200) + COxg)
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Exercise answers Sl Haill bl
Exercise (2-1): 2(2-1)
et oo — Ceasoed) d

Exercise (2-2): 2(2-2) uu
a5 sl il 5 A, il 3l 1 sl

Exercise (2-3): :(2-3) s

aleall a ol sal) <l IS 5 Caliall o gl gl 3y ) IS+ cpansY) e
2KClO3i) — 2KCl) + 302
Exercise (2-4): :(2-4) s
CaCOs + 2HCI — CaCl, + H,O + CO2
2KOH + H,SO4 — K»SO4 + 2H,0
3SnSO4 + 2K3P04 — Sn3(PO4)2 + 3K5S0Oq4
2Al + 6HCI — 2AICl; + 3H»

Exercise (2-5): :(2-5) s
1) CoH402 + 202 — 2CO; +2H20
2) Mn(NO2): + BeClz — Be(NO2)2 + MnCl,
3) 3AgB1‘ + 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 — 3CaSO4 + 2H3PO4
7) 2Al+ 3H2SO4 — Alx(SO4); + 3H;

Exercise (2-6): :(2-6)
1) | Mg + ZnClaaq) = MgClag + Zng)

2) | Foq) + 2HClaq) — Clow)+ 2HF 4

3) | Alg) + AlClzaqg) — NR

4) | Fe) + NazPOgyaq) — NR

5) | 2Al) + 3Pb(NO3)2aq) — 3Pbs)+ 2AI(NO3)33a)

Exercise (2-7): :(2-7) s

o g €I S G 4 ele 5 @l SN Gaen
. sulfur trioxide + water — Sulfuric acid a
Lo Sl pommielall ) IS+ das 5 o gusiele + T waall 3y 4lS @
B ‘ Magnesium Chloride + Iron — Magnesium + Iron III Chloride
s e 5 sy Sl i sy a5l Sle i die
Bl When oxygen fluoride gas is heated, oxygen gas and fluorine gas are | (3
produced.
e Sl Bl dlee Adand g s lall (e CmaniSY) 5 G5 ved) e saanl “
Obtaining hydrogen and oxygen from water by electrolysis.
e SN 5 o 903 suall Jelas O plakall Lo Qr- Joans . 5
’ We get table salt from the reaction of sodium and chlorine.
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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.

JEs lagusall
Example Particles
(\..JSA} cAg «Cu Fe ) )mhaj\ L".\\J.S U"_i\‘)...ﬂ\
Atoms of elements (Fe, Cu, Ag, etc.) Atoms
(H0) ClS pall Gl g ¢ (1358 5 (PyeF2¢Og) palial) iy S
(s 5 «CO, i 3ol
Elemental molecules (O, Fa, P4, etc.), and compound Molecules

molecules (H20, COa, etc.)

M Bagae il ) (1388 5 «Cr2t «Cl) Al il Y
(13 5 NH4+ <OH) <l 1Y)

Monatomic ions (C1-, Cr?*", etc.), polyatomic ions Ions
(OH~, NH4", etc.)

(AL,03NaCl) 4 sl S s ((Si0) 4Sed A a Al e | Al dapall cilas
Covalent network compounds (SiO>), Ionic Chemical formula
compounds (NaCl, Al,O3) units

00 12 g (8535 sall Clapall (e dudi daall e (5 gins ) 3alall 4paS iy J gall Liasl oy

((Na) s sl aae cany Culdll aall 138 12-0) 5 81 yakai

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 6.02x10%% = (Na) sl g8l 2xe
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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

Mass and mole Jgall g ALigt

lapaall (pe 5 oda il axe e (s gind die A1 gl alal) e 2al 5 Jsa ALS o aa) gl sall ALiS
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) 4 gal) A<
(g/m(_)]) paial) 138 Y e A;\Jd}o:\_\is‘;% izl 4] gal) A

Molar mass (M)

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 (3-2): :(3-2)
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 Jlia

£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?

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

¢ CsHoNO; (sl 4 gall A1) L
What 1s the molar mass of CsHoNO»?
162 g/mol (a
76 g/mol (b
151 g/mol (c
70 g/mol (d

A g claswald) a3 ¢y A8
The relationship between the number of particles and mass

lapall e
X 6.02x10%

il gall ALY

3\.‘353\ molar mass of particles u] “.3 =. n
mass L particles
30 gall ALY Slapal) e 0y
- 6.02x10% +
molar mass of particles

]
sl M)l s 132 JSA
Figure 3-2: Some moles relationships
Example 4: :4 Jua
THg G530 00 11.5 g 8 A e L
How many atoms are in 11.5 g of mercury Hg?

:Jad)
N-= % X 6.02x10%3
11.
N= > X 6.02x10%3
200.6
N =3.45x10%253
Exercise (3-4): :(3-4) ¥

¢ NaF a2 pall 2518 (0 2 Mol (8 32 9> 9l Gl Yl Y e 22 S
How many moles of ions are present in 2 mol of sodium fluoride NaF?
0.5 mol (b 2 mol (a
1 mol (d 4 mol (c
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Relationships between the mole and the chemical formula of compounds

Al lie 30 S Hall Eilal) daguall 5 Jpall (el Ly 5
The relationship between the mole and the chemical formula of compounds is
based on three basic concepts.
S pall Al dially LeiBe g 4 gal) ALSY) @
e Molar mass and its relationship to the chemical formula of
compounds
S yall A gl AL a5 (a5 ¢ puie JS (e 3N 220 20ail (S el A lai€ll dapall aadind
Al el LS 4l &5 5Sall 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 (H20). (H20) slall &3] gal) A1 sl
H:2x1.008 =2.016 g/mol
O : 1x16.00 = 16.00 g/mol
4l sl ABN M =2.016 + 16.00 = 18.016 g/mol

S yall il drpally A 9 g joka g8l 20 o
e Avogadro's number and its relationship to the chemical formula of
compounds
S all 43 Sl pealiall (e (Y gal) ) lapal) dde A Al Dapall Jics
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
12 (4 dapall e sl Gl (e e i 6.02x10% e s siag (CHy) Olisdl e e dse 1
sle Ll (5 giny J gall

1 mole of methane gas (CH4) contains 6.02x10%3 molecules of methane. Based

on the formula, this mole also contains:

Aagall A G5 S e dad sl 5353 2 5 45Y (53 6.02%10%3) (C) 0sS &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 s oued) (e Jah l 3wl a0 AV (33 4%6.02x1023) (H) O souedl I3 e U5 4
Al i

4 moles of hydrogen atoms (H) (4x6.02x10* atoms). Because there are only four

hydrogen atoms in the formula.
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S gall Aibaa€l) A pually LgBNE 5 Al sal) consll) @
e Molar ratios and their relationship to the chemical formula of
compounds
Sl (e J e JS A Y e 220 ) AilasSll Arpeall Al Q8 Y1 50
The subscripts in a chemical formula indicate the number of moles of atoms per
mole of the compound.

Example 7: 27 Jua
9(CO2) st 2l G 8 A sall il L
What is the molar ratio of carbon dioxide (CO)?
:Jal)
CO2 e Jse 1 K U502 (N dsa 1 (o GannsSY 5 50 SU A gl Al
The mole ratio of carbon to oxygen is 1 mole to 2 moles per 1 mole of COo.

MM\M@M\MM*\SJ}S\

R

Relative percentage composition of the chemical formula

A0 5 5S5 dpal) 028 Al 5 S ) 8 jeaie JSIABKIL 4 giall Al 8 (5 sl ool S i)
" Al paa o il iy ol (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:
CSal i emiall AES

iall L A i)l ] =
el LI A i A aoaam 100

i
S
aadl AL Al ATy Aadl )yl dae
LI, By g il = 2o FE T X IEE TR
S yall i yal) ALK

Mass of element in compound % 100

Mass percentage of an element =
Molar mass of the compound

or

Percentage by mass =
Number of atoms of the element x Molar mass of the element "
Molar mass of the compound

100

31 Gsbe S 5all 43 Sl pualinl) yend SN 2 giall il £ sama (150 O ony 2Aaly daadla

2100 (e 2 Ly 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%.

ibgll cilualyl aglall slialg
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Example 8: :8 Jla
$CO; G5 8 2l A (g giall nil) (a5l das
Determine the percentage composition of carbon dioxide CO»?

:Jadl
M = (1xC) + (2%x0)
M = (1x12.01) + (2x16.00)
M =44.01g/mol
Syl 8 pumiall A1
0/ — -
Co% = T < 100
12.01
0/ —
C% 22.01 x 100
C% = 27.29%
S pall (b eaiall AIS
0/ — -
0% = a1
_ 2x16.00
0% =72.71%
Empirical formula Y daall

230 53 Y 5 S all 4531 pemlial) 53 Aipnm Bynae At ol (g0 it AiliaS i 0
0585 By (Aadll ) daadlal) Ly el Gllall (e @ L We 5 e all 8 clall ladl)
O 8 23Sl 365 (HL0) slel) e b€ pall a4 5all dasall Lpusdt 4 40,59) dapall
A5V dapal) dlay) dlenl 3 jeaite il sha 323 JSE i (COy)
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
molecular formula of some compounds, such as water (H>O) 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 A g¥) dipall dag) & ghad

Steps <l shaill

o Jasadl 138, 100 g LS e bl (f i 8 A &) gia s o lplanall S 13

ol A A glse _emiall A gial) il o i ilibuaal

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 dhsaill aey 5l 5 pdlaall Cillarall (e ¢ g Lgple Jgeandl ary pualindl J5S ) g

A gl da 1) 4SSy gl pemiall By 30 A ohakily Y 5 N (1| 2
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Convert the masses of elements obtained (either from direct data or after
conversion in step 1) to moles. Use the atomic mass of the element to
convert its mass to the number of moles.
s shall i lple cloan il emie S Y e 30 el 2ok (8 il 3o e ansl 3303
L Y e 220 jral 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 1Y) Ll 5 ghadll 38 glaid cagaa Dlac 33 shaall 8 ilinl) cuilS 1)
gona 2 jheal el pes e Guob e Aapniaa dhel L Lehsad sy e
Anaa Blac ] LIS Lelaay
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 dagaiall slae Y1 alasiinly 440 5V Ll 4
i AL Al il b
Writing the empirical formula using the integers from steps 3 or 4 as
subscripts for the elements in the chemical formula in order.
A3 el sl il s 330K
Figure 3-3: Steps to find the empirical formula
Example 9: :9 Jla
JE) (0) oSl 53.3% 5 (H) 0503 6.7%5 (C) 05205 40.0% (30 055 (5 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).

:Jad)
dapaall alac Yl A gl Al Y sl d2e ALY

(4 5 5halh) (3 5shaall) (2 5 shaal)) (1 3shal)) _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 6.7/1.0=6.7 6.7¢ H

1 3.33/3.33=1.0 | 53.3/16.0=3.33 533¢g O

CHy0 o A ¥ &apall (80 =1 H=2 «C = o dapnall sl i Loy
Since the integers are C = 1, H=2, O = 1, the empirical formula is CH-O.

Molecular formula 4y ) daal)
L) Gudy e yall (A aie JS @l dae (ol (S all sl (S gl edad Al dxpall 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.
40
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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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Formulas of Hydrates L) 2 3Y) e

S JA)a 3 s el Q@ﬁmamjwqmécé)hﬁgh@ﬁi S e g Al mlall

Mokl el ode elall i (s Ay 5 Sl
A hydrated salt is a solid ionic compound that contains a specific, definite number
of water molecules trapped within its crystal lattice. These water molecules are
called "water of crystallization."

(o) (g3 h e dale) ade ) oLl ela Ol a e A ) 2ay K1y condall il sa AL Ll
An anhydrous salt is the same salt but with all of the water of crystallization
molecules removed from it (usually by heating).

Osll Al 8 Lo ¢ AL mlall e ddlidg alliad Sl ald) glae) ) slall el 39a 5 52

(34 JSall A e s WS (S Gan) A S G0 (e pelaill iy S J s Jia)
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

éﬁ’%w

CuSO0O,4-5H-0 CuSO,

S G ) Sl 55Y) (e pelaill il S Jsad 13-4 JSa)
Figure 3-4: Copper sulfate changes from aqueous blue to anhydrous white

() Ak Lagin daaiy 5 colall iy o e S el dinn ety Sl bl drpea (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: rdalal) dapal)

anhydrous salt. xH>O

e

g

where:
(W) (5523 S pall Al Arpeall o : Sl Ll

Hydrated salt: The chemical formula of an ionic compound (salt).

el e 2al 5 Jse S5 ddasijall elall Gy Ja Y 5 230 iy (A 34) omaa 220 98 1x
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 ulea SUEN Quladll S 5 CuSO4-5H20
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Naming of hydrates Apilal) 3 dands

(O35S ansl 3 ) 5V ) Balizall 48 hally (AL ) ) dpansi ]
1. Naming an ionic (anhydrous) salt is the usual way (name the cation then
name the anion).
Al sl bl aladinly 4y dadijal) oLl a2 e Ju adale i) 2
2. Add a syllable to indicate the number of water molecules associated with
it using Greek prefixes.
"u\Jm" }\ "ol ALK, ?’“‘y‘ 91-@—“ 3
3. Ending the name with the word "water" or "hydrate".

I I

sl ialal pgoge¥ oYLl (NH,),C,0,.H,0 1 N
sladl LS pgutISTI 1S CaCl, . 2H,0 2 LS
;Lq_na_:jm fn}f.\}m}‘ﬁuﬂ.wi N362H302. 3H20 3 g,jm

sladt aely (1) wasd i clawgd FePO,. 4H,O 4 o<l
sladt dcwles (I1) Lulstt ol 48 CuSO4. 5H,0 5 uwla>
slott ulo ([1) g3t 58 CoCl,.6H,0 6 (ol
slettdelw pailati ol 8 MgSO, . 7H,0 7 <l
oﬁ‘l-@-”‘:,:im PHJL_L”-—L_M#SQJ-—L_UD Ba (OH)z. 8H20 8 93'143
slett &)lic pgrguaticlis,s Na,CO4.10H,0 10 §olde
Al Z 3 e i 3.5 J<al
Figure 3-5: Examples of hydrated salts

Exercise answers Gy il s

Exercise (3-1): :(3-1) suu
16.0 mol Oz (c

Exercise (3-2): :(3-2)
26.0 g Fe (b

Exercise (3-3): :(3-3) w8
151g (c

Exercise (3-4): :(3-4) quu
4mol (c
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e Burdge, Julia and Jason Overby . Chemistry - atoms first , Third Edition .
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e Chang, Raymond. Chemistry, Tenth Edition. USA: McGraw-Hill, 2010.

e Ebbing, Darrell D and Steven D. Gammon . General Chemistry , Eleventh
Edition . USA : Cengage Learning , 2015 .

e Rosenberg, Jerome L and Others . Schaum's Outline Theory and Problems
of College Chemistry , Ninth Edition . USA : McGraw-Hill , 2007 .

e Silberberg , Martin S . Principles of General Chemistry , Third Edition .
USA : McGraw-Hill , 2013 .

e Villanyi, Attila . How to Get an A in Chemistry ? , Budapest : Muszaki
KonyvKiado , 2021 .

e Zumdahl , Steven S and Susan A. Zumdahl . Chemistry , Ninth Edition .
USA : Brooks Cole , 2014 .

Attila Villanyi
HOW TO GET
AN

. IN CHEMISTRY?
=

PROBLEMS AND SOLUTIONS

CIJLI.EGE |
GHEMISTRY:

Ninth Edition

General

Chemistry CHANG

| _§
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