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= Introduction: Who Tends This Garden?
£ diaat) 0dd £ i (a7 dadia

= Chemicals are the stuff that make up our bodies and those of other
organisms

dall sl 8L bl 5 Liabusald Lgie ()55 1 3 sall o2 Gl glaS) =
— They make up the physical environment as well
Toal bl Tapd il AL 581 Al Lgie oS5 LS —

= The ordering of atoms into molecules represents the lowest level of
biological organization

— Therefore, to understand life, it is important to understand the basic concepts of
chemistry

sLadl 3 ek agdl o LiaSll pulu¥) aaliall 48 2o 4paa) e ails  —
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ELEMENTS, ATOMS,
AND MOLECULES
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2.1 Living organisms are composed of about 25 chemical elements
A paic 25 g (e dpal) cliilst) catls

= Chemicals are at the base level of biological hierarchy
il da e sLad) il sl sac @l (5 giuall 8 il LSl (oS

= They are arranged into higher and higher levels of
structural organization

Al dpeandll 8 Tagad dels ol ey gl 8 aLai Lgif ety w
— Arrangement eventually leads to formation of living organisms

Aol Sl 5S35 N ) AT (8 el 8 2 il QSN elld o —
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2.1 Living organisms are composed of about 25 chemical elements
A paic 25 g (e dpad) cliils)) catls

= Living organisms are composed of matter, which is
anything that occupies space and has mass (weight)
Jadn g (0)s) A8 Al s 6l e 3 )le a s ¢ Balall (e dpall LS Calls
Lo | s
— Matter is composed of chemical elements
AbasS pualie (e salall S5 —

— Element—a substance that cannot be broken down to other
substances

oAl Al gl LeDa) Sy ¥ Al salall s — pualell
— There are 92 elements in nature—only a few exist in a pure state
i Al 8 e Jildll - & juaic 92 daplall doa gy —

— Life requires 25 essential elements; some are called trace
elements

LAY pabiall Levany s Lndf 1 yaie 25 Vslall zliag —
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Percentage of

Element Symbol Human Body Weight
Oxygen 0 65.0 )

Carbon C 18.5

 96.3

Hydrogen H 9.56

Nitrogen N 33

Calcium Ca 15
Phosphorus P 1.0

Potassium K 04

Sulfur S 0.3

Sodium Na 0.2

Chlorine Cl 0.2
Magnesium Mg 0.1

Trace elements (less than 0.01%): boron (B), chromium (Cr),
cobalt (Co), copper (Cu), fluorine (F), iodine (I), iron (Fe),
manganese (Mn), molybdenum (Mo), selenium (Se), silicon (Si),

tin (Sn), vanadium (V), and zinc (Zn).

L\:|N BB ELEMENTS IN THE HUMAN BODY Q\.uj\j\(w;@?ﬁud\ -
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Elements in the Human Body

A ....... ; ....... A
Essential Elements Variable Elements Trace Elements
Ay g pall pualind) 45 glitall pualinl) AN alial)
S HOPCN NaKCOCa Mg Fe CIl Cu Zn Mn Se Si F |
Invariably found in variably found in living found in trace amounts in
all living organisms organisms some, but not all, organisms
@l (Bl g Laila aa g8 LSty A ) cuS 5 B JAN palic A K o< B JAN palic
o Oils AT GilS e agag b Ciliss 9 Baaf aa g g o dlid udy
Wl (99 dlma ciliils L Lguan,




2.2 CONNECTION: Trace elements are common additives to

food and water
slall g aladal) ) 4 5 jealind) ddlia) asdy ; dgdaadat dday)

= Some trace elements are required to prevent
disease

— Without iron, your body cannot transport oxygen
aaall 5 Gaa€ oY) J8 o ki —

— An iodine deficiency prevents production of thyroid
hormones, resulting in goiter

leadatl (g3 Laa 438 jall Baal) Gl ja ) sels (52 2 gall Ll Jgny —
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Goiter in
a Malaysian woman,
a symptom of
iodine deficiency
438 jal) sarll adai - i sall
¢ 4y jalle Baa 8

.

2 gall i al jef aal
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2.2 CONNECTION: Trace elements are common additives to

food and water
slall g aladal) ) 4 5 jealind) ddlia) asdyy 1 Agduadat dday)

= Several chemicals are added to food for a variety
of reasons

Gl e aaedl b sla B2 o)l Ciliay =
— Help preserve it 4dadal
— Make it more nutritious 433 JiSi 4laal
— Make it look better o jelae (il

o Check out the “Nutrition Facts” label on foods and
drinks you purchase
Y SL e il b e 83 s sall “Alildal) (3EA1) jEE
b g pliall
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Nutrition Facts

Serving Size % cup (30g)

Servings Per Container about 17

with
Graun ¥ owp

Amoumt Per Serving Total shim ek

Calories 100 140
Calores from Fat 5 10

————
% Dally Value**

Total Fat 0.5¢" 1% 1%
Saturated Fat Og 0% 0%
Trans Fat Og
Polyunsaturated Fat Og
Monounsaturated Fat Og

Cholesterol Omg 0% 1%

Sodium 190mg 8% 1%

Potassium 90mg 3% 8%

Total Carbohydrate 239 8% 10% o Daidy Vaboe of
Dietary Fiber 3g 10% 10% 12 VITAMINS
Sugars 59 " < MINERALS
Other Carbohydrate 159 ‘

Protein 2g —— . Cond Sounte o

| oS —_ e ] . % FIBER

Vitamin A 109% 15% .

Vitamin C 100% 100% LY, o

Caicum 700% 110% e’ T WHOLE GRAIN

Iron 100% 100% : P ' ¢

Vitamin D 10% 25% > 2 -~

Vitamin € 100% 100% , : , g (010,

Thiamin 100% 100% . CALORIES

Riboflavin 100% 110% ’ -

Nacin 100% 100%

Vitamin Bg 100% 100%

Folc Acid 100% 100%

Vitarmin By, 100% 110%

Pantothenic Acid 100% 100%

Phosphorus 8% 20%

Magnesium 6% 10%

Znc 100% 100%

Copper 4% 4%

"AMOuURt In coreal. A servng of Coredd phus sham il provices 10 ot
2, oss Tan Seng cholestercs, :‘&“r—x‘) socum, 200mg potasshu, 299
0t carbolnycrate (119 sugars) and 7 proten

= Porcert Daly Visues are Samed on 2 2,000 calore chet. Your dally
values may Do Ngher o lower Geponcing On your Galors neec:

Cobres 2000 2500

Ycl::.:t Losa Tan ) 80y

Chrchmens Loss han - I - W

Sodum Less Tan 2.400mg 2.400rmg

Py m 3. 500mg 3.500mg

Total Cartbohycrate 00y arsg
Dwetary Foer P 30y
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2.3 Elements can combine to form compounds

Gl ya JSEA aaT o)) paliall S

= Compound—a substance consisting of two or more
different elements combined in a fixed ratio

s iy dag i Al Al pualiall e SIS) gl 0] (e Calli ale g8 — S sl

2\:1.115
-

= There are many compounds that consist of only two
elements

= L o eaic (e alli Al CUS el (e 2]l @lla

Table salt (sodium chloride or NaCl) is an example
(pssall 2)lS ) aladall =l el Jle

Sodium is a metal, and chloride is a poisonous gas
alas Jle ) lslly (151 ) (ara g3 guall

However, when chemically combined, an edible compound emerges
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The emergent properties of the edible compound sodium chloride
I 03 geall 2y 5K Sl Anilll Ciliaall

Sodium as5a Chlorine _sis Sodium Chloride
o S i gl 5K




2.4 Atoms consist of protons, neutrons, and electrons
Sl g RSl g Silig fign g Sl g g (pa il pal) () oS

= An atom is the smallest unit of matter that still retains the
properties of a element

inl) ailaadn Laiat sola)l 8 53a g jraal & 3,A) =
o @2 0y pral (2 8

— Atoms are made of over a hundred subatomic particles, but only
three are important for biological compounds

LS pall ala L 35 (Kl ¢ A Al Slapual) e QL e 3y 3 Lea il AN S5 —

— Proton—nhas a single positive electrical charge
T sl Ay e Al ym g — gl —
— Electron—has a single negative electrical charge
ALl g 5o il 5 — gAY —
— Neutron—is electrically neutral
Lo S Jolaia — (g gl —
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Model of a carbon atom
Electron 05 353 73 s

A 5 i Ala 6e-

Nucleus
B 3

~ Protons
6 @ SRTYPY Mass number =12

6 Q Neutrons | 12 = ol sl
Gl 9 A g

6 @ Electrons
Sl g A




2.4 Atoms consist of protons, neutrons, and electrons
Gl g Al g g figi g Ciligh g g (e Sl yal) (9S8

= Although all atoms of an element have the same atomic number, some
differ in mass number

— The variations are isotopes, which have the same numbers of protons and
electrons but different numbers of neutrons

il gy gl
— One isotope of carbon has 8 neutrons instead of 6 (written 14C)
(1C i) B (e Yo iy yisn 8 o s S plaill (5 5iny Lavie —

— Unlike 2C, '%C is an unstable (radioactive) isotope that gives off energy

dilda iy | ey (Laia) Tkas iy 12C (Se e 4C —
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IR NE 1SOTOPES OF CARBON ws oS! il

Carbon 12 Carbon 13 Carbon-14

2 — oS 3 — S 14 — o5 S

Protons  cusis 6 6 6
Neutrons cussss 6 ] 8
Electrons cussa 6 6 6




2.5 CONNECTION: Radioactive isotopes can help or harm us
Ludgd o) Laslud o)) dadiall iUaill Say + Agipudat dday

= Living cells cannot distinguish between isotopes of the
same element

— Therefore, when radioactive compounds are used in metabolic
processes, they act as tracers

Clagiia Jasi pan¥) Gllee 8 e ladY) Lalaal) cild S jall Jardis Ledie &Y —
— Radioactivity can be detected by instruments

3 ¥l olady) bl e ol (Say —

= With instruments, the fate of radioactive tracers can be
monitored in living organisms

5 el doall sl 8 e leadY) Laliall culd Cilagiiall juae (8 Sy
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2.5 CONNECTION: Radioactive isotopes can help or harm us
Ldgs o) Laelud o) dadial) JiUAS Say + A8ydat dday)

= Radioactive tracers are frequently used in medical
diagnosis

ol el s i e lady) bl ¢l cilagiiall aadi

3

= Sophisticated imaging instruments are used to detect them
leie CadSll 3 ) ghaiall y aill 3 jeal aadiu

— An imaging instrument that uses positron-emission tomography
(PET) detects the location of injected radioactive materials

25 giaall datiall 3 gal) S (59 il ) gui Al gl Slea Sy —

— PET is useful for diagnosing heart disorders and cancer and in
brain research
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2.5 CONNECTION: Radioactive isotopes can help or harm us
Ldgs o) Laelud o) dadial) JiUAS Say + A8ydat dday)

= |[n addition to benefits, there are also dangers
associated with using radioactive substances

dadial) 3 sall Jlaainds 2ot o HUadl as g3 43le 23) gall AalatyLs

— Uncontrolled exposure can cause damage to some
molecules in a living cell, especially DNA

Aall sl 8 iy Sl asy @Dl ) diD sl e (e peill g2 —
) Lall 4al4

— Chemical bonds are broken by the emitted energy,
which causes abnormal bonds to form

33L5 Jagl 5y (oSl (535 Loa Aingial) 28U Aland) 53 Aileasl Ja g 5l juSEi —
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2.8 Covalent bonds join atoms into molecules through
electron sharing

45 g8a () Lpdany <) L) J@J&Q@M\Q\J}\M
Lo La? il g AClY) aaldity €l g iy S

= A covalent bond results when atoms share outer-shell
electrons

s ool ol g il 8 cl Al @ i Levie Apaabodl) ddayl i Lis

= A molecule is formed when atoms are held together by
covalent bonds

 daablud oyl gy o o (pandl) Leann <l A Slulat Laba g Jad) oS5

PLAY  avimton: Covsent Bonds.
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TABLE 2.8

ALTERNATIVE WAYS TO

w.r.. éJh

&5 REPRESENT FOUR COMMON & Jadail
A MOLECULES datld cdsyia
- Electron- Space-
4gall | Molecular Distribution Structural Filling
A ) Formula Diagram Formula Model
TN dgaai Ay .
H; |/® f(@\. H—H
XL W Single bond
:\..ul.u z\.h.ib
O—O
O, Double
S gl bond
|
CH,
Methane H=— ? H
(e H
H,0
Water
sla
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Water
slall

Biological Molecules

4 gall iy ol

Inorganic

4 e s

Bases ACidS
ac) gil) galaal)

%
Salts
e

Organic
L gas




2.9 Unequal electron sharing creates polar molecules
S obuiia e (g S Al e Adalionall cliy Jadf i

= Water has atoms with different electronegativities
A HeSl) dnlul) 4abise &l Hd clal) elliay =
— Oxygen attracts the shared electrons more strongly than hydrogen
L) O sl ol (3580 5 58 A8 jiial) g KMV oS 5W) iy —
— So, the shared electrons spend more time near oxygen
O 9V (e o jally J dal U8 5 s g iSIY) cati 121 —
— The result is a polar covalent bond

daiioiall dranlocl) dday) ) & dagill —
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A water molecule
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2.10 Hydrogen bonds are weak bonds important in the chemistry

of life
BLal) pliass! dald ddumada Jayl g5 (A Al g ugd) Jayl gl

= Some chemical bonds are weaker than covalent bonds
Aaaaldll Jayl o )l e Caral ALl dagl g 5l cany  w
= Hydrogen, as part of a polar covalent bond, will share attractions with
other electronegative atoms

Al 5 ,AY) Al ae cladlail) anily o g ¢ Andafional) dpaalualll ddasl 1 (e o 328 ¢ gyl
A sl

— Examples are oxygen and nitrogen o syl s CpaaS oY) @l Jli

= Water molecules are electrically attracted to oppositely charged regions
on neighboring molecules

ld ) slaall el jadl e Aaadll Allaia 3haliall Ly 5eS clall iy ja udass

— Because the positively charged region is always a hydrogen atom, the bond is
called a hydrogen bond

Al g ogd) Aa 1 and Ayl o3 o (3llay 438 Cpm 5 353 Ladla () 5S5 anlill A e didail) GV 5 —
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Hydrogen bonds between
water molecules

slall Gl ja G dais 5 Hel) dal )M

()
Hydrogen bond { :
M.\AJJM A..EA\J (+)

+). . o(_)ﬁ
. ()

(+)
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WATER'’S LIFE-SUPPORTING
PROPERTIES

slall ac lall ¢l ailiad
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2.11 Hydrogen bonds make liquid water cohesive
laia Jilad) slall duia g jaed) Jag) g 1) Jan

= Hydrogen bonding causes molecules to stick together, a
property called cohesion

AM\AJ\ 52 =X ¢ \.@...aa_uc_ﬂ_u);j‘ d\.‘.a.\j\é:\_\.taj‘)m@\h\j)j\ ut) =
bl

— Cohesion is much stronger for water than other liquids
G AY) Bl gl b aie el 58 i elulall —

— This is useful in plants that depend upon cohesion to help transport
water and nutrients up the plant

clall Jdeb ) cilbdzall 5 elall Ja5 8 sae Lusall clulaill e aaied il bl agy 1y —
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2.11 Hydrogen bonds make liquid water cohesive
ulaia Jilaadl slall duiia g jagd) Jay) g 481 Jaas

= Cohesion is related to surface tension—a
measure of how difficult it is to break the surface of
a liquid

B A graa (el ulall — adad) 5gill ) clulaill aa yy w

Jud) medas
— Hydrogen bonds are responsible for surface tension

bl Sl e A guadl & dia g jnedl Jadl )l —
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Surface tension allows a water strider to walk on water

Al e el oLl A adandl il ans
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Adhesion (&<

Wat ducti \

#  Water-conductin

% cells ° ’;
5

slall Jaa g8 LDA

Direction
of water i

Movement
slall 48 ja ola|

Cohesion &l

Water Transport in Plants
cblall A el Jus
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2.13 Ice is less dense than liquid water
Jild) slall (pa 48UGS (8] L3l
= Water can exist as a gas, liquid, and solid
cla ol Jilu 5l S eld) angr o Sy

— Water is less dense as a solid, a property due to
hydrogen bonding

Taia 5 yuel) Tl 1 Laa ye A iy ¢ dulall ailla 8 A86S J8f oLl —
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2.13 Ice is less dense than liquid water
Jiladl lall (pa ABUS 3] 31

= \When water freezes, each molecule forms a stable
hydrogen bond with four neighbors

iy ol ge Bole Aiia g s Alal (e IS 055 slall ey Lexie
5slae Al

— A three-dimensional crystal results
MY 4S5y 5k @l peliny —
— There is space between the water molecules
slall Dl gl —
= |[ce is less dense than water, so it floats
slall (po AU Ji| 45Y &Ll gilay m
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Hydrogen bonds between water molecules in ice and water stall g il 3 4 5 3¢l slall Jayl g

Hydrogen bond

“w

Ice Hydrogen Liquid water
Bonds are stable Hydrogen bonds
A5 A g gl il Jayl g constantly break and re-form
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2.14 Water is the solvent of life
slad) cula oa slall

= \Water is a versatile solvent that is fundamental to life
processes

— lIts versatility results from its polarity
dipdad ) ) gall alanal 45 dpald 3 gty —

— Table salt is an example of a solute that will go into solution in
water

¢l ‘_;5 t._aj.m“ Lﬁﬂ‘ g\h.qﬂ d\_m EL e\.’.i::]\ CJA —_

— Sodium and chloride ions and water are attracted to each other
because of their charges

Leilind Cunay (anll Lpumnys slall g ) 5lSN 5 @ a3 gl iligol Jasi 5 —
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A crystal of salt (NaCl)
dissolving in water

(P52 3ma ) 5iS) mla s 5k,
ela u_°n YRR

|

~
lon in solution Salt crystal

Jstaall b il gl rda 5 s,

Copyright © 2009 Pearson Education, Ine




2.15 The chemistry of life is sensitive to acidic and basic

conditim}s
doac Al g dcaalad) Ci g all Al ladl gliass

= A few water molecules can break apart into ions
Y Jladll elall by ja (e il adaios m
— Some are hydrogen ions (H*) s s Cligl Lezan
— Some are hydroxide ions (OH") 4 5 <l 5 AV

— Both are extremely reactive  Jeldill pal LadiS

— A balance between the two is critical for chemical processes
to occur in a living organism

Taall S 3 Alasl illaad) ganl ol Y1 G o) Y —
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2.15 The chemistry of life is sensitive to acidic and basic
conditions

doae 8l g Auaalal) ci g Al duba SLad) liasS
= Chemicals other than water can contribute H* to a solution
Jslaall Gan 55 (sl Gt o (L) ) Gl slall udainss
— They are called acids
Lalaaf il gl o3 o —
— An example is hydrochloric acid (HCI)
Sy 5 el (mala ol Jhe —
— This is the acid in your stomach that aids in digestion
aagll e aeluy (35 sanall 8 2sa gall (malall 58 1 —

= An acidic solution has a higher concentration of H* than OH-

(OH-) 35Sl il 3 55 0o olef punand) Jgtaall & ((H*) comos el clisd 355
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2.15 The chemistry of life is sensitive to acidic and basic

conditim}s
doac Al g dcaalad) Ci g all Al ladl sliasS

= A pH scale (pH = potential of hydrogen) is used to describe
whether a solution is acidic or basic

U\S\J\uumj(u_u;i)m@\@\)pH@.\agJé.&GJ\ Y\UAL\AA Wy =
L;J.c\ﬁj\ Gm.a\;d)hd\

— pH ranges from 0 (most acidic) to 14 (most basic)
(T8 S )14 Gl (Apmala ST ) inall o o ltia 8 insovel) 01 £ —

— A solution that is neither acidic or basic is neutral
(PH =7)

(7 = iinsuel) ) maall i gaclally G Jobaial) Jsladll —
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3 1
H* i
- H*
H* OH 2
OH- H" H* 0%
oc
H* H* 58
<53 3
. — - >
s Jslaa | Acidic solutio 2’§ 3
.acg‘._
gg, 4
S
22
2
T — 5
— 6
_OH~
OH NEUTRAL | 7
H* H* OH" [H*]=OH"]
OH~ OH- e
+ H*
T — 8
i Jsas  Neutralsolution|
= — 9
T
0%
(=
L2 10
SEd
253

11
OH"™
OH" 12
OH™ H* OH-
oH-"OH™ 4 13
H' OH
51 Jsias | Basic solution| 14
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. pHscale
A gl oY) (ulia

Battery acid
@by oy aas

Lemon juice, gastric juice
barall 3 luas ¢ (el uac

Grapefruit juice, soft drink,

vinegar, beer
C IS e Gy B e

o il i JA
Tomato juice
(QLLQL Ias

Rain water Ui sla
Human urine =3 Js:
Saliva o«

Pure water la ¢
Human blood,

Tears
&}aﬂl ¢ g.ﬂ_\ﬂ (a-\-“ o

Seawater ~: sk

Milk of magnesia agssitall quls

Household ammonia
A e Gl 21 gl

Household bleach
A3l Gl 2V (e

Oven cleaner

Gl abiia

)

=

The pH scale represents
the relative concentration
of H+ and OH-
E2oou) ) ubia Jiay
Gl gl a8 5 o A8DMal)
LS g pgd) 9 O g g




2.16 CONNECTION: Acid precipitation and ocean acidification
threaten the environment
Al a3y cillaaall (haeat g pdaaad) o i) ;A dday)

= When we burn fossil fuels (gasoline and heating oil), air-polluting
compounds and CO, are released into the atmosphere

2l Ay sall gl e (A8l g gal g Jall ) (o s8a) 2 @5l § )at Lavie w
gsall Ol ) s S

— Sulfur and nitrous oxides react with water in the air to form acids
uahig;iﬂ;\;@\@;bd\@qﬁﬁ\jﬁ@\ J,p.n\S\ d.c& —

— These fall to Earth as acid precipitation, which is rain, snow, or fog with a
pH lower than 5.6
A g oua b claall g Bl 5 JUaal) JBA (e dpdaas il 88 G )Y ) (alead) oda bugd —
5.6 (»

— Additional CO, in the atmosphere contributes to the “greenhouse” effect
and alters ocean chemistry

aallcnl” ) aale sl G ) 0 s SIS 5 U e 2 dall L) —
Gl sl (o g LS (Raala 3V &y paall o) 40801 L300 Lyl i jay)
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You should now be able to b la dad e (Y1108 0 6< of and

1. Describe the importance of chemical elements to living organisms
Aaal) BISH Al juslial dyaal 2 5d 1
2. Explain the formation of compounds
LS pall (585 48y Hha 7 552
3. Describe the structure of an atom
3, S i - 4.3
4. Distinguish between ionic, hydrogen, and covalent bonds
raaloll 5 dia 5 el 5 A 0¥ Jad 50 (e Gl 4
5. List and define the life-supporting properties of water
sLall dacaall clall ailiad Cay jei s 2axd 5
6. Explain the pH scale and the formation of acid and base solutions
Laelal g dpmenll Jllad) 0S5 A8) 5k s g suel) (V) Jbea g 5 6
7. Define a chemical reaction and explain how it changes the composition of matter
Balall S il o s A€ = iy SlasSl) Jeldil) oy 1257
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