GENERAL CHEMISTRY ©

SUMMARY
FROM CHAPTER [ TO0 5

/t.

//
>

="\

l

[
/



Rules for Counting Significant Figures:

1. Nonzero integers always count as significant figures

2.closses of zevos:

a. (Leading zeros) are zeros that precede all the nonzero

digits. These do not count as significant figures

b. (Captive zeros) are zeros between nonzero digits. These

always count as significant figures.

¢. (Trailing zeros) are zeros at the right end of the number. They are significant
only if the number contains a decimal point.

Accumcy

- Nearness of the measurements to the true value.
Precision

- Nearness of the measurements to each other.

o [k=Tc+273
olc=TK_273

o [(=(TF-32x5/2
o [T=Tx9/5+32
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= The atom contains:

\-Electrons: Found outside the nucleus: negatively charged.

2-Protons: Found in the nucleus; positive charge equal in magnitude to the electron's
negative charge. (p=e >neutral molecule)

3Neutrons: Found in the nucleus: no charge; virtually same mass as a proton.

nucleus is:
= Small compared t0 the overall size of the atom.
o Ex’rreme\y dense; accounts for almost all of the atom's mass.

\SO‘\'OPQS:

= Atoms with the same number of protons but different numbers of neutrons.

= Show almost identical chemical properties; the chemistry of an atom is due to its valence
electrons.

* In nature most elements contain mixtures of isotopes
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Ais the mass number (p+n) ~ Massnumber
Zis the atomic number () avomic number—

“X «<— Element symbol

Types of Chemical Bonds:

1-Covalent Bonds: Bonds form between atorms by sharing electrons to form molecules
ebetween non-metals

estrong

oit's decided 10 polar(change in E-V>03)non-polar(same element or E-V<0.5) covalent Bonds
2-lonic Bonds: Bonds form due to force of attraction between oppositely charged ions
eBetween metal + non-metal

Definitions:

= lon::atom or group of atoms that has a net positive or
Negative charge. (poly atomic ions co3-2)

= Cation: positive ion; lost electron(s).

= Anion: negative ion; gained electron(s).



Periodic Table of the Elements

Atomic Number —s
Name —»
Electrons per shell —
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eGroups or Families: Elements in the same vertical columns; have
similar chemical properties

*Groups like: Alkaline metals, alkaline earth metals, Halogensnoble
gases.

M Alkali metals M Lanthanides Metalloids

ePeriods: horizontal rows of elements ™ Alkaline earth metals ™ Actinides " Reactive nonmetals
" Transition metals " Post-transition metals Noble gases



* G IA : +1 charge, Nat, Kt, Cs+ (1)

» GlIA: +2 charge, Mg2+, Ca2+, Ba2+ (2)
» G lIIA: +3 charge like AlZ+ (3)

» G VIIA: -1 charge, F~, Cl=, Br=, 1= (7)
 QVIA: -2 charge, O=, 5= {6)

= GVA: -3 charge, N-3, P-3 (5)

= Binary Compounds:
= Composed of two elements (covalent and ionic)

BNAMING COMPOUNDS: (-
A-Binary ionic Compounds {type one 1)
eThe cation(the name of the positively charge ion) is always named first and the anion
second (Root+IDE)
ethe cation has only one positive charge
B-Binary ionic Compounds {type two |1}
eMetals In these compounds form more than one positive charge (FeCupbSnHg)
eCharge on the metal ion must be specified.
eRoman numeral indicates the charge of the metal cation A, I, 1ll, IV, V, VI, VIIVILL, 1X, X)
ecompounds containing polyatomic ions (cation + anion with ate or ite)



ecg Of po\ya’rom'\c ions :

# NH4+ ammonium

# OH- hydrox'\de

# SOY-2 sulfate / SO3-2 sulfite

# CO3-2 Carbonate / HCO3-1 bicarbonate
# PO4-3 phosphate

# NO3-1 Nitrate / NO2-1 Nitrite

# cr207-2 dichromate /CrO4-2 chromate

# CN- cyan'\de

# CH;COOH Acetic acid / CH,COO- acetate

C-Binary Covalent Corpounds (Type IID) :
eThe first element in the formula is named first
eThe second element is named as if it were an (anion+DE)
ethe numbers of atoms present (mono, di, tri, tetra, penta, hexa, hepta, octa, nona, deca)
eThe prefix mono- is never used for naming the first element



Average mass of an object
e12C is the reference for atomic masses > Its atomic mass is exacﬂy 12
atomic mass units @.w
eThe ratio of the mass of an isotope found by ( mass spectrometer )
eaverage atomic mass = X (atomic mass)(aboundancy)
03929 duwd x ydii IS ALS
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10 isolate isotopes and find their masses
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m 1 mol of any substance or element = 6022 x 10723 atoms

m 1 mol of an element = 6022 x 10723 = atomic mass

m 1 mol of a compound = 6,022 x 10123 molecule = molar mass
m 1 mol of C =6.022 x 10r23 atoms = atomic mass = 1201

B molar mass = (N x atomic mass) of each atom

eMass percent of an element:

oMASS% = mass of an element / mass of compound x 100%
eHow many grams of —_ ina _grams of = %0t mass of an atom x grams of
molecule

Balancing Chemical Equations:

) The number of atoms of each type of elementimust be the same on both sides

) balanced equation tells us the number of moles of each of the reactants and products.
» MASS of products = MASS of reactants

) Coefficients are usually given as lowest integer multiples (3550 buusl)

Y used to relate any reactants and produc’rs ’roge’rher oY reactants ’roge’rher oY
productstogether ( moles or masses )



oNOTE : IFTHE QUESTION DETERMINE HOW MANY'GRAMS OR MOLES OF A REACTANT OR
A PRODUCT TO REACT OR TO PRODUCE A SUBSTANCETHERE IS NO NEED TO DETERMINE
THE L-R

Limiting reactant (L-R) :

— the reactant that'runs out first and thustlimits the amounts of products that can be
formed.

— THE EQUATION SHOULD BE BALANCED

— A. Stoichiomettric mixing NO L:R) : (all reactants are consumed and converted into
products)

— B. None-stoichiometric mixing : (there is an excess reactant and limiting reactant)

— When the reaction is [111 the LR is the reactant with lower number of moles

— [Mixing of reactants so we should think of LR + VWhen grams or moles of both
reactants are known

oPercen’rage Yield
Y indicator of the efficiency of a particular laboratory
) Percentage Yield = experimental(actual) mass / theoretical mass (g)



Agueous Solutions have a :
Solute: Substance being dissolved
=Solvent: Liquid water
eg : Electrolyte(saltbaseacid) : The substance that when dissolved in water produces a
solution that conducts elec’rr'\c'ny (+ve and-ve ions are formed in water ()
) A- [Strong Electrolytes): completely ionized in water (100% dissociation) ¢ HCLNACLMgcl2)
) B- [Weak Electrolytesk:small degree of ionization in water

) CINonelectrolyteslno current flows Dissolves but does not produce any ions (sugar

eConcentration :

-Molar'\’ry = n/v(D

concentration of an ion = n of the ion x concentration of the strong elec’rro\yte
eDilution :

the process of add'\ng water t0 a concentrated or stock solution (fo decrease its
concentration M)

+the number of moles CONSTANT
- Ni=nf ) MW = MWDF
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* TYPES OF REACTANTS %

*A_Precipitation :

-how 1o know > one of the products is insoluble (ppt)
- Rules for Solubility :

soluble insoluble

NO3- salts Cl-Br-)- and Ag+pb+2Hg2+2
-group 1A alkali metals salts -SO4-2 with Ba+2Ca+2Hg+pb+2
NH salts ‘OH-CO3-2CrO4-25-2PO4-3

‘most Cl-Br-\- salts

‘most sulfate salts SO4-2
OH-, 5-2, CO3-2, CrO4-2, PO4-3
with NH /1A group cations)

-Before you solve any question ) there should be a balanced equation (molecular eq)
‘Equations » /molecular (has only molecules)

Yaonic (has ions and spectator ions)
) et ionic (has only the participant ions / spectator ions are removed

NOTE : INSOLUBLE MOLECULESSTAY IN ITS MOLECULAR FORMULA (don't convert to
ions)



*B_Acid-Basic reactants :
-’rhey are Exothermic reactants (produce HEAT &)
-’rhey are Neutralization Reactions (produce WATER ()

*C_Oxidation-Reduction (Redox)
How to know > one or more electron transfer
‘Rules for Assigning Oxidation States (exceptions) :

) Oxygen = -2 in covalent compounds (except in peroxides (s3I s8) where it = -1)
H202.K202NA202)

) Hydrogen = +1 in covalent compounds (except in hydrides, -1 (hydrides are a metal from
1AZASA + H)

Y Fluorine = -1 always

) oxygen with fluorine is (+) as in (F20 its +2)

lons are formed upon the electron transfer

‘Oxidation -increase in oxidation state, it happens by loss of electrons) (Reducing agent)
‘Reduction -decrease in oxidation state it happens by gain of electrons) (oxidizing agent)
‘the equation is divided to oxidation half and Reduction half > then the electrons & should be
the same in both halfs to add them together

‘NOTEremove the spectator ions from the equation



oPmperﬂes of gases:

Tempepatupe
eUniformly fill any container and take its shape. |
#Easily compressed n dl
+Mixes corpletely with any other gas. calculdtions
oL xerts pressure on its surroundings. should be at

eMeasurement of Pressure:

-atmospheric By (barometer) kelvin

-gas confined in a container By (manometen)

-p=Fforce / area > (N/m2)(pascal/pa)

‘Pressure Conversions :

1 atm=101.325 kpa = 101325 pa = 101325 bar =760 mm Hg =760 torr =147 Lb/in2

e\Variables affecting the state of a gas:

Temperature (1) in kelvin (d'\recﬂy with volume)

Pressure (P) In atm (inversely with volume)

Volume (V) in L

Number of moles (n) in mol (directly with volume)

‘deal gas low > PV =nRT, R(constant = 008206 L-atm/mol-k)

Y ifnis constant PVMi=PVMf
Y if P+n are constant (VMDi=(vV/MF

Y i€ T+n are constant PV)i=PW)f
CHAPTER 5



¥ SMV ) n=1mol, T =0c’=273K , P =1atm , V=2224L (dmol under STP)
¥ STP » T=0c°=273k , P=latm
Ywe can calculate (dens'\’ry d , molar mass mm) from :
mm = dxRxT/P (gram/moD
«d = Pxmm/RxT (gram/L
Pif there is a mixture of gases IN THE SAME CONTAINER(V1=V2=V3)(under the same
conditions V.and M :
Ptotal = P1+P2+P3 .. or Ptotal = ntotalxRxT/V
¥if there is a CONTAINER VWITH A VALVE :
.count n of each side before the valve is closed > then find ntotal > Vtotal is the sum of
the volume at both sides > then find Ptotal

‘Ptotal will be larger than P in one side and less than P in the other side (in the middle of
both P)



&Chemical Equilibrium :

‘Describes reactions thatdo not go to completion (- forward / — reverse )

-the concentration of products and reactants stay constant with time

-equilibriut is dynamic

-at t=0 (initially) concentration of products equal zero (before equilibrium is reached)

-After equilibrium is reached, none of the reactants or products has a concentration of zero
at equ'\l'\br'\um > forward rate=reverse rate (have the same speed)

‘the Speed of forward rate decrease due 10 decreasing of concentration of reactants (with )
‘the Speed of reverse rate increase due to increasing of concentration of products (with )

Forward
rate

Reaction rates

Equilibrium

f
L

Reverse

:
1
1
[ |
1
rate : Forward rate = Reverse rate
[ ]
1

Time >
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& quilibrium constant { K J:

) K=lof productsito the power of their number of moles/lof reactants) to the power of
their number of moles

‘When the balanced equation for a reaction is multiplied by a factor (@ the new K is the
original K to the power of the factor ) Knew = (KoriginaD*a

K is written without a unit

‘K value change ONLY when thefemperature is changed

-when the substances are gases it's called (Kp)

) Kp =(P of products) to the power of their numbert of moles/(P of reactants) to the power
of their number of moles

e\\Ve can calculate Molarity from ) M=P/RT

ewe can calculate Kp from Ke(K) ) Kp=Kex(RDAAN (An=n products - n reactants)
QKC=KP/(R'DAAH

BAN is Negative ) Kp<K MAN is positive Kp>K BAN=ZERO Kp=K

ethere are two types of equilibrium :
“homogeneous equilibria (products and reactants have theisame phase)(like gas with gas)
2Heterogeneous Equilibria (products and reactants have different phases)(gas with solid)



NOTEequilibrium does not depend on the amounts of pure solids or liquids present because
thelr concentrations areconstant ethey are removed from K constant law

*if Kvalue >Tequilibrium of the reaction system consists of mostly products (lies to the
right -)

*ifKvalue= equilibrium of the reaction system consists of mostly reactants'(far to the
left =) (ho significant extent)

*if Kvalue =1 (equilibrium of reaction system consists of both reactants and products
S0% of each reaction)

BQ (Quotient):
used when all initial concentrations (reactants and produc’rs) are NoN-zeros
it share the same law with K

Q=K at equilibrium

@>Ki(The system shifts to thedeft=After equilibriun) Consuming products and forming
reactants (CMelall S oddl oo ged)

Q=Ki(The system shifts o the fight=Before equilibrium) Consuming reactants and
forming products (z5lsdl 8 saddl (o gnd)



BMCALCULATIONS :
11F the question gave the nitial concentrations of REACTANTS and the concentration at
EQUILIBRIUM > first we will look if (Q>K of Q<K)
1f Q<K ) Subtract the equilibrium concentration from reactants and add it to products
(&1l 355 ) anaxly OMeladl o 3531 355 zok) then find K
1f Q>K ) add the equilibrium concentration to reactants and Subtract it from products
then find K (EMlelaill 3555 I anaxly adledl o ¢l3531 3555 241D
2:IF the concentration of equilibrivm unknown (K MUST BE KNOVWN) assume the
concentration of equilibrium is OO then follow the same steps in the top # 1o find X
S lele ldhal ey &l @dll (1o 3u>lgg dslaall Jousg Jogo &l oy > Gl 3555 o )
(§huall
sao goluy ilell Jlawdl 3.853:3B< Q 53 ey @ e

mlLe Chatelier's Principle
If a change is imposed on a system at equilibrium, the position of the equilibrium will shift
In a direction that reduces that change
Effects of Changes on the System :
1-'Concentration: the equilibrium will be shifted to the opposite side of the addition
(oddl dg> oy ol Lol deod duSlaall dgadl gl andYl dgadl 135Y1 = s)
K value constant



2°T¢ emperature:
‘K value will change

- It's devided to ) Exothermic reaction': energy is‘produced (heat with products (AH<O -)
in Exothermic reactions the relation between K and T (reverse relation)

) (Endothermic reaction : energy is a reactant (AH>0 +)
in Endothermic reactions the relation between K and T is a (direct relation)

5oL S of Bylyndl dmys 8 ol dga I o3l aslil @i .

3-Pressure at constant temperature Lvolume pressurel
if the phases are gases

-the equilibrium is ‘shifted to the side with the least number of moles

(Odgo sae 18341 dgadl JI o133l 215)
NOTE : |[F THERATIO 1S 11 THE INCREASE OR DECREASE OF PRESSURE WILL NEVER
CHANGE THE EQUILIBRIUM POSITION (n products = n reactants)
K 1S constant

4. Addition of inert gas does not affect the equilibrium position

(o139 g8ga S s ¥ Jeladl 8 Aylin y& oyls 5l Slo)
K is constant



eAcids and Bases:
+ STRONG acids and bases lonization equilibrium lies far to the right
- WEAK acids and bases lonization equilibrium lies far to the'left
‘The weaker the acid The stronger its conjugate base wS<lls
‘Water is amphoteric (Auto ionization) :Behaves either as an acid or as a base
-pH changes by1 for every power 0f 10 change in [H+)
dogasdl d>ya (B daxlg doys Babyy oy lda oyaally aslg yladay (o ggad! o2l 3555 ol 131 ooy
Sl
‘The numbey of decimal places in the log is equal to the number of significant figures in the
original numbey (eg [H+1=214x102-5 2sf > pH =462 2 numbers after the decimal point)
if' the acid or the base is'strong the major species are (the conjugate base or acid + H+ or
OH- +H20)
if the acid or the base is weak the major species are (the acid or the base +the conjugate
acid or base + H20 + H+ or OH-)
‘Kw is neglected due 1o its low value compared with Ka or Kb
‘the concentration of OH- OR H+ from the water is neglected due 1o its low value compared

with the concentration from the acid or the base
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e The Effect of Structure on Acid-Base Pmperﬂes :

) factors for acidity in binary compounds:

‘Bond Polarity (high is good) high AE:N stronger acid

‘Bond Strength (low is good)

‘length of the bond (short is good)

repulsion between the electrons and the high E:N ator like HF (ow is good) sssl s8L5 st

-the acid that has a oxygen atoms (oxyacid) (more O atoms attached to the centeral atom
stronger acid)

‘H-O-X (oxyacid) The greater the ability of X to draw electrons toward itself, the greater
the acidity of the molecule

*OXIDES DEVIDED TO
1.non-metalic oxides » ‘rhey have an acidic affect (like SO2N0O2C02)

when ‘rhey react with H20 ‘rhey produce acids (SO2+H20>H2503)

-O—Xbond is strong and covalent will remain intact /H=0 bond is weak it will break and
release H+

2/metalic oxides ) they have a basic affect like (k20 Ca0)

-when ’rhey react with H20 ’rhey produce a base (k20 + H20 >KOH)(CaO+H20 >Ca(OH)2
strong base )

-0O—=X bond is ionic it will break (X has low EV)



mlewis

‘Lewis acid may be a cation A+ or a neutral but it has a (vacant orbital g3t <ls) (such as B)
most of the time it's metal with positive charge (metal cation)

‘Lewis base may be anion B- or neutral with a lone pair of electrons (such as FON)

Model Definition of Acid Definition of Base
Arrhenius H™ producer OH ™ producer
Bronsted-Lowry H* donor H™ acceptor

Lewis Electron-pair acceptor Electron-pair donor



&Common lon Effect:
-Shift in equilibrium position that occurs because of the addition of an ion already involved
In the equilibrium reaction
-An application of Le Chateliet’s principle
if we add a basic salt to an acidic solution the equilibrium will be shifted 1o the left
(yoaxdl 3555 (S8 yodig ddlsall dacldl 3543 8 3aLs3)
if we add a acidic salt to an acidic solution the equilibrium will be shifted to the right
(dddlsall Bucldll 1543 (S yodig yowsdl 3555 8 8aL3)
if we add a basic salt to a basic solution the equilibrium will be shifted to the right
(dacldll 3555 8 oulijo §81all jouadl 3545 (5 odi)
if we add an acidic salt to a basic solution the equilibrium will be shifted to the left
(3815all (oaxdl 3555 (8 osbijg dacldll 3545 (& odl)
Jdsg joaadl 3555 Wk owl o o dwse JI Jhsg acgi i JI 3855wk el élo] (oo
dacldll LSy
&Buffered Solutions:
‘Buffer solutions resist a change in pH.
it's either A weak acid and its conjugate base OR A weak base and its conjugate acid
‘For a good buffer both components should be of high concentrations

-enderson-hasselbalch equation ) PH =Pka +log(A-VIHAD or PH=Pkb + log((HB+)/[B)
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oh+ reacts to completion with the‘weak base
oOH- reacts to completion with the'weak acid
®AS long as this ratio remains v'\r“rua\ly constant the pH will remain v'\r“rual\y constant
because HA and A- or B and BH+) are large compared with amounts of H+ or OH- added.
Blol go i wull i3 dogasdl doys dull wSall gl dadlall sacliy pasd! (o dwddl calslo s
Baclall ol (oasdl 3845 2o &ylio e ybo sacldl gl jowadl (o Blowl 1S5l LY c98 jow> gl Bacls
Lol
(Buffer capacity) ss>9 Sle s 11age
pooug dac ebuall Joloall sday b s e Blaall &gl Sucldll ol godll ousdl 38455 ol3 131 &l gl
ol dogandl do-ys Ad Ay
eBuffers Resist dilution
etitration : _
‘Plotting the pH of the solution being analyzed as a
function of the amount of titrant added 4 fitrant : known
‘Equivalence (Stoichiomettic Point - point in the v zz::* C;n;\flxotmwn
titration when enough titrant has been added to react
exactly with the substance in solution being titrated
‘Marks the end point of a fitration by changing color analyte : known
-The equivalence point is not necessar'\ly to be Zz&gi f;’:ol;nkmwnw =g
same as the end point (but they are ideally
as close as possible)

ll
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Yindicators:
1+ Phenolphthalein : colorless in acidic solution and pink in basic solution
2:Methyl Orange : Red in acidic solution and yellow in basic solution

oPheno\ph’rha\e\n oMeThy\ Orange

[. acidic ]




