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Rules for Determining Significant Digits Py

. When 0’s are between significant figures, 0’s are always significant. (01 vv X
. When the measurement is a whole number ending with 0’s, the 0’s are never significant. 340

. When the measurement is less than a whole number, the 0’s between t{;exdgciylal and other
significant numbers are never significant (they are place holders).  0.00Z

4. When the measurement is less than a whole number and the 0’s fallxaﬁer \}he other
significant numbers, the 0’s are always significant. .00 ‘?:3

S. When the measurement is less than a%vlgqje and there is a 0 to the left of the de¢imal, the O

1s not significant. N1
6. When the measurement is a whole number but ends with 0’s to the right of the decimal, the
0’s are significant. 2.0 300
7 * Ve vvv

Rules for Reporting Significant Digits in Calculations

Rule 1: Multiplying and Dividing 25% b = WD |

The value with the fewest number of significant digits, going into the calculation, determines the
number of significant digits that you should report in your answer.

. Rule 2: Adding and Subtracting

The value with the fewest number of decimal places, going into the calculation, determines the
number of decimal places that you should report in your answer

Rule 3: Rounding

To get the appropriate number of significant digits, you may need to round your answer.

If your answer ends in a number that is greater than S, round up. For example, 3.456 can be
rounded to 3.46, 2.3451 can be round to 2.35.

If your answer ends with a number that is less than S, round down. for example, 1.234 can be
rounded to 1.23.

If your answer ends with exactly 5, round to even. For example, 2.345 can be round to 2.34, but

2.375 is rounded to 2.38. DD VP QULE \‘
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Standard atomic notation
P+ N = Awwic matt

is the mass number, A.

This is the atomic number, 7.

X is the symbol of the element.
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Periodic Trends

The total number of protons and neutrons in the nucleus of an atom

Each element has a characteristic number of protons in the nucleus.
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Unit 2: Chemical Rez

‘ Q 1. Synthesis Reacti
4Fes) + 302 -
2H2(g) + Oxg) -
2Nag) + Clag -

SO+ HaOq

* CaO(s) + HZO(l‘j
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1. Synthesis Reactions (AKA combination or formation reactions)

4Fe + 302(g) — 2Fe;035) en a metal or a non-metal element reacts with bXygen, the
2H;(g) + Oxg) — ZH,0) kj’?‘f«cl is an oxide. €= WWN (UMA w OX\P)M\
2Nay) + Clyg — 2NaCl) metal and a non-metal reacts to form a binary compound.

4\ SO}(g) + HzO(l) - H2504(aq) When a non—mctullmidc reacts with water, the product is an acid.
* CaOg) + H2Oqg) — Ca(OH)mq) When a metallicf.nﬁie reacts with water, the product is a base.

2. Decomposition Reactions
2MgO¢) — 2Mg + O20) ot eeeeeeeeeenenan

2NaNOs(s) — 2NaNOy) + Oy

A bina%pound decomposing into its elements.

A metal nitrate decomposing into a metal nitrite and oxygen gas.

MgCOs(s) — MgOy) + COxq) A metal carbonatd-decomposing into a metal oxide and carbon dioxide.

CaSO4(s) =% Cao(s) * SO}(g) ......................
Cu(OH)z(s) — CuOg;) + H20g,
2KC103(5) - 2KC](S) e 302(8)

3. Combustion Reactions
Complete Combustion ~ CHyg) +202(g) — COxg) +2H20g)

¢  Complete combustion involves: Fuel (hydrocarbon) + oxygen — carbon dioxide + water

Incomplete Combustion CHj + —;—Oz(g) —CO+2H0 + W, t (

¢  Too little oxygen leads to an incomplete combustion reaction.

¢  Carbon monoxide (and other products such as CO, and C) is produced.

4. Single Displacement Reactions
One metal displacing another metal from a compound: (Three kinds)

/" One metal replaces another metal in an ionic compound.
Cugs) + 2AgNO3aq) = Cu(NO3)2aq) + 2A8(s)

2/ A metal displaces hydrogen from an acid, creating hydrogen gas.

J/\"g@ + 2HClag) = MgClag) + Hagg)
/" A metal displaces hydrogen from a water molecule, creating hydrogen gas. ]

2Nags) + 2H20q) — 2NaOHaq) + Ha g

Vo 4+ HOM 3> vaor + K, ,R, Metal Activity Series —
Single Displacement Reactions Involving Halogens £.0- o mukal wil
Clyg) + CaBraag) — CaClyag) + Bryg) ohia ocuuwe whvn L
Halogen Reactivity: F>Cl>Br>1 Single Stumd) motul 3
HIGH R on wno

A metal sulfate decoml‘)oy/mto a metal oxide and sulfur trioxide.
A metal hydroxid&decomposing into a metal oxide and water.

A metal chlorate decomposing into a metal chloride and oxygen gas.

Li
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Rb

K
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Unit 2: Chemical Reactions (Page 2 of2)
5. Double Displacement Reactions

Double Displacement Reactions that Form a Precipitate

MgClyaq) + 2KOHsq) — Mg(OH)z() + 2KCl(ag A solubility table can tell which compounds
is insoluble and becomes a precipitate

Double Displacement Reactions that Produce a Gas
Na;CO3(ag) + 2HClaq) = 2NaClag) +(H2CO3(aq) !4———%id + Carbonate CompoundJ
But H,CO5q is unstable and decomposes to carbon dioxide and water as shown.
HzC030aq) = H20q) + COxe) -
Overall. we can write this two-step reaction as follows:
Na2C03(aq) S ZHCI(aq) = 2NaC1(aq) + HQO(I) + COz(g)

Ca803(aq) + ZHCl(aq) — CaClz(aq) jE HzSO;;(aq) l 4————-‘ Acid + Sulfite Compound ‘
But H;S03q is unstable and decomposes to sulfur dioxide and water as shown.
H2803(9 — H20q) + SOxg) The name of HySO3g) is sulfurous acid
Overall, we can write this two-step reaction as follows:
CaC03(aq) + 2HC1(aq) = C&Clz(aq) + HzO(l) = SOz(g)

/
NH4Cl(aq) + NaOHag) —{*NH_:(—);I—(J + NaClg) <—Lr Base + Ammonium CompoundJ

But NH,OH,,, is unstable and decomposes to ammonia and water as shown.
NH4OHg) — H20q) + NHsg)

Overall, we can write this two-step reaction as follows:
NH4Cl(aq) + NaOH<aq) 2 NaCl(aq) it HzO(l) + NH}(g)

7¢ Formation of Water in a Neutralization Reaction

HCl(ﬂq) * NaoH-(aq) g HZO(I) g5 NaCl(aq)
HNO3(q) + NaOH — H,O, + NaNOs,q)

When an acid reacts with a base, water and a salt and/or gas is produced.

Particles involved in different types of Radioactive Decay
4 %
2He :alpha particle fjn . neutron _(i € : beta particle ;p or ;H . proton
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Quantities in Chemical Reactions (Page 1 of 1) cener -5 E [ = o
Equati o al MM e
quation Variables Name
m,, = fim + f.m, + .. Mqy, = average atomic mass u Average atomic mass
/i = relative abundance of isotope 1
m, = atomic mass of isotope 1 u
/> = relative abundance of isotope 2
m, = atomic mass of isotope 2 u
N N = number of representative particles Avogadro constant
N=n-N, (atoms, molecules, formula units)
n N, n = number of moles
N, = Avogadro constant (6.022 x 107)
- m = mass of sample g amount
m=n-M »n = amount (# of moles) ~ mol and
Q y M = molar mass g/mol molar mass
miass Yol X= Massy 1009 | MAaSSY T mass of element X g percent composition
MasS mpound MASScompound = Mass of compound g
% yield = aclugl ylel.d «100% actual yleld ‘ g percentage yield
theoretical yield theoretical yield g _}
The Mole Map
; Liters (L)
t‘fters (Lt) grams (g) grams (g) ofgas at
gasa STP
sTP
s X X + Molar I\':olar X| |+ o
ass
Standard Molar Mase Stan\;i;:ﬁnl\:dar
Volume (22.4L/mol)
(22.4L/mol) P - S
Equation % MOLE i
<~ > Substance
" X Solution
Solution Molarity
Molarily = =+ | [xAvogadro’s Avogadro’s+| | X ~ X
A ’ . number number
Liters (L)
Liters (L) molecules / atoms molecules / atoms of solution
of solution (aq)

(aq)
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Name

Variables

Equation
1 n ¢ = molar concentration mol/L or M | Molar concentration
e v qv n = amount of solute mol (AKA Molarity)
J = volume of solution L
.. n molality m Molality
molality = o n = amount of solute mol
m = mass of solution kg
Mass/volume percent
Yo(m/v) = mass of solu.te (2) 100%
volumeof solution (mL)
Mass/mass percent
%(m/m) = 2SS of solqte ® . 100% -
mass of solution (g) o solution (by mass)
olumeof solute (mL) Volume/volume percent
Y%o(vIv) = —2 x 100% i
S volume of solution (mL) ° % solution (by volume)
_ mass of solute 6 mass of solute xXg Parts per Million (ppm)
ppm = —— X% 10 50\ OT —= i .
mass of solution 113 mass of solution 10° g of solution
_ massof solute 5 mass of solute xg Parts per Billion (ppb)
ppb = —x10 pp OF — = — :
mass of solution mass of solution 10” g of solution
Concentration and

K (density of solution)(percentage of solute by mass) . .
Molar mass of solute density of solution

Diluting a solution

(&) V] =C l’z
_ IExperimcntal Value — Actual Valuel
r= x 100%
Actual Value

Density of water: 1kg/L = 1g/mL Percent(age) Erro

Compounds of ions with small charges tend to be soluble.
Compounds with large ions tend to be more soluble than compounds with small 1ons.

Table The Calour of Some Common lone in Acteotis Solution Table The Flame Colour of Selected Metallic lons
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The Arrhenius Theory of Acids and Bases |
- An acid is a substance that dissociates in water to produce one or more hydrogen ions, H. Hc'(a)‘3 @0 ﬂ'l(-
- A base is a substance that dissociates in water to form one or more hydroxide ions, OH .

NeLOH i > Ny ¢ {‘)

The Bronsted-Lowey Theory of Acids and Bases
- An acid is a substance from which a proton (H" ion) can be removed.

' 4
- A base is a substance that can remove a proton (H' ion) from an acid. Ly W)
AP BhEasY ﬁﬂlg?““ P
HOL & W,0 G Ry LI VA B oy o)

. \—Md_”/ Loy
Table Comparing the Arrhenius Theory and the Bronsted-Lowry Theory

Theory Arrhenius Brensted-Lowry
Acid any substance that dissociates to any substance that provides a
form H" in aqueous solution proton to another substance
Base any substance that dissociates to | any substance that reccives a proton
form OH ' in aqueous solution from an acid
Example HCliag) > H' (i) + Cl gy HClg) + H:0g) = H;0 (o) + Cl (o)
e m———E

The seven strong acids:
hydrochloric acid, HCIV
hydrobromic acid, HBr ¥
hydroiodic acid, HI v
nitric acid, HNO; vV
chloric acid, HCIO;
perchloric acid, HCIO4
sulfuric acid, H,S044/

Common strong bases:
1. sodium hydroxide, NaOH ~
2. potassium hydroxide, KOH ~/
3. calcium hydroxide, Ca(OH)z“/
4. strontium hydroxide, Sr(OH), ~/
5. barium hydroxide, Ba(OH); /

Litviium \»\.Sdmf\dx Li OH

N B Lo B e

pH = —log[H s '] 10
pOH = - log[OH’ (uq)] [OH_(aq)]Z-' 10-PH
pH + pOH = 14 '
weh Bids w et byt
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The kinetic molecular theory of gases makes the following assumptions:

ned Mﬁw

Al 2N, Ay
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- The volurmie of an individual gas molecule is negligible compared to the volume of the container
holding the gas. This means that individual gas molecules, with virtually no volume of their own. arc
extremely far apart and most of the container is “empty” space.

- There are neither attractive nor repulsive forces between gas molecules.

- Gas molecules have high translational energy. They move randomly in all directions, in straight
lines.

- When gas molecules collide with each other or with a container wall, the collisions are perfectly
elasti_c. This means that when gas molecules collide, somewhat like billiard balls, there is no loss of
kinetic energy. T & AV Wit eyl ok s

- The average kinetic energy of gas molecules is directly related to the temperature. The greater ﬂ?"
temperature, the greater the average motion of the molecules and the greater their average kinetic

: ot Changee
energy. KA vl o) vovy Ly speedk 0€oyus p&f -
T 1 d’(ngd @ kelin Temp-
Equation Variables Name Vel —\'; |
PV =Bl P = Pressure of gas (either kPa or atm) p—_ Boyle’s law (wowwe ¥ preaw)
. Butdo ot poonte U E ;
{/_} _ _’; V= Volume of gas (L)f Atk relate fo A99 winehe Ch(arlcs S la:’\" whee) TV
4 ___?_3 T = Temperature in E:c__v_i_n—(_K) e""’"f)‘ﬁ LW"\P) 4
/ K - mM d"“ " 7

K P _ .0 RN ove . | Gay-Lussac’s law T
ull n = amount (mol) N ne\) P
. T TN (pressu b olumd)

! = R = gas constant = 8.314 kPa-L-mol K" , or : ‘
A _Ah has, 1 combined gas law .‘
— 2 S = 0.08206 atm-L-mo]:K .

d z M=molar mass | PV:n@ o !

v, ¥, [Q: ey : Avogadro’s Law |
— m = mass (g) Bt~ ke i (Wi # webs)
= e d = density (g/L)
REERTY - u—( ideal gas law
PVM =mRT
PM = dRT
M i | /4 d = density Pm density
sz ’ Lm:; M = molar mass d_'—' M
& V,, = molar volume RT
: A n Voo B, VNgas Dalton’s law of partial
Ria SPAEPEEY. P bax—2=P s ¥, e pressure
total thal p’b‘\ﬂ\ N i V‘H"\
[K] = [°C] + 27345 [K]: Kelvin, [°C]: degree Celsius : 1L = 1000 cm’ Ceoli
| standard atmosphere 5|1 atm = 101.3 kPa § 760 mm Hg = 760 torr = 14.7 lb-in %, Dz Loy K,'& X o, ?}A ®
L —
STP: P=101.3 kPa, T =273K: At STP, volume of | mole of gas =224 L
SATP: P=100kPa, T =298 At SATP, volume of 1 mole of gas =24.8 L
1 mole of gas containg 6.02 x 10* molecules of the gas.
Povsoiine = Prelative ¥ Pulmosphcnc
Pgy=Pyn + Ah if Pgy> Py
Pgaszpatm—Ah ingu5<Palm ‘

preswie: ol pur wnit owek.
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