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/
SIGNIFICANT FIGURES AND CALCULATIONS

All measurements involve uncertainty. Since it is very important that the uncertainty in the final
result is known, rules have been developed for counting the significant figures in each number
and determining the correct number of significant figures in the final result of calculations.

SIGNIFICANT FIGURES IN ANY MEASURMENT INCLUDE:
1. All the digits known in the measurement with certainty.
2. Plus one digit that is estimated (uncertain)

RULES FOR COUNTING SIGNIFICANT FIGURES IN MEASURMENT GIVEN:
1. Nonzero integers ALWAYS count as significant figures.
2. Zeros. There are three classes of zeros.
a. Leading zeros are zeros that come before all the nonzero digits.
These are NOT significant figures.
Examples:

b. Captive zeros are zeros between nonzero digits.
These ARE significant figures.
Examples:

c. Trailing zeros are zeros to the right of the nonzero digits.
They are significant ONLY if the number contains a decimal point.
Examples:

3. Exact numbers comes in two classes, too.
a. Numbers determined by counting are exact. (Assume infinite sig fig)
Examples:

b. Numbers arising from definitions (i.e. conversion factors) are exact.
Examples:




We Lave SCIENTIFIC NOTATION because

1. The number of significant figures is easily notated
2. Fewer zeros must be written for very large and very small numbers

RULES FOR SIGNIFICANT FIGURES IN MATHMATICAL OPERATIONS
1. Multiplication/Division
The number of significant figures in the result(product) is the same as the nember of
digits in the factor with the least number of digits (least precise).
Examples:

2. Addition/Subtraction
The number of significant figures in the result is the same number of decimal places as
the least precise measurement used in the calculation.
Example:

@Es FOR ROUNDING \
1. In the actual calculation, carry the extra digits throughout the final result,
THEN ROUND!!!

2. If the digit to be removed

a. Islessthan 5, the preceding digit stays the same.
Examples:

b. Isequal to or greater than 5, the preceding digit is increased by 1.
Examples:

\_ . J




SIGNIFICANT FIGURES
or
SIGNIFICANT DIGITS

Does the measurement have a decimal?

NO YES

1. Find the first non-zero. | 1. Fiﬁd the first n'on-zéro. |
2. Find the last non-zero. 2. Count THAT NUMBER and
all others AFTER IT.

3.Count the FIRST and LAST
number and all others BETWEEN

Calculations

MULTIPLICATION/DIVISION | ADDITION/SUBTRACTION

1. Identify the number of SIGNIFICANT | 1. Identify the LEAST PRECISE

FIGURES. MEASUREMENT.

2. Calculate 2. Calculate

3. ROUND the answer using 3. ROUND the answer to match the
SIGNIFICANT FIGURES. LEAST PRECISE

MEASUREMENT.




Why The Rule for Significant Digits Gives the Correct
Answer

Take a look at the calculation of the density of a liquid, and use the example to see why this rule
about significant digits exists. In this example, we're showing the actual +uncertainty we can
expect. This uncertainty tells us how large, or how small our actual measured data might

be. Here's the data:

Mass of liquid 68.24 +0.01 g 68.25¢g 68.23 g
Volume of liquid 90.2 £0.2 mL 90.4 mL 90.0 mL

Since density = mass/volume, we can use this data to calculate the biggest (divide the largest |
possible mass by the smallest possible volume) and smallest (divide the smallest possible mass
by the largest possible volume) densities we could have.

Largest density 68.25 90.0 0.7583333333333
Smallest density 68.23 90.4 0.7547566371681

We've highlighted in red the digit at which the two answers are different. Notice that it is at the
third significant digit. If the numbers are different at the third significant digit, then obviously all
the other answers to right of them are totally meaningless. The rule we have works: always
round off the answer to the shortest number of significant digits — in this case the three
digits in the volume. So you should calculate the density measured here as (68.24 g)/(90.2 mL)
= 0.7565410199557 and then report it rounded off to 0.757 g/mL at the third significant digit.




HOW TO NAME AN IONIC COMPOUND

Identify the cation and anion using Tables 4.1, 4.2, and 4.4.

If the cation is a metal that can have more than one charge, then determine the cation charge in this
formula.

Write the cation name first, using Roman numerals for the charge, and then write the anion name last.

If the cation is either a polyatomic ion or a metal that can have only one charge, then write the cation
name first followed by the anion name.

HOW TO WRITE A FORMULA
FOR AN IONIC COMPOUND

Identify the cation and anion names in the compound name.
Write the symbols for the cation and anion side by side.

If the cation name is followed by Roman numerals, then assign that amount of charge to the cation, and
determine the anion charge, based on Tables 4.1, 4.2, and 4.4.

If the cation is not followed by Roman numerals, then determine the ions charge, based on Tables 4.1,
4.2, and 4.4.

Find the least common multiple of the ions” charges.

If polyatomic ions are not present, use subscripts to indicate how many of each ion would be necessary
to have the amount of charge designated by the least common multiple.

If polyatomic ions are present, use subscripts and parentheses to indicate how many of each ion would
be necessary to have the amount of charge designated by the least common multiple.

HOW TO WRITE A FORMULA FOR
A MOLECULAR (Covalent) COMPOUND

The less-electronegative element is given first. It is given a prefix only if it contributes more than one
atom to a molecule of the compound. Generally order goes: C,P, N, H, S, I, Br, Cl, O, F.

The second element is named by combining a prefix indicating the number of atoms contributed by the
element, the root of the name of the second element and the ending —ide.

The o or a at the end of a prefix is usually dropped when the word following the prefix begins with
another vowel, e.g. monoxide or pentoxide.



Polyatomic Ions
-ate and -ite

—>If they end with -ate

Inside the 4-shape...4 oxygens
PO43' 8042” ASO43'
86042' T€O42'

Outside the 4-shape...3 oxygens
NOy CO32" Cl0O5
BrOs FOs

—>1f they end with -ite
Subtract one oxygen from those ending in -ate.

CHARGES STAY THE SAME!!!
PO’ becomes PO5* phosphate becomes phosphite

SO4* becomes SO;> sulfate becomes sulfite

NO;” becomes NO7 nitrate becomes nitrite

COs* becomes CO,> carbonate becomes carbonite
ClO;5 becomes ClOy chlorate becomes chlorite

What are the charges?

—>Follow the pattern.

C|N 2-11-

P|S|C] 3-12-11-

CO_%Z' NO;y

PO | SO4 | ClOy




Weird Polyatomics

1+ 1 2-
ammonium acetate peroxide
cyanide
hydroxide

How Many Oxygens in the Oxyanion?

Inside or Outside 4-Shape

per- -ate -ate

Inside

per- = one more

hypo- -ite

hypo- = one less

5 4

3

Qutside

4 3

2

{become -ic acids)

(become -ous acids)

What Do | Do With Extra Hydrogen Atoms On The Polyatomic lon?

Change
How Many Extra Hydrogen |Prefix At The the
Atoms? Front Charge |Formula|Example Name
0| (none needed) | don't | PO, |phosphate
hydrogen
1| (none needed) | Add 1+ | HPO,” |phosphate
dihydrogen
2 di Add 2+ | H,PO, |phosphate

A Bite of Pus: | Ate it and got Sick

|Acids must have hydrogen

-ate changes to -

ic acid

-ite changes to -ous acid |

Binary Acids (without oxygen)

Oxyacids (with oxygen)

hydro- -ic acids

Original Anion  |Name
ends in -ate -ic acid
ends in -ite -ous acid




Given: gA Unknown: mol A

gAx_1molA = mol A
gA
(Periodic Table Mass)
Example: Convert 2.5 g of carbon to moles.
Given: mol A Unknown: atoms A
1 STEP
mol A x _6.022x 0¥ atoms A = atoms A
1 mol A
Example: Convert 2.5 moles of carbon to atoms.

Given: g A Unknown: atoms A

gAx _1molA x_6.022x 10*atoms A = atoms A

gA 1 mol A
(Periodic Table Mass)

Example: Convert 2.5 g of carbon to atoms.

Given: atoms A Unknown: mol A

atoms A x 1 mol A = mol A
6.022 x 10*% atoms A

Example: Convert 2.5 atoms of carbon to moles.

Given: mol A Unknown: g A

mol A x gA = gA
1 mol A
(Periodic Table Mass)

Example: Convert 2.5 moles of carbon to g.
Given: atoms A Unknown: g A
2 STEPS

atoms A x 1 mol A X gA = gA

6.022 x 10** atoms A 1 mol A
(Periodic Table Mass)

Example: Convert 2.5 atoms of carbon to g.
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{8 Saluble compounds

NO;~ salts

Table 8.1

General Rules for Solubility of lonic :
Compounds (Salts) in Water at 25 °C Na', K, NH,* salts
1. Most nitrate (NO,™) salts are soluble.

2. Most salts of Na*, K*, and NH,* are soluble.

3. Most chloride salts are soluble. Notable
exceptions are AgCl, PbCl,, and HgZClz.

4. Most sulfate salts are soluble. Notable exceptions
are BaSO,, PbSO,, and CaSO,.

5. Most hydroxide compounds are only slightly
soluble.* The important exceptions are NaOH
and KOH. Ba(OH), and Ca(OH), are moderately
soluble.

CI, Br-, I salts f;

$O2 salts

6. Most sulfide (§%7), carbonate (CO,%"), and
phosphate (PO,3") salts are only slightly soluble.*
*The terms insoluble and slightly soluble really mean the

same thing: such a tiny amount dissolves that it is not
possible to detect it with the naked eye.

Figure 8.3
Solubilities of common compounds

Al - React with steam (but not |
Mn  cold water) and acids, - S

- Zn- replacing h'ydrogern.r
"Cr React with oxygen, -
Fe  forming oxides.

Co Do not react with water.
"Ni  React with acids,
Sn  replacing hydrogen.
Pb  React with oxygen,
forming oxides.

Sb  React with oxygen,
.Bi forming oxides.

Ag  Fairly unreactive,
Pt  forming oxides only
Au  indirectly.




