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Sections 3.3, 3.7, and 3.8

Notes from Chapter # 3 Part 3

Composition of Compounds

Representing compounds Chemical formulas and molecular
formulas

Determining Chemical formula form experimental data


LN
Sticky Note
These notes helps you to understand Chapter 3,  but it is not instead of the book. 
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3.7 Composition of Compounds
Molar Mass of Compounds

* The relative masses of molecules can be calculated from
atomic masses

Formula Mass = 1 molecule of H,O
=2(1.01 amu H) + 16.00 amu O = 18.02 amu

* 1 mole of H,0 contains 2 moles of H and 1 mole of O so
molar mass = 1 mole H,0

=2(1.01gH)+16.00g0=18.02 g

Number of atoms Atomic mass Number of atoms Atomic mass
Formula mass = of 1stelementin ~ X of + of 2nd elementin = X of + ...
chemical formula 1st element chemical formula 2nd element

© 2011 Pearson Education, Inc.

Percent Composition
* Percentage of each element in a compound
v by mass
S all (b puaiall g
* Can be determined from

1. the formula of the compound

2. the experimental mass analysis of the compound
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* The percentages may not always total to 100% due to
rounding

Example: Find the mass percent of Cl in C,Cl4F,

Given: C,Cl,F,
Find: % Cl by mass

Conceptual] pass % Cl— 4 xmolar mass CI <100%

Plan: molar mass C,Cl,4F,

mass element X in 1mol

; ine-| Mass % element X = 100%
Relationships: 0 mass 1mol of compound
Solution: 4 x molar mass Cl = 4(35.45 g/mol)=141.8 g/mol

molar mass C,Cl,F, = 2(12.01) + 4(35.45) + 2(19.00) = 203.8 g/mol

Mass % Cl— 141-89/M01 4600, _ 69.58%
203.8 g/mol

because the percentage is less than 100 and Cl is much
heavier than the other atoms, the number makes sense

Check:

Example 2 :Determine the mass percent composition of
CaCl, (Ca =40.08, Cl =35.45)
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° CaCIZ Mass % Ca — molar mass Ca «100%
molar mass CaCl,
Mass % Cl — 2 xmolar mass Cl «100%

molar mass CaCl,
2xmolar mass Cl=2(35.45g/mol)=70.90 g/mol
molar mass CaCl, =1(40.08)+2(35.45)=110.98 g/mol

Mass % Ca— 10-089/mol _ 1000 _ 36.11%
110.98 g/mol
Mass % Cl— ' 2-909/mol . 500 — 63.88%

110.98g/mol
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3.8 Representing compounds Chemical formulas and
molecular formulas

Empirical Molecular Structural formula Molecular
formula formula Models (3D)
HO H.0O, H-O-O-H
I
CHjs CoHg
H— (|3 (;3 H
H H
T I1D8.?D pm \R
CHa CH, C-. \f‘\
|_|’<_\ "H oY
109.5° H Ball-and-stick model

Empirical Formula - A formula that gives the simplest whole-number ratio of
atoms in a compound.
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3.9 Steps for Determining an Empirical
Formula

1. Start with the number of grams of each element, given in the problem.
ollax ol aflowall 65 aic J u‘)}ﬂ_\ a1
o If percentages are given, assume that the total mass is 100 grams so that

e 100 o= oobe AN Gl Ol (il 40 sie A olarall (IS 13

the mass of each element = the percent given.

MQLNQM\@)M\M\=WJS&S

2. Convert the mass of each element to moles using the molar mass from the periodic
table.

Lﬁ_}}ﬂ\d}dﬂu)m.\cLNEM\M}A\MDM@YM&JJJ}A&\ML}S&dﬁ};:ue}s.} 2

3. Divide each mole value by the smallest number of moles calculated.
2 4kt & Cuvs 8 I (e 4 sl o 4dd g0 dad OS a3

4. Then multiply each solution by the same factor to get the lowest whole number
multiple

dazia lae) e o jle OSSOl B Al ) (A Ca (Al il JS(5S5 l Jlad o5 e 4

This is the mole ratio of the elements and is represented by subscripts in the empirical
formula.

Sl b Lty (A ealiall 4 Uaa 5 08 () 5S3 L

Example Problem #1

A compound was analyzed Js and found to contain 13.5 g Ca, 10.8 g O, and 0.675 g
H. What is the empirical formula of the compound?


http://www.chem.tamu.edu/class/majors/tutorialnotefiles/periodictable.htm
http://www.chem.tamu.edu/class/majors/tutorialnotefiles/periodictable.htm
http://www.chem.tamu.edu/class/majors/tutorialnotefiles/periodictable.htm

Dr Abeer Abdelhalim
Taibah University
Preparatory year program

Step 1

Start with the number of grams of each element, given in the problem.

Given ¥
13.5gCa
10.8g O
0.675gH

Step 2

Convert the mass of each element to moles using the molar mass from the periodic
table.

Given ¥ PT. 4

1 mol Ca
13.5 g4 x o 1%6/_0.337 mol Ca
ImolO _ ) cos ol O

1083/5 1603/5

1 mol Ca
Oﬁ?S/gH o1 T —0.668mol H

Step 3

Divide each mole value by the smallest number of moles calculated.


http://www.chem.tamu.edu/class/majors/tutorialnotefiles/periodictable.htm
http://www.chem.tamu.edu/class/majors/tutorialnotefiles/periodictable.htm
http://www.chem.tamu.edu/class/majors/tutorialnotefiles/periodictable.htm
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Given | PT. |
1 mol Ca ~ 0.337

lg'jg“eﬁxam.lgeﬁ_o.ss?

mol Ca =1.00

10.8 g x ImolO _ 0.675 10 =2.00

16.0 g6 0337

lmolCa 0.668

0.675 =
’g/HXI.Ol/g/H{ 0.337

molH =1.98= 2.00

Step 4
Is not needed her since i have only whole numbers

This is the mole ratio of the elements and is represented by subscripts in the
empirical formula.

CaO,H, = Ca(OH),

Example Problem #2

A compound decomposed to 57.14% C, 6.16% H, 9.52% N, and 27.18%
O. Calculate the empirical formula of this compound

Step 1

If percentages are given, assume that the total mass is 100 grams so that
the mass of each element = the percent given.
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Given ¥
57.14¢ C
6.16gH
9.52gN
27.18g 0

Step 2

Convert the mass of each element to moles using the molar mass from the periodic
table.

Given 4 PT. 4

1mol C
5?.14/&(’5:{ Wzat.?ﬁmolc

6.16 gH x AmolH _ oo ol H

1.013}1‘
1mol N

9.52 T —0.68molN
’gNXM.o)gN e

1mol O

2?.183ﬂxW=1.70mn10

Step 3

Divide each mole value by the smallest number of moles calculated.


http://www.chem.tamu.edu/class/majors/tutorialnotefiles/periodictable.htm
http://www.chem.tamu.edu/class/majors/tutorialnotefiles/periodictable.htm
http://www.chem.tamu.edu/class/majors/tutorialnotefiles/periodictable.htm

Dr Abeer Abdelhalim
Taibah University
Preparatory year program

Given 4 PT. 4

57.14 g€ x LmolC _ 476 ¢ =7

1molN  0.68
9.52 g X x Mot N _P0% oI N =1
14.03/16 0.68
1molO  1.70
27.18 g0 x Mot 2% hol0=52.5
16.03,6' 0.68

This is the mole ratio of the elements and is represented by subscripts in the
empirical formula.

Step 4

multiply each solution by the same factor to get the lowest whole number
multiple.

Given 4 PT. 4
1molC 4.76
57.14 X = molC = 7(2)=14
’g“d 12.05,6( 0.68 2

1molH 6.10

6.16 gH x = mol H=8.97=9(2)=18
1.013H 0.68 2
1mol N _0.68

952 X = molN =1(2)=2
gN 14.0/g/N( 0.68 2

27.18 g0 x Imol® _1.90 10 =2.5(2)=5

16.0 g6 0.68

T too far to round, multiply

to get a whole number
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Empirical formula =|C,,H;gN,O-

Finding molecular formula

Once the empirical formula is found, the molecular formula for a compound can be
determined if the molar mass of the compound is known.

1. Simply calculate the mass of the empirical formula
empirical formula J! 4 sall 4Bl a1

2. Divide the molar mass of the compound by the mass of the empirical
formula to find the ratio between the molecular formula and the empirical
formula.

Jad gall A1 e molecular formula J) 48 e o slaell (S pall 4y sal) 4l and) 2
Legin 4l AlayY empirical formula

Molar Mass of compound
N = e
Mass of the empirical formula

3. Multiply all the atoms (subscripts) by this ratio to find the molecular
formula.

Zﬁjh‘fﬂhjtﬁﬂ\ dAL’.An.H_}\Jﬂ\ dSuJAA.I(aES
Example Problem #1

Calculate the molecular formula of compound has a molar mass of 294.30 g/mol
and its empirical formula is Cy4H1gN,Os.
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The molar mass of C;4H15N,05

we can find the molecular formula by finding the mass of the empirical formula

C,H N, O, = 14(12.09)+18(1.01g)+2(14.0)+5(16.02)=294 g/mol
from P.T.— C H N 0

molar mass _ 29430 g/mol .,
empirical formula 294 g/mol

Ci4H1gN2Os X 1 = Cy4H1gN,05

The molecular formula is the empirical formula

Example Problem #2

The simplest formula for vitamin C is C3H,;05. Experimental data indicates that
the molecular mass of vitamin C is about 180. What is the molecular formula of
vitamin C?

First, calculate the sum of the atomic masses for C3H4O3. Look up the atomic
masses for the elements from the Periodic Table.


http://chemistry.about.com/library/blperiodictable.htm
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the sum of the atomic masses for C3H4O3 is:
3(12.0) + 4(1.0) + 3(16.0) = 88.0 g/mol
n=180/88

n=2

molecular formula vitamin C = 2 x C3H4O3 = CgHgOg

MORE EXAMPLES

1 # Determine the empirical formula and the molecular formula for a compound
with the following elemental composition:

40.00% C, 6.72% H, 53.29% O.

The molecular weight of the compound was found to be 180 g/mol.

Solution:

The first step will be to assume exactly 100 g of this substance. This means in 100
g of this compound, 40.00 g will be due to carbon, 6.72 g will be due to hydrogen,
and 53.29 g will be due to oxygen.

Then convert each of these masses to moles, using their respective atomic

weights
1 mel C
4000gCx —n = =
glx T2.015C 3331 mol C
1mol H
672gHy —0 2 = 6667 molH
B T e .1 e
532050% 249 _ 3331 010

16.00g O
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Step 2

The smallest mole quantity is either the moles of carbon or moles of oxygen
(3.331 mol)

3.331molC Y
3331 mel B

6.667molH ST HiE
3331mel 7 B

2331 mel O

e = 10000 =10

Step 3

The ratio of C:H:0 has been found to be 1:2:1, thus the empirical formula is: CH,0.

Step 4

Calculate the molecular formula

180 gfmel
30 gfmol

The molecular formula is a multiple of 6 times the empirical formula:

C(l X 6) H(g X 6) 0(1 X 6) which becomes CeH12054





