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Molecular Vs. Empirical Formulas

Molecular Formulas boiling
(may not be simplest ratio)l_I ’ point
\ /
C2Hs  ethene c=c_ -103.7°C
H H
CsHe propene [ [ » .~ -47.6°C
CeHi2 1-hexene » .« Z>">" 63°C

H”  “CH,—CH,—CH,—CH,

All 3 have same ratio but have different properties!

Their empirical formulas are the same: CH;
(simplest ratio)



Molecular vs. Empirical Formulas

Determining Empirical Formulas

A compound has 80% Carbon and 20 % H.
Determine the Empirical Formula.

1. Convert % mass to mass: 80% C and 2{) % H
|

80 g Cand 20 g H.

2. Convert mass to moles:

809 CLIMmoeL 6 66molC
129 C
20g H
g 1 mole H ~ 20 mol H
1gH

3. Divide out all moles by the smallest value -give smallest ratio.

6.66
6.66 = 1C CHs is the

20.0 .
666 — S H empirical formula



Molecular vs. Empirical Formulas

Determine the empirical formula of a substance with:

259 % Nand 74.1 % O

[ Convert to from % =>grams => moles |

259g N| 1 mol N
" 14gN =1.85mol N

74190 [1mol O

169 O = 463 mol O
[ find simplest ratio ]
185 -9 N 483 =25 0
1.85 1.85 L

cannot have

E/Z of an atom_

[ Multiply both by 2 to get whole number]
TNx2=2N 250x2=80

empirical formula: N,Os



Molecular vs. Empirical Formulas

Determining molecular formula from the
empirical formula:

— _ —  potential j
Empmca formula] _molecular formulas:
C|‘2 mol. wt.
empirical weight; CH: 14g/mol
14 g/mol C,H. 28 g/mo
CsHe 42 g/mo
CaHs 56 g/mo
CsH1o 70 g/mol
(Etc.)

Calculation: mole.c.ular wt. _ multiple of subscript
empirical wt.
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Calculation: mole.c.ular wt._ multiple of subscript
empirical wt.

85.7% C and 14.3% H
with a molecular wt= 56 g/mol

A

8579C | 1mAlC_7 44 moic ZM4 = 1C
| 12gC 7.14

143gH | 1molH _ 143 moy 143_ 5 H
| 1gH 7.14

empirical formula: CH;
empirical weight: 14 g/mol

molecular wt. _ 56g/mol _ 4

empirical wt.  14g/mol
/(multiple of subscripts)

molecular formula = 4 x (CHz) = C4Hs



olecu

lar vs. Empirical Formulas

A compound has a molecular wt of 5409/
mol.It contains 60%C, 4.4%H and 35.6% O.
What is its molecular formula?
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A compound has a molecular wt of 540g/mol.
It contains 60%C, 4.4%H and 35.6% O.
What is its molecular formula?

60gC|1molC 2 =224 x4=9C
I 129C =5mol C 2923
4.4gH |1 mol H 4.4
=44 molH == =2 =
1gH 2.23 x4 8 H
35.69 O|1 mol O 2 23
=2.23mol 0 ££= =1 =
169 O 223 X4 =40

empirical formula: CoHsO4
Empirical weight: (12x9) + (1x8) + (16x4) = 180g/mol

540g/mol —
180 g/mol

molecular formula: C>7H24015



Molecular vs. Empirical Formulas

Lactobionic Acid has a molecular wt of 358g/mol

It contains 40.2%C, 6.2%H and 53.6% O.
What is its molecular formula?



Molecular vs. Empirical Formulas

Lactobionic Acid has a molecular wt of 358.3g/mol

It contains 40.2%C, 6.2%H and 53.6% O.
What is its molecular formula?

40.23gCl1molC _ 3.349 _ _
[12.01gC 3.349 mol C = v =1.000 x6=6C
6.189g H| 1 mol H: 6.140 molH ©140-13833 xg =11 H
1.008 g H 3.349
53.59g O |1 mol O 3.349 -1 000 _
- 3 3.549 =1 6 =60
16,0090 >+ MO0 a9 X

empirical formula: CsH110s

Empirical weight: (12.01x6) + (1.008 x11) + (16.00x6) = 179.15g/mol

358.3g/mol — 2
179.15 g/mol

molecular formula: C12H2>,012



