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MOLECULAR FORMULAS AND WHAT CAN BE
LEARNED FROM THEM

1.1 ELEMENTAL ANALYSIS AND CALCULATIONS

TABLE 1.1

CALCULATION OF PERCENTAGE COMPOSITION
FROM COMBUSTION DATA

CH,0; + excess 0, —  xCO, +y2H0
9.83 mg 2326 mg 9.52 mg

23.26 mg CO;

millimoles CO; =
44.01 mg/mmole

= 0.5285 mmoles CO,

mmoles CO, = mmoles C in original sample
(0.5285 mmoles C)(12.01 mg/mmole C) = 6.35 mg C in original sample

9.52 mg H,0

millimoles H,O =
18.02 mg/mmole

= 0.528 mmoles H,O

2 mmoles H

m) = 1.056 mmoles H in original sample

(0.528 mmoles HZO)(

(1.056 mmoles H)(1.008 mg/mmole H) = 1.06 mg H in original sample

pc=_083mEC . 100—616%
0.83 mg sample
pu=—00meH 00— 08%

083 mg sample

% O = 100 — (64.6 + 10.8) = 24.6%




TABLE 1.2
CALCULATION OF EMPIRICAL FORMULA

Using a 100-g sample:
64.6% of C=64.6¢
10.8% of H= 108 g

_ 246¢g

24.6% of O = 100.0 g

olent — N TR0 SIS wap TEE
12.01 g/mole

moles H = _10§_g_ = 10.7 moles H
1.008 g/mole

moles 0= 9B g e 0
16.0 g/mole

giving the result
Cs35H10701 54

Converting to the simplest ratio:

Csz Higz O = C349Hg 050100

which approximates

C3.50H7.0001 00
or

C;H 40,
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1.2 DETERMINATION OF MOLECULAR MASS

1.3 MOLECULAR FORMULAS

Ethane provides a simple example. After quantitative element analysis, the empirical formula
for ethane is found to be CH3i. A molecular mass of 30 is determined. The empirical formula weight
of ethane, 15, is half of the molecular mass, 30. Therefore, the molecular formula of ethane must be
2(CH3;) or C;Hg.



1.4 INDEX OF HYDROGEN DEFICIENCY

Frequently, a great deal can be learned about an unknown substance simply from knowledge of its
molecular formula. This information is based on the following general molecular formulas:

alkane C,Ha, 42 .
Difference of 2 hydrogens

cycloalkane or alkene  C,H»,

}Difference of 2 hydrogens
alkyne C,Hs,—»

1. To convert the formula of an open-chain, saturated hydrocarbon to a formula containing
Group V elements (N, P, As, Sb, Bi), one additional hydrogen atom must be added to the
molecular formula for each such Group V element present. In the following examples, each
formula is correct for a two-carbon acyclic, saturated compound:

C,Hs, C,H:N, C,H;N,, C,HN;

2. To convert the formula of an open-chain, saturated hydrocarbon to a formula containing
Group VI elements (O, S, Se, Te), no change in the number of hydrogens is required. In the
following examples, each formula is correct for a two-carbon, acyclic, saturated compound:

C,Hg, C,H:0, C;Hs0,, C;Hs03

] _2H .

(also compare —(|3HDI—I to —(|3=O]




3. To convert the formula of an open-chain, saturated hydrocarbon to a formula containing
Group VII elements (F, Cl, Br, I), one hydrogen must be subtracted from the molecular
formula for each such Group VII element present. In the following examples, each formula
is correct for a two-carbon, acyclic, saturated compound:

C,Hs, C,H,F, C,H,F,, C,H;iF;

TABLE 1.3

CORRECTIONS TO THE NUMBER OF HYDROGEN ATOMS
WHEN GROUP V AND VII HETEROATOMS ARE INTRODUCED
(GROUP VI HETEROATOMS DO NOT REQUIRE A CORRECTION)

Group Example Correction Net Change
Vv C—H — C—NH, +1 Add nitrogen, add 1 hydrogen
VI C—H — C—OH 0 Add oxygen (no hydrogen)
Vi C—H — C—CI -1 Add chlorine, lose 1 hydrogen
Example 1:

The unknown substance introduced at the beginning of this chapter has the molecular formula
C?HHOQ.

0
CH;—C—O0—CH,—CH,—CH—CHj
CH;

Example 2:
Nicotine has the molecular formula C;3H 4N>.



1.5 THE RULE OF THIRTEEN

M r
— =+ —
13 13
The base formula thus becomes
Cran+r
(n—r+ 2)
U =
2

To comprehend how the Rule of Thirteen might be applied, consider an unknown substance with
a molecular mass of 94 amu. Application of the formula provides

94 3
=74+ =
13 13

According to the formula, n = 7 and r = 3. The base formula must be
CsHio

The index of hydrogen deficiency is

(T —=-3+2)
= =

U 3

TABLE 1.4

CARBON/HYDROGEN EQUIVALENTS FOR SOME COMMON ELEMENTS
Add Subtract Add Add Subtract Add

Element Equivalent AU Element Equivalent Au
C Hp» 7 3C1 CHy, 3
Hp, C -7 “Br CeH; -3
0 CH, 1 1 CsHyo 4
0, C;Hg 2 F CH; 2
03 C;Hy; 3 Si C,H, 1
N CH, x P CH; 2
N, CH, 1 I CoHyo 0
S C,Hg 2 I CoH; 7




A substance that fits this formula must contain some combination of three rings or multiple bonds.
A possible structure might be

CH;
H
. b G
H U=3
H H
H
1. Base formula = C;H,, U=3
2. Add: +0O
3. Subtract: — CH,4
4. Change the value of U: AU =1
5. New formula = CH,O
6. New index of hydrogen deficiency: U =4
A possible substance that fits these data is
OH
CsHgO
U=4

There are additional possible molecular formulas that conform to a molecular mass of 94 amu:

CH,0, U=5 CH,S U=5
CeHsN U =35 CH:Br U=0



1.6 THE NITROGEN RULE

Another fact that can be used in determining the molecular formula is expressed as the Nitrogen
Rule. This rule states that when the number of nitrogen atoms present in the molecule is odd, the
molecular mass will be an odd number; when the number of nitrogen atoms present in the molecule
is even (or zero), the molecular mass will be an even number. The Nitrogen Rule is explained
further in Chapter 3, Section 3.6.



