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Homework # 1

. The combustion of an 8.23-mg sample of unknown substance gave 9.62 mg CO, and 3.94 mg

H,O. Another sample, weighing 5.32 mg, gave 13.49 mg AgCl in a halogen analysis. Determine
the percentage composition and empirical formula for this organic compound.

. An important amino acid has the percentage composition C 32.00%, H 6.71%, and N 18.66%.

Calculate the empirical formula of this substance.

A compound known to be a pain reliever had the empirical formula C;HgO,. When a mixture of
5.02 mg of the unknown and 50.37 mg of camphor was prepared, the melting point of a portion
of this mixture was determined. The observed melting point of the mixture was 156 °C. What is
the molecular mass of this substance?

. An unknown acid was titrated with 23.1 mL of 0.1 N sodium hydroxide. The weight of the

acid was 120.8 mg. What is the equivalent weight of the acid?

. Determine the index of hydrogen deficiency for each of the following compounds:
(a) CgH,NO (d) CsH;CIN,
(b) CsH,NO; (e) CyHpuN,0,

(¢) C,H,BINO,

(a) A researcher analyzed an unknown solid, extracted from the bark of spruce trees, to
determine its percentage composition. An 11.32-mg sample was burned in a combustion
apparatus. The carbon dioxide (24.87 mg) and water (5.82 mg) were collected and
weilghed. From the results of this analysis, calculate the percentage composition of the
unknown solid.

(b) Determine the empirical formula of the unknown solid.

(c) Through mass spectrometry, the molecular mass was found to be 420 g/mole. What 1s the
molecular formula?

(d) How many aromatic rings could this compound contain?
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Calculate the molecular formulas for possible compounds with molecular masses of 136; use
the Rule of Thirteen. You may assume that the only other atoms present in each molecule are
carbon and hydrogen.

{a) A compound with two oxygen atoms
(b) A compound with two nitrogen atoms
(c) A compound with two nitrogen atoms and one oxygen atom

{d) A compound with five carbon atoms and four oxygen atoms

An alkaloid was isolated from a common household beverage. The unknown alkaloid proved to
have a molecular mass of 194. Using the Rule of Thirteen, determine a molecular formula and
an index of hydrogen deficiency for the unknown. Alkaloids are naturally occurning organic
substances that contain nitrogen. (Hint: There are four nitrogen atoms and two oxygen atoms
in the molecular formula. The unknown is caffeine. Look up the structure of this substance in
The Merck Index and confirm its molecular formula.)

The Drug Enforcement Agency (DEA) confiscated a hallucinogenic substance during a drug
raid. When the DEA chemists subjected the unknown hallucinogen to chemical analysis, they
found that the substance had a molecular mass of 314. Elemental analysis revealed the presence
of carbon and hydrogen only. Using the Rule of Thirteen, determine a molecular formula and an
index of hydrogen deficiency for this substance. (Hint: The molecular formula of the unknown
also contains two oxygen atoms. The unknown is tetrahydrocannabinol, the active constituent
of marjuana. Look up the structure of tetrahydrocannabinol in The Merck Index and confirm its
molecular formula.)

A carbohydrate was isolated from a sample of cow’s milk. The substance was found to have a
molecular mass of 342. The unknown carbohydrate can be hydrolyzed to form two 1somenc
compounds, each with a molecular mass of 180. Using the Rule of Thirteen, determine a
molecular formula and an index of hydrogen deficiency for the unknown and for the hydrolysis
products. (Hint: Begin by solving the molecular formula for the 180-amu hydrolysis products.
These products have one oxygen atom for every carbon atom in the molecular formula. The
unknown is lactose. Look up its structure in The Merck Index and confirm its molecular formula.)



