Background

f}t](:?lr(;};;?rx;xe;r;;/ g:l(;l}xllgtli]gnsl (c’alc}:ll?.tio_ns of mass re.lations) are fessential for flp;\lytic;\l
2 chermical reoror € Can1lc)a sy pt 'eslg m‘all apphcatlons of .chennlstry. The eﬂ1c1cncy of
theoreticalyicld) x 100] F e es’umlatef based on its percent yield [% ylgl(.i = (actual yield/
ity bobt daed o ~h' frotn}: resx'l ts t()) eltimental analysm,.percent composition of compounds
by ; ch further can be used to find the sunplest or exppu‘lcal formula of an
xnown substance. The empirical formula of a compound gives the simplest whole-number
I‘fltlo. of moles to elements in the compound. Depending on the nature of the compound
(ionic or covalent), the empirical formula may or may not be identical with the molecular
formula. As ionic compounds do not actually consist of real molecules (we consider the so
called formula units, the smallest repeating unit in the crystal lettuce), for these compounds
the empirical formula is the usual way to represent them in the chemical formula. Many ionic
compounds crystallize with one or more molecules of water loosely bound into the crystalline
structure of the anhydrous compound. If the hydrate is colored, a color change usually
accompanies the loss of this water of crystallization (or water of hydration) upon heating
(efflorescence). Molecular or covalent compounds, on the other hand, do not typically have
identical molecular or empirical formulas. To determine their true molecular composition,
we need an additional piece of information about the compound: its molar mass (usually
obtained by another method, e.g., by mass spectrometry). The ratio of the molar mass to the
empirical formula mass provides the multiple factor. Multiplying the subscripts of atoms in

the empirical formula by this factor yields the molecular formula.

Purpose

To determine the empirical formula for a hydrate of inorganic ionic compound and it percentage of

water by its mass.

Use the following equations:

It = Mass of anh d It () 1 mol of anhydr. salt
(X) = Moles of anhydrous salt = Mass of anhydr. salt (g) X P = o oqr Gl (g)
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< ) 1 mol of water
YA Ay = AQQ 2 \ ¥ b B — e
(Y) = Moles of water = Mass of water (g) X T Tae piass of water (5)

Divide both, (X) and (Y) by the smallest of the two and find the simplest integer ratio X): ().

: - It Mass of water (g)
o I ASE ate ‘salt = — .-
Percent by mass ot water in the s s of (Water + anhydrous salt)(g)

x 100

Chemicals
A: Nickel (11) sulfate hydrate, (X) NisO, . (Y) H,O

B: Iron (I1I) chloride hydrate, (X) FeCl, . (Y) H,O

Glassware and Apparatus

50-mL Erlrnmeyer flask (2) Hot plate
Crucible tongs
Wire gauze
Electronic Balance
Weighing paper or plastic weighing boat
Spatula

Procedure

1.
2,

Record the letter of your unknown hydrated salt (A or B).
Label 2 clean 50-mL Erlenmeyer flasks for trial 1 and trial 2 and record their masses. Next, record
all digits shown on the electronic balance.
Add approximately (but exactly!) 1.00 gram of your assigned hydrate to each flask and record the
masses.
Record the color and appearance of your hydrate on the data sheet.
Using the maximum setting on a hot plate, heat both flasks, Fig. 3.1, for at least 15 minutes. All

condensed water from the mouth of the flasks should evaporate. If needed, heat longer. Heat
for additional 5 minutes after all of the water has evaporated. Do not touch the hot plate! A

Keep a safe distance from the hot plate as the liquid may splatter! AN

Figure 3.1: Two Erlenmeyer flasks on the hot plate.
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On your data sheet record both the color and the appearance of the anhydr ous salt.

i inutes
Using tongs, remove the flasks from the hot plate and let them cool for approximately 5 minu
on the wire gauze pad on your bench.

Weigh the flasks with the anhydrous salt. Record this on your data sheet by subtracting the mass

of the empty flask from the mass of the flask with the salt . This will determine the mass of the
anhydrous salt (A: NiSO,, or B: FeCl,).

Using the Periodic Table of Elements, calculate the number of moles of NiSO , OF FeCI3 and the
water .

10. Determine the empirical formula of the hydrate and its water % by using mass.

Disposal: Dispose the anhydrous salts in the appropriate waste containers.



Data and Calculations

Data sheet
T i ioio A
Colorand appearance of unknown hydrate
Trial 1 Trial 2
Mass of unknown hydrate + flask T - g
Mass of empty flask g g
Mass ofhydrate g g
Color and appearance of unhydroussalt
Mass of unhydrous salt + flask g g
Mass of unhydrous st g g
Mass of effloresced water g g
Moles of unhydrous salt - mol ... mol
Average moles of unhydrous salt mol
Moles of water of crystallization mol ... mol
Average moles of water of crystallization mol

Simplest integer ratio (X): (Y)

......................................................

Empirical formula and name of the original hydrate

......................................................

Percent by mass of water in the original hydrate

......................................................

Calculations

Show your step-by-step work in all calculations!

(X) = Moles of anhydrous salt =

Average moles of unhydrous salt =

(Y) = Moles Qf water of crystallization =
Average moles of wa.ter of crystallization =

Divide both, (X) and (Y) by the smaller of the two and find the simplest integer ratio (X) : (Y).

X):(Y) =

Percent by mass of water in the original hydrate =
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