Chapter 8 A NATURAL Aeeroacti 10

CHEMISTRY
8A: The Formula of a Hydrated Salt

H  Inhydrated copper

Key Question: How do you figure out a chemical H~.' sulfate each ion
formula? has a fixed number

of water molecules
In this Investigation, students will have the opportunity to determine the chemical formula ) Cu ’ attached to it
of a hydrate. A hydrate is a salt, or ionic compound, that holds water in its crystalline CuSO «xH.O

structure. When a hydrated salt is heated gently, only water molecules are released.

Students will heat hydrated copper (II) sulfate crystals to drive off the water molecules

contained within. Using their own data they can determine the number of moles of water ‘H ‘

associated with their hydrate, and write its chemical formula.

Reading Summary Questions and goals

Students read section 8.1 (Ionic compounds) . . .
before performing this Investigation. Main Questions -+ What is a hydrate?
* How can the formula of a hydrate be determined?

Tonic compounds are formed from the attraction .
P * What does the chemical formula of a hydrate mean?

between positively and negatively charged ions. lonic
substances form electrically neutral compounds

because the number of positive and negative charges Learning By the end of the Investigation, students will be able to:

are equal. Most ionic compounds tend to have similar Goals . cylculate the percent by mass of water in their hydrate.

properties. Depending on the atomic structure of the * Calculate the number of moles of water associated with their hydrate.
individual atoms, the number of electrons gained or » Write the chemical formula for their hydrate - copper (II) sulfate

lost to form the ionic compound has a specific ratio. pentahydrate.

For example, in lead sulfide (PbS) the charge on lead
is +2 (written Pb2+) and the charge on sulfur is -2

(written S%°). The ratio of lead to sulfur is 1:1 and the
charges cancel each other perfectly. In calcium
chloride (CaCl,) the +2 charge on the calcium is

Key Vocabulary Hydrated salt, hydrate, anhydrous salt, moles, ion, chemical formula, salt,
polyatomic ion

balanced by two chloride ions (CI") and once again the
charges add to zero. Polyatomic ions such as sulfate

(SO42') are groups of atoms that act together as a unit,

carrying an overall charge. When using polyatomic
ions there need to be parentheses around the atoms in
that unit, if used more than once in the formula unit.
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Example Answers
2a. Mass of hydrate =4.0 g

2b. Mass of water=1.4 g
2c¢. Formula mass of water = 18.01 g

2d. Moles of water 1.4 g x (1 mole / 18.01 g) = 0.0778 moles H,O
2e. Formula mass of CuSO4 =63.55+32+ (16 x4)=159.55¢g

2f.2.6 gx (1 mole / 159.6) = 0.0163 moles CuSOy4

2g. x =0.0778 moles H,O / 0.0163 moles CuSO,=4.77
which is approximately 5. therefore it is CuSO,4°5H,0

Teaching Tips

This investigation helps to make writing chemical formulas more relevant to the students.
It is also a nice review for the use of the mole and mole relationships. The actual
chemical formula for copper (II) sulfate pentahydrate is CuSO4:5H,0. Each copper

sulfate unit is associated with five water molecules in the crystal.

Students will likely obtain a value between 4 and 5 for their value of x. You may find
most of them are nearer to 4, because students may not have fully dehydrated their
crystals. Regardless of their values, students will see the color change associated with the
dehydration of the crystals, and will understand the concept of writing the chemical

formula for a hydrated salt.
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Investigation sectia IMdeas and Dialog

Error analysis 3 Determine the estimated measurement error (e) which is the smallest mass your balance can measure.
The balances can measure to 0.1 g and this is the estimated error.

Have students use their data to analyze
their value for x. The questions are set
up to show students that their mass
measurements have limitations.

Fill in table 2 with your data, using the (m + e) and the (m - e) values.
Students will add and subtract the estimated error (0.1 g) from the mass of their hydrated and anhy-
drous salts. This will give them the minimum and maximum mass for each measurement.

Calculate the most water that your hydrate could have contained by subtracting the smallest value (m - e)
for your anhydrous salt from the largest value for your hydrate (m + e).
Students will obtain a higher value for the mass of their water, and thus increase the number of moles of
water. This causes the numerator of the ratio for x to rise to a larger number. The students’ values for x
will become larger than in their earlier calculations.

Calculate the smallest amount of water that your hydrate could have contained by subtracting the largest
value (m + e) for your anhydrous salt from the smallest value for your hydrate (m - e).
Students will obtain a lower value for the mass of their water, and thus decrease the number of moles of
water calculated. This causes the numerator of the ratio for x to decrease to a smaller number. The stu-
dents’ value for x will become smaller than in their earlier calculations.
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Example Answers

Part 3: Error analysis 3a. 0.1 g

If you had a “perfect” balance your calculation of “x” would be as perfect as your experimental technique
would allow. Unfortunately, real balances have a minimum resolution. The resolution is the smallest mass .
the balance can measure accurately. How does this affect your results? 3b Est]mated error € = O l

a.  What is the smallest mass your balance can measure?

b. Let this value be e, the estimated measurement error. .
¢.  The real masses could range from m - e to m + e. Complete the following table by calculating the 3C' See table 2 _OPPOSIte_ fOI' aCtual data

minimum and maximum mass of the hydrated and dried copper sulfate

Table 2: Error analysis

Measured | Estimated m-e m+e 3d. Most water 4.1 - 2.5 g= 1.6 g H20
mass, m (g) | error, ¢ (g) (9) (9)
Mass of hydrated CuSOy 4.0 0.1 39 4.1
M f dried CuSO, 2.6 0. 2. 2.
o e ‘ : ! 3e. 1.6 g H,0 x (1 /18.01) = 0.089 moles H,0
d. Calculate the most water the hydrate could have contained. This would be the largest possible value X = (0089 moles HZO /0.163 moles CuSO4 =546

(m + e) for the hydrated CuSOy4 minus the least possible value (m - ¢) for the dried CuSOy.

e. Calculate how many moles of water the result of part (d) above represents. Calculate the value of x

ing thi It.
. :'"*"tir“TtI e i ot e o Thi e 3f. Least water 3.9 g-2.7 g = 1.2 g H,O x (1 / 18.01) = 0.0667
. epeat the calculation for the least amount of water the hydrate could have contained. This is the _ _
smallest mass (m - e) of hydrated CuSO4 minus the largest mass (m + e) of dried CuSOy. X= (00667 mOIQS HZO / 00163 mOIQS Cuso4) - 409
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Teaching tips

It is important that the students stir their hydrate regularly because the most heating takes
place on the sides of the desiccator. The crystals need to be in contact with the sides of
the steel desiccator to be fully heated. Having fewer crystals makes it easier to stir the
salt and to have greater surface area in contact with the heater. Too many crystals can
contribute to spilling and lost mass as the hydrate is stirred. Students may think they have
a good result, because spilled hydrate crystals will decrease the final mass after heating,
making it appear as if they have driven off a larger amount of water.

The anhydrous powder should be mainly white-greyish in color. Very little blue should
remain if the salt is fully dehydrated.

Finally, the “actual” value of x =5 is nice, but it really isn’t the focus of the lab. We want
the students to learn about hydrated compounds and be able to use their data to write a

chemical formula. The error analysis helps students to interpret their data realistically.
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