
Chapter 1

Chemical Measurements



Overview

1-1 SI Units

1-2 Chemical Concentrations

1-3 Preparing Solutions

1-4 Stoichiometry Calculations for Gravimetric Analysis



SI Units

SI base units include the following:

– meter (m) 

– kilogram (kg) 

– second (s)

– ampere (A) 

– kelvin (K) 

– mole (mol) 



Derived SI Units

Other quantities can be derived in terms of 

base SI units.  See Table 1-2.

• force (newton, N), Kg∙m / s2

• pressure (pascal, Pa), N / m2

• energy (joule, J), N∙m



Prefixes

Table 1.3

Memorize these prefixes  with their abbreviations and powers of ten.



Using Prefixes in Calculations

• In calculations, units should be carried along with the numbers. 

• Prefixes such as kilo- and milli- are used to denote multiples of 
units.

• Prefixes can be used to simplify conversions between units.

Example:

Express 19.3 mPa in terms of atm

19.3 mPa  can be written as 19.3  10-3 Pa 

atm1090.1
Pa 101325

atm 1.00
   Pa 10  19.3 73- 



Concentrations

• Molarity (moles of solute per liter of solution), M

• Molality (moles of solute per kilogram of solvent), m

• Formal concentration (formula units per liter), F

• Percent composition (w/w, v/v or w/v), %

• Parts per million, ppm

• Parts per billion, ppb



% Composition (w/w or v/v)

95% (w/w) ethanol contains 95 g of ethanol for 

every 100 g of solution.



ppm, Parts per Million

• Shortcut:  ppm is also mg/L or µg/mL if the density of 

the solution is 1.0 g/mL.

• An aqueous solution that is 1 000 ppm in Cu contains   

1 000 mg Cu per liter of solution.

• It also contains 1000 µg per mL of solution.



ppm, Parts per Million



ppm, Parts per Million



ppm, Parts per Million



Making Solutions

• To calculate quantities of reagents needed to 

prepare solutions, use the relation 

(Mconc)(Vconc) =  (Mdil)(Vdil) 

• Equates moles of reagent removed from a 

stock solution to moles delivered into a new 

solution. 



Making Solutions

• How many moles of CuCl2∙5H2O are needed to 

make 500 mL of a solution that is 1 000.0 ppm 

in Cu?

Figure 1-4

• grams of CuCl2∙5H2O? 

• milliliters of 10 000 ppm 

CuCl2∙5H2O solution?



Making Solutions

• How many grams of CuCl2∙5H2O are needed 

to make 500 mL of a solution that is 1 000 

ppm in Cu?  (MM of CuCl2∙5H2O is 224.53 g/mol)

• First calculate the grams of Cu required

– (500-mL)  (1000 µg/mL) = 5.0  105 µg Cu

– 5.0  105 µg Cu = (5.0  105 )(10-6)g Cu

– 5.0  10-1g Cu  

  O5HCuCl g1.76 227 






 


Cu /mol g 63.546

 mol / O5HCuCl g 224.53
 Cu  g10 x 5.0 221-



Making Solutions

• How many milliliters of CuCl2∙5H2O are 

needed to make 500 mL of a solution that is     

1 000.0 ppm in Cu?

Figure 1-4

• moles of CuCl2∙5H2O solution?

(Mconc)(Vconc) =  (Mdil)(Vdil) 

(10 000 ppm)(Vconc) =  (1 000 ppm)(500 mL)

Vconc =  (1 000 ppm)(500 mL) / (10 000 ppm)

Vconc =  50 mL

Place 50 mL of 10 000 ppm CuCl2 stock solution in 

the 500 mL flask and fill to the 500 mL mark!



Making Solutions

• How many milliliters of 

concentrated HCl are needed to 

make 500 mL of a solution that 

is 0.250 M in HCl?

(Mconc)(Vconc) =  (Mdil)(Vdil)

• Need to know molarity of 

concentrated HCl.  
Figure 1-4

Concentrated  HCl is 

37.2% (w/w) HCl and has 

a density of 1.188 g/cm3



Making Solutions

• How many milliliters of 

concentrated HCl are needed to 

make 500 mL of a solution that 

is 0.250 M in HCl?

Mconc. HCl = ?

(Mconc)(Vconc) =  (Mdil)(Vdil) Figure 1-4



Molarity of the Conc. HCl Solution

soln L

HCl mol

units desired

MM = 36.46 g/mol

c = 37.2% = 37.2 gHCl / 100 gsoln

r = 1.188 g/cm3
}

HCl g 36.46

HCl mol 1

 g 100

HCl g 37.2

soln

3

soln

soln

cm 1.000

g 1.188
x x x

L 1

cm 1000 3

soln

= 12.1 mol/L



Making Solutions

• How many milliliters of 

concentrated HCl are needed to 

make 500 mL of a solution that is 

0.250 M in HCl?

Mconc. HCl = 12.1 M

(Mconc)(Vconc) = (Mdil)(Vdil)

(12.1M)(Vconc) =  (0.250 M)(500 mL)

Vconc =  (0.250 M)(500 mL / (12.1 M)

Vconc = 10.33 mL

Figure 1-4



Stoichiometry

• Use stoichiometry relationships to calculate 

required masses or volumes of reagents for 

chemical reactions.

• From the mass of product of a reaction, you 

should be able to compute how much 

reactant was consumed.



Stoichiometry



Stoichiometry



Limiting Reagent

• The limiting reagent in a chemical reaction 

is the one that is consumed first. 

• Once the limiting reagent is gone, the 

reaction ceases.

Example: For the reaction: A  +  2B   P

0.751 moles of A are mixed with 1.43 moles of B.  

• What is the limiting reagent and how much 

excess reagent remains unreacted?



Limiting Reagent

Solution: 

A     +     2B      P

I.    0.751        1.43             0

F.      ?              ?

If A is the L.R., how much B is required to completely 

consume A?
 required Bmol1.502










Amol1

Bmol2
Amol751.0

However, we only have 1.43 mol B, so B must be 

the L.R.



Limiting Reagent

Solution: 

A    +    2B     P

Initial    0.751      1.43          0

Final      ?              0

 B. with reactA  mol0.715









Bmol2

Amol1
Bmol43.1.0

So, 0.751 mol A – 0.715 mol A = 0.036 mol A remain after 

the reaction is complete.  All of B is consumed.

If B is the L.R., how 

much is required to 

completely consume 

A?



Limiting Reagent


