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Density, the ratio of mass/voume, has many applications in the chemical industry.  The relationship 

between mass and volume is an important aspect of the characterization and specification of both solids 

and liquids.  For example, valuable metals and gem stones are characterized by their densities.  Bulk 

chemicals are shipped in drums and totes weighing hundreds of pounds.  Conversion of pounds to 

gallons or into metric equivalents is a critical aspect of trade.  Shipping costs are most often determined 

by weight.  Density can be used to quantify the dissolved solids in liquids.  For example, high 

concentrations of salt in brines increase the density of these solutions.   

𝐷𝑒𝑛𝑠𝑖𝑡𝑦 =  𝜌 =  
𝑚

𝑉
 ,             𝑤ℎ𝑒𝑟𝑒 𝑚 = 𝑚𝑎𝑠𝑠 𝑎𝑛𝑑 𝑉 = 𝑣𝑜𝑙𝑢𝑚𝑒 

The most common laboratory units for density are g/cm3 (g/mL), while industrially, a variety of different 

units are encountered: lb/gal,  lb/ft3, and  lb/in3.  

Specific gravity is the density of a substance divided by the density of water.   The density units cancel, 

leaving specific gravity a unitless number.   Since we often assume the density of pure water to be 1.0 

g/mL, the specific gravity usually agrees closely with density. Temperature changes affect the density of 

water, resulting in differences between density and specific gravity of the material being tested.  

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐺𝑟𝑎𝑣𝑖𝑡𝑦 =
𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 𝑙𝑖𝑞𝑢𝑖𝑑

𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟
 

    

Density of Solids 

Measurement of the density of an unknown solid is relatively easy.  Determine both the mass and the 

volume of a substance, then divide the mass by the volume to calculate its density.   

Archimedes (ca. 287-212 BC) was a Greek mathematician who is credited with first discovering and 

characterizing the mass-to-volume relationship of materials.  The king Hiero supposedly challenged 

Archimedes to find out if his goldsmith had replaced some of the king’s gold with silver when making a 

wreath-like  crown.  But, of course, the king will not allow Archimedes to ruin the crown by cutting into 

it.   While struggling with this, he notices that as he gets into a bathtub, the water rises up (overflows) by 

a volume equal to his own body’s volume.  Realizing he has found a way to measure the volume of 

irregular objects such as the crown, he jumps from the tub and runs through the streets screaming 

“Eureka!  Eureka!”  (“I’ve found it!” I’ve found it.”)  Knowing the mass and the volume allows the 

calculation of density.  By comparing the different densities of gold and other pure metals, he was able 

to determine the purity of the gold in the crown.  History is somewhat ambivalent on the fate of the 

goldsmith. 

Archimedes continued his studies and eventually went on to write his law of buoyancy, “The buoyant 

force on an object is equal to the weight of the fluid displaced by the object.”  So, in the case of water, 

the mass of the water displaced is essentially also the volume of water displaced (assuming 1 mL of pure 

water has a mass of 1 gram.)  In other words, solid masses weigh less when submerged in water than 

they do in air.  The difference in the two masses is the mass of the displaced liquid and in the case of 

water the volume of the mass.  So, by dividing the mass of the solid in air by the difference between its 

mass in air and its mass suspended in water, the density is obtained.  Of course, if the liquid is not water, 



then the density of the liquid must be taken into account and the density of the liquid must be used to 

convert the displaced mass into displaced volume before the density of the suspended solid can be 

calculated: 

𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑜𝑙𝑖𝑑 =  𝜌𝑠𝑜𝑙𝑖𝑑 =  
𝑚𝑎𝑖𝑟

𝑚𝑎𝑖𝑟− 𝑚𝑖𝑛 𝑙𝑖𝑞𝑢𝑖𝑑
 (𝜌𝑟𝑒𝑓 𝑙𝑖𝑞), 

    Where ρsolid is the density of the solid being measured, mair is the mass of the solid in air, and minliquid 

is the mass of the solid while suspended in liquid.  The ρref liq is the density of the reference liquid at the 

temperature during the analysis.  (Data available in attached tables for water and alcohol.) 

Specific Gravity Balance – Using Sinker 

An interesting application of this same equation is the determination of the density of a liquid by 

weighing a suspended solid of known mass and volume in the liquid.  Some electronic balances have a 

hook under the balance to weigh masses suspended on a string.  By attaching a glass or metal “sinker” 

to a thin line, it can be easily weighed in the air and when submerged in liquid.   
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The difference between these two masses is the mass of displaced liquid.  The volume of the sinker is 

first calculated from its displaced mass when suspended in pure water.  Knowing the volume of the 

sinker and its mass in air, the density of a liquid may be determined by simply weighing the sinker in the 

sample liquid.  

𝜌𝑢𝑛𝑘𝑙𝑖𝑞 =  
𝑚𝑠𝑖𝑛𝑘𝑒𝑟 𝑖𝑛 𝑎𝑖𝑟 −  𝑚𝑠𝑖𝑛𝑘𝑒𝑟 𝑖𝑛 𝑢𝑛𝑘𝑛𝑜𝑤𝑛 𝑙𝑖𝑞𝑢𝑖𝑑

𝑉𝑠𝑖𝑛𝑘𝑒𝑟   
  

 

Pycnometer Measurement of Specific Gravity 

A pycnometer is a simple container used to compare the densities of liquids.  A simple pycnometer 

could be a graduated cylinder or volumetric flask.  However, most often it is a carefully designed 

container than can be easily filled with an exact, fixed volume of liquid.  A few of the most common 

designs are shown below: 

 

 

 



Figure 1. Various types of Pycnometers. 

  
 

 

Pycnometers are calibrated by filling completely with pure water and weighing the net mass of water.  

The density of water is then used to calculate the exact volume of the pycnometer.  After cleaning and 

drying, an unknown liquid is added to the pycnometer and weighed.  The net mass is then used to 

calculate the density of the unknown liquid: 

 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 =  𝜌 =  
𝑚

𝑉
 ,             𝑤ℎ𝑒𝑟𝑒 𝑚 = 𝑚𝑎𝑠𝑠 𝑎𝑛𝑑 𝑉 = 𝑣𝑜𝑙𝑢𝑚𝑒 

Frequently, the specific gravity of a liquid is desired.  Since the pycnometer volume, V, is constant for all 

liquids and the mass of water from its calibration is known, the only measurement required is the mass 

of the unknown liquid: 

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐺𝑟𝑎𝑣𝑖𝑡𝑦 =
𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 𝑙𝑖𝑞𝑢𝑖𝑑

𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟
=  

𝑚𝑠𝑎𝑚𝑝𝑙𝑒 𝑉𝑠𝑎𝑚𝑝𝑙𝑒⁄

𝑚𝑤𝑎𝑡𝑒𝑟 𝑉𝑤𝑎𝑡𝑒𝑟⁄
=  

𝑚𝑠𝑎𝑚𝑝𝑙𝑒

𝑚𝑤𝑎𝑡𝑒𝑟
 

Discussion Questions:   

1. How would the volume of the sinker affect the reproducibility of the determination?  Is it better to 

use a large sinker or a smaller one?  Explain. 

2. How would the density of the sinker affect the accuracy and reproducibility of the determination?  Is 

it better to use a more-dense or less-dense solid material? 

 

Reference Materials 

1. Determining Density of Solids Equations (Mettler Toledo Balance Manual) 

2. Density Table for Distilled Water, from “American institute of Physics Handbook.” 

3. Density Table for Ethyl Alcohol, from “American institute of Physics Handbook.” 

4. Densities and Specific Gravities of Common Pure Metals 

 



 

 

 

  



 

 



 

Densities of Common Metals 
Source: http://www.coolmagnetman.com/magconda.htm  
 

Density (Measured in Various Units)  
metal g/cm3 lb/in3 lb/ft3   lb/gal  

water 1.00 0.036 62 8.35 

aluminum 2.7 0.098 169 22.53 

zinc 7.13 0.258 445 59.5 

iron 7.87 0.284 491 65.68 

copper 8.96 0.324 559 74.78 

silver 10.49 0.379 655 87.54 

lead 11.36 0.41 709 94.8 

mercury 13.55 0.49 846 113.08 

gold 19.32 0.698 1206 161.23 

     
Specific Gravities (Density of Metal/Density of Water) 

water 1.00 1.00 1.00 1.00 

aluminum 2.70 2.72 2.73 2.70 

zinc 7.13 7.17 7.18 7.13 

iron 7.87 7.89 7.92 7.87 

copper 8.96 9.00 9.02 8.96 

silver 10.49 10.53 10.56 10.48 

lead 11.36 11.39 11.44 11.35 

mercury 13.55 13.61 13.65 13.54 

gold 19.32 19.39 19.45 19.31 
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