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Chapter 5: Density, Specific Gravity, and Specific Volume

Objectives

✓ Define density, specific gravity, and specific volume and determine each 

through appropriate calculations.

✓ Apply specific gravity correctly in converting weight to volume and volume 

to weight.

Density (d) is mass per unit volume of a substance. 

Unit: grams per cubic centimeter (g/cc)

For water: 1 gram is defined as the mass of 1 cc of water at 4C,

→ density of water is 1 g/cc

Specific gravity (sp gr) is a ratio, expressed decimally, of the weight of a 

substance to the weight of an equal volume of a substance chosen as a standard, 

both substances at the same temperature or the temperature of each being 

known.

✓ In the United States Pharmacopeia, the standard temperature for specific 

gravities is 25 ֯ C, except for that of alcohol, which is 15.56 ֯ C.

✓ Water is used as the standard for the specific gravities of liquids and solids

✓ The most useful standard for gases is hydrogen.



EX: If 10 mL of sulfuric acid weighs 18 g, and 10 mL of water, under similar 
conditions, weighs 10 g, the specific gravity of the acid is

Substances with sp. gr. < 1 are lighter than water. 

Substances with sp. gr. > 1 are heavier than water

Density vs Specific Gravity

Density Specific gravity

Density has a unit. Dimensionless (has no unit, it is a

ratio)

Value changes depending on the unit value is constant under controlled

conditions

Water density = 1g/ml = 1000g/L =

62.5 lb/ft3

Specific gravity of water always =1
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Calculations of specific gravity

1. known weight and volume

Ex: If 54.96 mL of an oil weighs 52.78 g, what is the specific gravity of the oil?

weight of equal volume of water: 54.96 mL of water weighs 54.96 g

Specific gravity of oil=
52.78 𝑔

54.96 𝑔
= 0.9603

EX: If a pint of a certain liquid weighs 601 g, what is the specific gravity of the
liquid?

Equal volume of water =1 pint = 16 fl. oz. 

16 fl. oz. of water weighs 473 g

Specific gravity of liquid =
601 𝑔

473 𝑔
= 1.27

2. Pycnometer or specific gravity bottle
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Determine the weight of the pycnometer empty, filled with water, and filled with 

liquid for which we need to determine the specific gravity. Use the measurements 

in the equation below

3. Displacement or plummet method

Based on Archimedes’ principle: A body immersed in a liquid displaces an 

amount of the liquid equal to its own volume and suffers an apparent loss in 

weight equal to the weight of the displaced liquid.

Weigh the plummet in air, suspended in water, and suspended I the liquid for 

which specific gravity is to be determined. From these weights we can determine 

the weights of equal volumes needed in the calculations

Use of specific gravity in calculation of weight and volume

• When specific gravity is used as a factor in a calculation, the result should 

contain no more significant figures than the number in the factor.

• Specific gravity is a factor that expresses how much heavier or lighter a 

substance is than water where water is the standard with a sp gr of 1.0.

• A liquid with a specific gravity of 1.25 is 1.25 times as heavy as water

• A liquid with a specific gravity of 0.85 is 0.85 times as heavy as water.

Calculating weight, knowing the volume and Sp Gr

Grams = Milliliters X Specific gravity 

Weight = volume X Sp Gr

Page 5 of 11



Ex: What is the weight, in grams, of 2 fl. oz. of a liquid having a specific gravity of

1.118?

convert fl.oz to ml: 2 X 29.57 mL = 59.14 mL

59.14 mL of water weigh 59.14 g

59.14 g X 1.118 = 66.12 g

calculating volume, knowing the weight and Sp Gr

Milliliters = Grams / Specific gravity 

volume = weight / Sp Gr

What is the volume, in milliliters, of 492 g of nitric acid with a specific gravity of

1.40?

492 g of water measure 492 mL 

492 mL/ 1.40 = 351 mL

What is the volume, in milliliters, of 1 lb of methyl salicylate with a specific

gravity of 1.185?

1 lb = 454 g

454 g of water measure 454 mL 

454 mL/ 1.185 = 383.1 mL

What is the volume, in pints, of 50 lb of glycerin having a specific gravity of 1.25?

50 lb = 454 g X 50 = 22,700 g

22,700 g of water measure 22,700 mL and 1 pint = 473 mL
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22,700 mL/ 1.25 = 18,160 mL

18,160 ml / 473 mL per pint = 38.4 pints

What is the cost of 1000 mL of glycerin, specific gravity 1.25, bought at $54.25

per pound?

1000 mL of water weigh 1000 g

Weight of 1000 mL of glycerin = 1000 g X 1.25 = 1250 g

1 lb = 454 g

454 (g) ($) 54.25

1250 (g) ?

? = (($) 54.25 X 1250 g)/454 g = $149.37

Special Considerations of Specific Gravity

• Pharmaceutical Applications

• Conversion of the weight of an ingredient to volume and vise versa
• Measure the weight when formula is expressed in unit of volume or 

weigh an equivalent amount when formula is expressed in units of 

volume

• Calculate equivalent strength of a preparation on the basis of weight or 

volume

• Automated Total Parenteral Nutrition (TPN) compounders

• Clinical applications

• Important factor in urinalysis

• Normal Sp Gr of urine is 1.010 – 1.025

• Higher than normal sp gr: urine is concentrated possible due to excess 

electrolytes, glucose, protein or water loss.
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• Lower than normal sp gr: urine is dilute possibly due to renal disease or 

diabetes insipidus

Specific Volume

Specific volume, in pharmaceutical practice, is an abstract number representing 

the ratio, expressed decimally, of the volume of a substance to the volume of an 

equal weight of another substance taken as a standard, both having the same 

temperature.

Water is the standard

Specific gravity: comparison of weights of equal volumes 

Specific volume: comparison of volumes of equal weights

➢ Specific volume = 1/specific gravity

If the substance is heavier than water: sp gr >1 , specific volume < 1 

If the substance is lighter than water: sp gr < 1, specific volume >1

Specific gravity: comparison of weights of equal volumes 

Specific volume: comparison of volumes of equal weights

➢ Specific volume = 1/specific gravity

Ex: Calculate the specific volume of a syrup, 91.0 mL of which weighs 107.16 g.

Specific volume of the syrup = (91 𝑚𝑙)/(107.16𝑚𝑙) = 0.849 

The specific gravity of the syrup = 1/0.849 = 1.178



Lactic acid concentration 85 g/100 g of solution

We need 1.5 g to fill the prescription, now convert the weight to volume 

85 g 100 g

1.5 g ? ? = (1.5 g X 100 g)/85 g = 1.765 g

Now calculate the volume of 1.765 g of lactic acid using its sp gr 

ml = g / sp gr = 1.765 / 1.21 = 1.459 = 1.46 ml

HW:

Problem 11

Problem 27

Problem 32

Problem 33
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