Chapter 4

Density Handout

Density - a measure of the quantity of mass of a substance that occupies

                one unit of volume. 


It is an intensive physical property.
Remember: Changes in temperature (T) and pressure (P) have little effect in the densities of liquids and solids.  The density of a gas is dependent on T & P.

Density= mass 

or  
D = M
        volume


       V

Density's units are grams/liters (g/L) or grams/centimeters cubed (g/cm3) or grams/milliliters (g/ml)

Steps to Calculating Density Problems: 

1. Write down unknown information (i.e. what you are looking for).  You are usually trying to determine either the mass, volume, or density. 

2. Write down what you know 

3. Write out the formula that you need to use (Density= mass/volume) or use dimensional analysis (set-up ratios so that units cancel until you go from known units to unknown units)  

4. Plug the numbers you are given into the formula (show work if you need to convert units into other units. (e.g. grams into kilograms) 

5. Do math. (make sure to have units on all numbers and keep appropriate sig fig and scientific notation). 

6. Check answer including correct number of sig figs, scientific notation, and proper units! 
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Example (Using Equations) 

Question: A piece of lead has a mass of 22.7 grams and has a density of  0.114 g/cm3 ?  What is the volume (in liters) of this piece? 

· Step 1 :Write down unknown information:  V or volume in L  

· Step 2 :  Write down what you know 

                Mass or M=22.7 grams, density or D= 0.114 g/cm3  

· Step 3:  Write down formula you need.  

   Density= mass 

or  
D = M
   
        volume


       V

· Step 4 : Do Math

D = M
          V


   0.114 g/cm3 = 22.7 g



         x


x =       22.7g        =    199.1 cm3            

        0.114 g/cm3




Need to convert cm3 to liters (L)

(199.1 cm3 ) (      1 L ) ( 1.0 ml ) = 0.1991 L = 0.199L  

           1000ml    1.0 cm3
· Step 5 : Check answer to make sure in correct sig fig & scientific notation.     
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Example (Using Dimensional Analysis) 

Question: A piece of lead has a mass of 22.7 grams and has a density of  0.114 g/cm3 ?  What is the volume (in liters) of this piece? 

Solution: 

· Step 1 :  Write down unknown information:  V or Volume in L  

· Step 2 :  Write down what you know 

                Mass or M=22.7 grams, density or D= 0.114 g/cm3  

· Step 3:  Write down how you go from known units to unknown units.  

(22.7g ) (    1cm3  ) ( 1.0 L     ) (1.0 ml  )   

    0.114g       1000ml     1.0 cm3
· Step 4 : Do Math

(22.7g ) (    1cm3  ) ( 1.0 L     ) (1.0 ml  ) = 0.1991 L = 0.199L  

    0.114g       1000ml     1.0 cm3
· Step 5 : Check answer to make sure in correct sig fig & scientific notation.     

Chapter 4

Density Handout

Page 4

Calculating Volume in Density Problems

There are two ways of calculating volume in density problems:

a. “Regular” shaped objects 

b. “Irregular” shaped objects

A  “regular” shaped objects is an object that you can find a mathematical formula (e.g. rectangular: V=(L)(W)(H)) to find its volume.  You simply convert all the length units to the appropriate units and then do the appropriate mathematical manipulation to find the volume.

An “irregular” shaped object is an object where there is no defined mathematical formula to find its volume.  To find the volume for these types of objects, you can use the water displacement method to find its volume. This method states that the increase in the water volume when you submerge an “irregular” shaped object in a column of water equals the volume of the object or as an equation: 


Volume of “irregular’ shaped = Volume of water     -      Volume of water






       after add object            before add object

Or Read the following information on how to find the volume of an irregular shaped object in a lab setting. 

http://wl.k12.in.us/es/concepts/density2.htm

USING THE "WATER DISPLACEMENT METHOD" TO DETERMINE THE VOLUME AN IRREGULARLY SHAPED OBJECT 
When trying to measure the volume of an irregularly shaped object, the "water displacement method" is the most commonly used technique and the one you will use most often in this chemistry course. The procedure for the water displacement method is listed below. 

PROCEDURE: 

1) Find a graduated cylinder that will be large enough to fit the object(s) being measured. 

2) Fill this graduated cylinder enough so that when placed in the graduated cylinder, the object(s) in question will be fully submerged in the water. Also be careful not to put in so much water that the water level will rise past the graduated cylinder’s markings when the object(s) are placed in the graduated cylinder. You must use your own judgement to determine what amount of water meets these requirements. 

3) After filling the graduated cylinder to a satisfactory level, record the volume of the water as (a) in your data. Make sure to read the meniscus when determining volume. 

4) After the water’s volume has been recorded, carefully place the object(s) in the graduated cylinder and record this volume as (b) in your data. 

5) In order to calculate the volume of the irregularly shaped object(s), subtract the volume of the water alone from the volume of the water and object(s) [(b) – (a)]. 

HINTS & TIPS: 

* Note that if the object(s) are not fully submerged in the water, the recorded volume of the object(s) is invalid. 

* Also, if placing the object(s) in the graduated cylinder causes the water level rises past the graduated cylinder’s markings, an accurate reading cannot be made. 

* Always mass the object(s) before determining volume with the water displacement method. By massing the object(s) after placing them in water, one allows the chance for water to remain on the object(s) after being removed from the graduated cylinder. This could result in the water being massed and, in turn, lead to a source of error. 

* Use the smallest possible graduated cylinder that is sufficient for measuring the object(s). Smaller graduated cylinders are oftentimes capable of making more accurate measurements than larger graduated cylinders. 

* The object(s) being measured should not be dropped into the graduated cylinder. This could result in water splashing onto the sides if the graduated cylinder. This water’s volume would go unrecorded and alter the recorded volume of the object(s) in question resulting in a source of error

http://wl.k12.in.us/es/concepts/density2.htm

