 CHAPTER 1 - MATTER, MEASUREMENTS, AND CALCULATION

Chemistry - 

· A branch of science that deals with the systematic study of the properties of matter and the changes they undergo.  

· Often referred to as the "central science" - it serves as a necessary foundation for many other scientific disciplines, such as biology, geology, medicine, physics, etc.

· It also plays a crucial role in responding to the needs of society. 

· We use chemistry to discover new processes, develop new sources of energy, produce new materials, provide more food, and ensure better health. 

Matter - The material of the universe - thing that has mass and occupies space.  

· Matter can be a single chemical substance or a complex mixture of substances. 

· They also come in many shapes, sizes and colors.

Properties and Changes:-

· Physical property – one that is related to the physical state of the substance and can be observed or measured without altering the compositions: color, melting point, boiling point, density, hardness (for solids), volatility (for liquid), etc.

· Chemical property – one that is associated with reactivity or how a substance reacts with other substances, such as, reactivity towards oxygen (combustibility) and/or water; corrosiveness, chemically stable, etc.

· Physical change – one that does not involve a change in composition;

· Chemical change – one that results in a change of composition;

Exercise-1

1.
Classify each of the following as a physical or chemical property:


(a) Sugar is soluble in water;

(c) Gasoline is a very inflammable substance;


(b) Clorox is strong bleach.

(d) Ethyl alcohol boils at 78oC.

2.
Classify the following as a physical change or a chemical change:


(a) The grape juice has fermented;
(c) Rock salt is crushed into powder;


(b)  Ether quickly vaporizes;

(d)  The egg is hard boiled;

__________________________________________________________________________

A Model of Matter 

· Atom - the smallest particle that represents the limit of chemical subdivision of matter;

· Molecule - the smallest particle of a pure substance that has the chemical properties of that substance and is capable of stable independent existence; they may be composed of single atoms (He, Ne, Ar, etc.), diatomic (H2, N2, O2), or polyatomic (C12H22O11).

· Scientific Model (or theory) – an explanation of observed behavior; 

· Scientific law - a concise statement or mathematical equation about a behavior of nature, such as the behavior of gases. 

Classification of Matter –

· Element – a substance that is made up of a single type of atoms.

· Compound – a pure substance that is made up of two or more elements chemically combined in fixed proportions;

· Homogeneous mixture – matter composed of two or more components in which the compositions are variable and the components are indistinguishable from each other;

· Heterogeneous mixture – matter composed of two or more components that are visibly distinguishable from each other;

1.5  Numbers and Units of Measurement

The property of matter may be studied through qualitative observations or quantitative measurements. The use of qualitative measurements and calculations enable us to understand more about the physical and chemical properties of matter.

Measurements = number + unit 

Numbers - the decimal form and the scientific notation


Scientific notation ( N x 10x, 


where,  N = 1 through 9.99999..(<10), 


and x is an integer (whole number: 1, 2,..), called the exponent

Examples:
1.  93 000 000 = 9.3 x 10 000 000 ( 9.3 x 107

2.  270 000  =  2.7 x 100 000  (  2.7 x 105

3.  0.000 235 = 2.35 x 0.000 01 ( 2.05 x 10-4 


4.  453.6 x 103 = 4.536 x 102 x 103 ( 4.536 x 105
In scientific notation,  105 ( 10 x 10 x 10 x 10 x 10 = 100 000


and  10-5  ( 1/105 =  (1/10) x (1/10) x (1/10) x (1/10) x (1/10)  = (1/100000) 

Units :  

· English or Imperial units:- 

· Length: inch, ft, yd, mi;   

· Mass: oz, lb, ton;

· Volume: pint, qt, gall;

· Metric System:

· Length: millimeter (mm), centimeter (cm), meter (m), kilometer (km), etc. 

· Mass: milligram (mg), gram (g), kilogram (kg);

· Volume: milliliter (mL), liter (L), cm3 (= mL), m3 .  

· SI unit - derived from the metric system; it uses the following base units:

· kilogram (kg) for mass; meter (m) for length; cubic meter (m3) for volume, Kelvin (K) for temperature; Joule (J) for heat and energy; second (s) for time, Coulomb (C) for charge, ampere (A) for current; 

Important Prefixes (the letter symbols) and their Powers of 10 

Tera (T)
= 1012 = 1 000 000 000 000


Giga (G)
= 109
= 1 000 000 000 
(e.g. 1 Gb = 109 bytes)


Mega (M)
= 106
= 1 000 000  

(1 MHz = 106 Hertz)


kilo (k)

= 103 
= 1,000 

(1 kg = 103 grams)


deci (d)
= 10-1
= 0.1


(1 dL = 10-1 liter)


centi (c)
= 10-2
= 0.01 

(1 cm = 10-2 meter)


milli (m)
= 10-3
= 0.001 

(1 mg = 10-3 grams)


micro ()
= 10-6
= 0.000 001 

(1 mol = 10-6 mole)


nano (n)
= 10-9
= 0.000 000 001 
(1 nm = 10-9 meter)


pico (p)
= 10-12 = 0.000 000 000 001  (1 pm = 10-12 m)

Unit Conversions in the Metric System: 


1 km = 103 m; 
1 km = 105 cm;
1 km = 106 mm;


1 cm = 10-2 m; 
1 mm = 10-3 m;
1 cm = 10 mm



1 m = 10-6 m;  
1 m = 10-3 mm;
1 m = 10-4 cm;



1 nm = 10-9 m;  
1 nm = 10-6 mm;
1 nm = 10-7 cm;


1 L = 1 dm3;

1 L = 103 cm3;  
1 L = 103 mL


1 mL = 1 cm3;
1 mL = 10-3 dm3;
1 mL = 10-3 L


1 m3  = 1 m x 1 m x 1 m  = (102 cm) x (102 cm) x (102 cm) =  106 cm3 = 103 L

Conversions Involving English and Metric Systems:  

    English to Metric: 1 inch = 2.54 cm (exactly);  1 yd = 0.9144 m;


1 gall. = 3.7854 L;
1 qt = 946.4 mL;
1 lb  = 453.6 g;

    Metric to English:
1 kg = 2.205 lb;  
1 m = 39.37 in = 1.0936 yd.




1 L = 1.0566 qt = 2.113 pt

Exercise-2:

1.
Write the following numbers using the proper scientific notation:


(a) 625 000

(b) 0.004730

(c) 453.6 x 102 

2.
Write the following numbers in the decimal form


(a) 1.68 x 104 

(b) 8.21 x 10-2 
(c) 53.7 x 10-2 
3.
A nickel weighs 12.0 g. What is the mass of a nickel (a) in milligrams (mg), and (b) in kilograms (kg) ?

4.
A standard Olympic swimming pool is 50 meters long. What is the length (a) in kilometer (km) and (b) in centimeters (cm)?

5.
An aquarium with the dimension of 3.0 ft long, 2.0 ft wide, and 2.5 ft tall is completely filled with water. What is the volume of water in: (a) cu. ft.; (b) gallons, and (c) liters? (1 cu.ft. = 7.5 gall.;  1 gall. = 3.785 L)

___________________________________________________________________________

Temperature Scales:

· Degree Celsius (oC);

· Degree Fahrenheit (oF);

· Kelvin (K)

Setting up the Temperature scales:


Freezing point of water = 0oC = 32oF = 273 K


Boiling point of water = 100oC = 212oF = 373 K


100 divisions in oC = 180 divisions in oF = 100 divisions in K


(1 division in oC = 1.8 divisions in oF = 1 division in K)



ToF =  (ToC x  1.8oF) + 32oF  =  (ToC x  9oF) + 32oF





 1oC


      5oC



ToC =  (ToF -  32oF)(1oC)  = (ToF - 32oF)(5oC)




     1.8oF

      9oF



T(K) =  ToC (1 K) + 273 K;  
ToC =  T K (1oC) – 273oC 




        1oC


       1 K

Exercise-3:

1. 
Express the temperature 77 K in degrees Celsius and  Fahrenheit.

2.
What is the temperature 51oC (of a hot tub) in Kelvin and in degrees Fahrenheit ?

3.
An antifreeze solution boils at 239oF.  What is this temperature on the Celsius scale?

_________________________________________________________________________

1.8  Significant Figures


This is the number of digits in a measured or calculated value that are considered important (significant), which normally contains ONE uncertain digit. All measured values must be recorded with correct significant figures according to the degree of certainty provided by the instruments.

Every measurement contains an uncertainty that is characteristic of the devices or instruments. Each device has its own limitation in term of the degree of accuracy when used to take a certain measurement. These limitations are expressed in the form of significant figures.  For example, suppose that a 25-mL sample of a liquid is measured using a graduated cylinder that can be read to the nearest 0.1 mL. The volume of the liquid will be expressed as 25.0 mL.  The volume is expressed to three significant figures, the last digit is the uncertain digit because it is an estimated value.  If a 25-mL pipet or a buret were used to deliver the liquid, the same volume would be expressed as 25.00 mL, which contains four significant figures. (Note: the zeros after the decimal are counted as significant.) Since pipets or burets can give more digits (significant figures) than a graduated cylinder, volume measured using a pipet or buret results in a higher degree of certainty (or smaller degree of error).


A simple “top-pan” balance may give the mass of an item as 7.55 g (three significant digits).  An analytical balance may give the mass of the same item as 7.5475 g, which gives the mass certainty to 5 significant digits. For the given object, the uncertainty of a "top-pan" balance lies on the third digit, but it lies on the fifth digit for an analytical balance.

Rules for Counting Significant Figures:

1.
All non-zero digits are significant and must be counted.

2.
All captive zeros are also significant;

3.
Leading zeros are not significant and need not be counted.

4.
Trailing zeros are not counted as significant digit if the value does not show a decimal point, but are counted as significant if the value has the decimal point indicated.

5.
Exact numbers are values obtained by counting or given by definition. Such values have unlimited significant figures (it has zero uncertainty). For example, the number of apples in a basket is an exact number; 1 inch = 2.54 cm is also an exact number and implies unlimited significant figures.

Exercise-4:

1.
Give the number of significant figures for each of the following measurements:


(a)  0.0108 g


(d) 110 cars


(g)  480 oranges


(b)  0.4260 g


(e) 100. cm


(h)  3.7050 g


(c)  5.030 x 103 ft

(f)  2.500 x 102 mL

(i)  100.10 cm 

___________________________________________________________________________

Rules for Determining Significant Figures in Calculations

1.
In multiplication and divisions, the answer should have the same number of significant figures as one with the least significant figures.  Examples:


a) 5.62 cm x 1.45 cm x 0.93 cm = 7.57857 cm3, which is rounded off to 7.6 cm3

b)  20.505 g  = 2.6980263 g/cm3 is rounded off  to 2.7 g/cm3.


      7.6 cm3 


c) (3.60 x 8.312)  = 6.6496, rounded off to 6.6 



4.5

2.
In addition and subtraction, the answer should have the same digits after the decimal as one with the least decimal places. (If any of the values has zero digit after the decimal, the answer should not have any decimal place also.)


Examples:


a) 12.11 + 18.0 - 1.013 = 29.097, which is rounded off to 29.1

b) 12.11 + 18 + 1.013 = 31.123 is rounded off to 31
Exercise-5:

1.
Carry out the following mathematical operations and give the answers in the correct number of significant figures:


(a)  5.18 x 0.0208 = ? 


(d)  (1.33 x 2.8) + 8.41 = ?


(b)  21 + 13.8 + 130.36 = ?

(e)  (12.6 + 0.53) x 4.55 = ?


(c)  (25.36 - 4.5) ÷ 2.317 = ?

__________________________________________________________________________

1.9  Using Units in Calculations - Dimensional Analysis

What is dimensional analysis?


It is a method of calculation by multiplying a given value in a certain unit with one or more conversion factors that would yield a result in another unit that we want.


RESULT = Data x Conversion Factor(s);

For  example, for 1 inch = 2.54 cm,  the conversion factors are: 2.54 cm  or  1 inch, 










 1 inch
        2.54 cm 

Which conversion factor you should use in calculations depends on what unit is in the original data given and the unit that should be present in the final answer. For example, if a bicycle has its frame size given as 62.0 cm, what would be the size in inches?

Solution: Since we are converting centimeters to inches, the second conversion factor will be used in this calculation. That is,


62.0 cm x  1 inch_  = 24.4 inches  (the answer is rounded off to 3 significant figures)



    2.54 cm

[Note that, the original unit given in the data will cancel out and leaving a unit that we want.]

Exercise-6:

1.
How tall is a basketball player in centimeters if he is 6 ft. 8 in. tall?  (Give the answer to the nearest cm; conversion:  ft ( in ( cm)

2.
Convert 42 km to miles. (1 mi = 1760 yd, and 1 yd = 0.9144 m)



(Conversion needed:  km ( m ( yd ( mi)

3.
A man weighed 144 apples in a large basket and the total weight of apples and basket was 62.5 pounds. If the empty basket weighs 2.75 kg, calculate the average weight of one apple in grams. (1 lb. = 453.6 g; 1 kg = 1000 g)

__________________________________________________________________________

1.10  Calculating Percentages


Percent(%) = (amount of specific item in a sample) x 100%





Total amount of sample

Example: A solution contains 15 mL of alcohol and 60. mL of water. The percent of alcohol is 


(      15 mL       ) x 100% = (15 mL) x 100% = 20.%


(15 mL + 60 mL)

  75 mL

Exercise-7:

1.
When 1000 g of seawater is completely evaporated, it yields 35 g of salt. What is the percentage of salt in the seawater?

2.
Urea contains 46% (by mass) of nitrogen. How many grams of nitrogen are contained in 454 g of urea?

3.
A brand of wine contains 11% (by volume) of alcohol. How much pure alcohol is in a 750-mL bottle of this wine?

__________________________________________________________________________

1.11 - Density: 

Density is an intensive property - a property that does not depend on the quantity of the substance.  It may be used to determine the identity or purity of a substance.  Mass and volume are extensive properties; their values depend on the quantity of substance.  


Density  = (Mass/Volume) ;
  Mass = Density x Volume;
Volume = (Mass/Density)

Units for density are: g/cm3 or g/mL (for liquids and solids), and g/L (for gases)

The density of solids is not much affected by changes in temperature or pressure. The density of liquids is only slightly affected by temperature.  For example, the density of water is 1.000 g/cm3 at 4oC and 0.99821 g/cm3 at 20oC. 

For gases, their densities vary significantly with changes temperature and pressure. For example, the density of CO2 is 1.96 g/L at 0oC and 1 atm; 1.80 g/L at 25oC and 1 atm, and 1.35 g/L at 25oC and 0.75 atm.

Determination of Density


The density of a substance is calculated from its mass and volume.  Mass can be accurately measured with analytical balances. For liquids, the volume can be measured accurately using a buret or pipet.  For a solid object with regular shapes (cubic, rectangular, spherical, or cylindrical), the volume can be calculated from its dimensions using the following formulas:


For a cubic or rectangular object: Volume = length x width x thickness


For a cylindrical object: Volume =  x radius2 x height = r2h

For a spherical object: Volume = (4/3)r3 (r = radius)

For an irregularly shaped object, the volume can be determined by the displacement method.  According to Archimedes principle, when an object is completely immersed in a liquid, the volume of liquid displaced is equal to the volume of the object."  

Exercise-8:

1.
A solid cylindrical metal object, which is 6.10 cm long and 2.16 cm in diameter, weighs 60.35 g. What is the density of metal. Is the metal zinc (d = 7.2 g/cm3), aluminum (d = 2.70 g/cm3), or silver (d = 10.5 g/cm3)

2.
Several pieces of zinc weighing 30.0 g are placed into a graduated cylinder, which contains 20.0 cm3 of water.  The zinc pieces are completely immersed and the water level rises to 24.2 cm3.  What is the density of zinc?

3.
What is the volume of ether if its mass is 500. g and its density is 0.736 g/mL?

4.
Calculate the mass of 950. mL of alcohol if its density is 0.785 g/mL.

_________________________________________________________________________
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