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Physical and Chemical Properties

Contents

• Identify properties of and changes in matter as 

physical or chemical

• Identify properties of matter as extensive or intensive

والكيميائيةالفيزيائيةوتغيراتهاالمادةخصائصتحديد •

.مكثفةأوالنطاقواسعةأنهاعلىالمادةخصائصتحديد •
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The characteristics that distinguish one substance from another are called 
properties. A physical property is a characteristic of matter that is not 
associated with a change in its chemical composition. Familiar examples of 
physical properties include density, color, hardness, melting and boiling 
points, and electrical conductivity. Some physical properties, such as density 
and color, may be observed without changing the physical state of the 
matter. Other physical properties, such as the melting temperature of iron or 
the freezing temperature of water, can only be observed as matter undergoes 
a physical change. A physical change is a change in the state or properties of 
matter without any accompanying change in the chemical identities of the 
substances contained in the matter. Physical changes are
observed when wax melts, when sugar dissolves in coffee, and when steam 
condenses into liquid water (Figure 1). Other examples of physical changes 
include magnetizing and demagnetizing metals (as is done with common 
antitheft security tags) and grinding solids into powders (which can 
sometimes yield noticeable changes in color). In each of these examples, 
there is a change in the physical state, form, or properties of the substance, 
but no change in its chemical composition.
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خاصيةهيالفيزيائيةالخاصية .الخواصتسُمىأخرىعنمادةتمُيزّالتيالخصائص

 :الفيزيائيةالخواصعلىالمألوفةالأمثلةمن .الكيميائيتركيبهافيبتغيرترتبطلاللمادة
يمكن .الكهربائيوالتوصيل،والغليانالانصهارودرجتي،والصلابة،واللون،الكثافة

.للمادةائيةالفيزيالحالةتغييردون،واللونكالكثافة،الفيزيائيةالخواصبعضملاحظة

لاحظتُُفلا،الماءتجمددرجةأوالحديدانصهاركدرجة،الأخرىالفيزيائيةالخواصأما

أوالمادةحالةفيتغيرهوالفيزيائيالتغير .فيزيائيلتغيرالمادةخضوععندإلا

هاتحتويالتيللموادالكيميائيةالخصائصفيمصاحبتغيرأيدونخصائصها

تكثفوعند،القهوةفيالسكرذوبانوعند،الشمعذوبانعندالفيزيائيةالتغيراتتلُاحظ

مغنطة :الفيزيائيةالتغيراتعلىالأخرىالأمثلةومن .(1)الشكلسائلماءإلىالبخار

وطحن،(السرقةضدالشائعةالأمانبطاقاتمعالحالهوكما)مغنطتهاوإزالةالمعادن

.(اللونفيملحوظةتغيراتإلىأحياناًيؤُديقدمما)مساحيقإلىالصلبةالمواد

،المادةخصائصأو،الشكلأو،الفيزيائيةالحالةفيتغييرهناك،الأمثلةهذهمنكلفي

.الكيميائيتركيبهافيتغييريوجدلاولكن



5

(a) Wax undergoes a physical change when solid wax is 
heated and forms liquid wax. (b) Steam condensing inside a 
cooking pot is a physical change, as water vapor is changed 
into liquid water.

يشكل شمعاً يتعرض الشمع لتغير فيزيائي عندما يتم تسخين الشمع الصلب و( أ)

سائلً 

ل بخار الماء يعد تكثف البخار داخل وعاء الطهي تغيرًا فيزيائياً، حيث يتحو( ب)
.إلى ماء سائل
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A chemical change always produces one or more types of matter that differ from the 
matter present before the change. The formation of rust is a chemical change because 
rust is a different kind of matter than the iron, oxygen, and water present before the 
rust formed. The explosion of nitroglycerin is a chemical change because the gases 
produced are very different kinds of matter from the original substance. Other 
examples of chemical changes include reactions that are performed in a lab (such as 
copper reacting with nitric acid), all forms of combustion (burning), and food being 
cooked, digested, or rotting (Figure 2).

ينُتجُالتغيرُالكيميائيُدائمًاُنوعًاُواحدًاُأوُأكثرُمنُالموادُيختلفُعنُالمادةُ

ةُعنُيعُدُّتكوّنُالصدأُتغيرًاُكيميائياًُلأنُالصدأُمادةُمختلف. الموجودةُقبلُالتغير

رًاُيعُدُّانفجارُالنيتروجلسرينُتغي. الحديدُوالأكسجينُوالماءُالموجودةُقبلُتكوّنه

ومنُالأمثلةُ. كيميائياًُلأنُالغازاتُالناتجةُموادُمختلفةُتمامًاُعنُالمادةُالأصلية

مثلُتفاعلُ)الأخرىُعلىُالتغيراتُالكيميائيةُالتفاعلاتُالتيُتجُرىُفيُالمختبرُ

،ُوطهيُالطعامُأوُ(الحرق)،ُوجميعُأشكالُالاحتراقُ(النحاسُمعُحمضُالنيتريك

(.2الشكلُ)هضمهُأوُتعفنهُ
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(a) Copper and nitric acid undergo a 
chemical change to form copper nitrate 
and brown, gaseous nitrogen dioxide. (b) 
During the combustion of a match, 
cellulose in the match and oxygen from 
the air undergo a chemical change to 
form carbon dioxide and water vapor. (c) 
Cooking red meat causes a number of 
chemical changes, including the 
oxidation of iron in myoglobin that 
results in the familiar red-to-brown color 
change. (d) A banana turning brown is a 
chemical change as new, darker (and less 
tasty) substances form.

.  بنييخضعُالنحاسُوحمضُالنيتريكُلتغيرُكيميائيُلتكوينُنتراتُالنحاسُوثانيُأكسيدُالنيتروجينُالغازيُال( أ)

يُأثناءُاحتراقُعودُثقاب،ُيخضعُالسليلوزُفيُعودُالثقابُوالأكسجينُمنُالهواءُلتغيرُكيميائيُلتكوينُثان( ب)

يؤديُطهيُاللحومُالحمراءُإلىُعددُمنُالتغيراتُالكيميائية،ُبماُفيُذلكُأكسدةُ( ج. )أكسيدُالكربونُوبخارُالماء

إنُتحولُالموزُإلىُاللونُالبنيُ( د. )الحديدُفيُالميوغلوبينُمماُيؤديُإلىُتغييرُاللونُالأحمرُإلىُالبنيُالمألوف

(.وأقلُطعمًا)هوُتغيرُكيميائيُحيثُتتشكلُموادُجديدةُأغمقُ
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Properties of matter fall into one of two categories. If the property depends on the 
amount of matter present, it is an extensive property. The mass and volume of a 
substance are examples of extensive properties; for instance, a gallon of milk has a larger 
mass than a cup of milk. The value of an extensive property is directly proportional to the 
amount of matter in question. If the property of a sample of matter does not depend on 
the amount of matter present, it is an intensive property. Temperature is an example of 
an intensive property. If the gallon and cup of milk are each at 20 °C (room temperature), 
when they are combined, the temperature remains at 20 °C. As another example, 
consider the distinct but related properties of heat and temperature. A drop of hot 
cooking oil spattered on your arm causes brief, minor discomfort, whereas a pot of hot oil 
yields severe burns. Both the drop and the pot of oil are at the same temperature (an 
intensive property), but the pot clearly contains much more heat (extensive property).

كتلةُ. إذاُكانتُالخاصيةُتعتمدُعلىُكميةُالمادةُالموجودة،ُفهيُخاصيةُواسعة. تنقسمُخصائصُالمادةُإلىُفئتين

.  وحجمُالمادةُمثالانُعلىُالخصائصُالواسعة؛ُعلىُسبيلُالمثال،ُجالونُمنُالحليبُلهُكتلةُأكبرُمنُكوبُمنُالحليب

إذاُكانتُخاصيةُعينةُمنُالمادةُلاُتعتمدُعلىُكميةُ. قيمةُالخاصيةُالواسعةُتتناسبُطردياًُمعُكميةُالمادةُالمعنية

إذاُكانُجالونُوكوبُالحليبُكلُ. درجةُالحرارةُمثالُعلىُالخاصيةُالمكثفة. المادةُالموجودة،ُفهيُخاصيةُمكثفة

كمثالُ. درجةُمئوية20،ُفعندُدمجهما،ُتبقىُدرجةُالحرارةُعندُ(درجةُحرارةُالغرفة)درجةُمئوية20ُمنهماُعندُ

قطرةُمنُزيتُالطهيُالساخنُ. آخر،ُضعُفيُاعتباركُالخصائصُالمتميزةُولكنُالمرتبطةُللحرارةُودرجةُالحرارة

كلُمنُ. المتناثرُعلىُذراعكُتسببُانزعاجًاُقصيرًاُوبسيطًا،ُبينماُينتجُعنُقدرُمنُالزيتُالساخنُحروقُشديدة

،ُولكنُمنُالواضحُأنُالقدرُيحتويُعلىُحرارةُأكبرُ(خاصيةُمكثفة)القطرةُووعاءُالزيتُلهماُنفسُدرجةُالحرارةُ

(.خاصيةُواسعة)بكثيرُ
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Measurements

Contents

• Explain the process of measurement

• Identify the three basic parts of a quantity

• Describe the properties and units of length, mass, 

volume, density, temperature, and time

• Perform basic unit calculations and conversions in the 

metric and other unit systems

ح عملية القياس .شر
.تحديد الأجزاء الأساسية الثلاثة للكمية

وصف خصائص ووحدات الطول، والكتلة، والحجم، والكثافة، ودرجة الحرارة، 
.والزمن

ي وأنظمة الوحدات • ي النظام المتر
 
إجراء حسابات الوحدات الأساسية وتحويلها ف

.الأخرى
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Measurements provide much of the information that informs the hypotheses, 
theories, and laws describing the behavior of matter and energy in both the 
macroscopic and microscopic domains of chemistry. Every measurement provides 
three kinds of information: the size or magnitude of the measurement (a number); a 
standard of comparison for the measurement (a unit); and an indication of the 
uncertainty of the measurement. While the number and unit are explicitly 
represented when a quantity is written, the uncertainty is an aspect of the 
measurement result that is more implicitly represented and will be discussed later.

اتُتوُفرُالقياساتُجزءًاُكبيرًاُمنُالمعلوماتُالتيُتبُنىُعليهاُالفرضياتُوالنظري

.والقوانينُالتيُتصفُسلوكُالمادةُوالطاقةُفيُالمجالينُالمجهريُوالعيانيُللكيمياء

؛ُومعيارُ(رقم)حجمُأوُمقدارُالقياسُ: يقُدمُكلُقياسُثلاثةُأنواعُمنُالمعلومات

فيُحينُيمُثلُالرقمُ. ؛ُومؤشرًاُعلىُعدمُاليقينُفيُالقياس(وحدة)مقارنةُللقياسُ

والوحدةُصراحةًُعندُكتابةُالكمية،ُفإنُعدمُاليقينُهوُجانبُمنُجوانبُنتيجةُ

.القياسُيمُثلُبشكلُضمني
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Units, such as liters, pounds, and centimeters, are standards of comparison for 
measurements. A 2-liter bottle of a soft drink contains a volume of beverage that is 
twice that of the accepted volume of 1 liter. The meat used to prepare a 0.25-pound 
hamburger weighs one-fourth as much as the accepted weight of 1 pound. Without 
units, a number can be meaningless, confusing, or possibly life threatening. Suppose a 
doctor prescribes phenobarbital to control a patient’s seizures and states a dosage of 
“100” without specifying units. Not only will this be confusing to the medical
professional giving the dose, but the consequences can be dire: 100 mg given three 
times per day can be effective as an anticonvulsant, but a single dose of 100 g is more 
than 10 times the lethal amount.
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Everyday measurement units are often defined as fractions or multiples of other units. 
Milk is commonly packaged in containers of 1 gallon (4 quarts), 1 quart (0.25 gallon), 
and one pint (0.5 quart). This same approach is used with SI units, but these fractions 
or multiples are always powers of 10. Fractional or multiple SI units are named using
a prefix and the name of the base unit. For example, a length of 1000 meters is also 
called a kilometer because the prefix kilo means “one thousand,” which in scientific 
notation is 103 (1 kilometer = 1000 m = 103 m). The prefixes used and the powers to 
which 10 are raised are listed in Table 1.3.
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SI Base Units

The initial units of the metric system, which eventually evolved into 

the SI system, were established in France during the French 

Revolution. The original standards for the meter and the kilogram 

were adopted there in 1799 and eventually by other countries. This 

section introduces four of the SI base units commonly used in 

chemistry.

وحداتالنظامإلىلاحقاًتطورتوالتي،المتريللنظامالأوليةالوحداتوُضعت

الأصليةالمعاييرفرنساواعتمدت .الفرنسيةالثورةخلالفرنسافي،(SI)الدولي

هذايقدم .لاحقاًأخرىدولاعتمدتهاثم،١٧٩٩عامهناكوالكيلوغرامللمتر

.لكيمياءافيالاستخدامالشائعةالأساسيةالدوليالنظاموحداتمنأربعاًالقسم
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SI Base Units

Length

The standard unit of length in both the SI and original metric 
systems is the meter (m). A meter was originally specified as 
1/10,000,000 of the distance from the North Pole to the equator. It 
is now defined as the distance light in a vacuum travels in 
1/299,792,458 of a second. A meter is about 3 inches longer than a 
yard; one meter is about 39.37 inches or 1.094 yards. Longer 
distances are often reported in kilometers (1 km = 1000 m = 103 
m), whereas shorter distances can be reported in centimeters (1 
cm = 0.01 m = 10−2 m) or millimeters (1 mm = 0.001 m = 10−3 m).
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SI Base Units

Mass

The standard unit of mass in the SI system is the kilogram (kg). A 
kilogram was originally defined as the mass of a liter of water (a 
cube of water with an edge length of exactly 0.1 meter). It is now 
defined by a certain cylinder of platinum-iridium alloy, which is 
kept in France. Any object with the same mass as this cylinder is 
said to have a mass of 1 kilogram. One kilogram is about 2.2 
pounds. The gram (g) is exactly equal to 1/1000 of the mass
of the kilogram (10−3 kg).
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SI Base Units

Temperature

Temperature is an intensive property. The SI unit of temperature is 
the kelvin (K). The IUPAC convention is to use kelvin (all lowercase) 
for the word, K (uppercase) for the unit symbol, and neither the 
word “degree” nor the degree symbol (°). The degree Celsius (°C) is 
also allowed in the SI system, with both the word “degree” and the 
degree symbol used for Celsius measurements. Celsius degrees are 
the same magnitude as those of kelvin, but the two scales
place their zeros in different places. Water freezes at 273.15 K (0 
°C) and boils at 373.15 K (100 °C) by definition, and normal human 
body temperature is approximately 310 K (37 °C). The conversion 
between these two units and the Fahrenheit scale will be discussed 
later in this chapter.
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SI Base Units

Time

The SI base unit of time is the second (s). Small and large time 
intervals can be expressed with the appropriate prefixes; for 
example, 3 microseconds = 0.000003 s = 3 × 10−6 and 5 
megaseconds = 5,000,000 s = 5 × 106 s.
Alternatively, hours, days, and years can be used.
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Derived SI Units

Volume

Volume is the measure of the amount of space occupied by an object. The 
standard SI unit of volume is defined by the base unit of length (Figure 3). The 
standard volume is a cubic meter (m3), a cube with an edge length of exactly one 
meter. To dispense a cubic meter of water, we could build a cubic box with edge 
lengths of exactly one meter. This box would hold a cubic meter of water or any 
other substance.

A more commonly used unit of volume is derived from the decimeter (0.1 m, or 
10 cm). A cube with edge lengths of exactly one decimeter contains a volume of 
one cubic decimeter (dm3). A liter (L) is the more common name for the cubic 
decimeter. 

A cubic centimeter (cm3) is the volume of a cube with an edge length of exactly 
one centimeter. The abbreviation cc (for cubic centimeter) is often used by 
health professionals. A cubic centimeter is equivalent to a milliliter (mL) and is 
1/1000 of a liter.
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Derived SI Units

Volume

Figure 3 (a) The relative volumes are shown for cubes of 1 m3, 1 dm3 (1 L), and 1 cm3 

(1 mL) (not to scale). (b) The diameter of a dime is compared relative to the edge 
length of a 1-cm3 (1-mL) cube.
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Derived SI Units

Density

The density of a substance is the ratio of the mass of a sample of 
the substance to its volume. The SI unit for density is the kilogram 
per cubic meter (kg/m3). 

For many situations, however, this as an inconvenient unit, and we 
often grams per cubic centimeter (g/cm3) for the densities of 
solids and liquids, and grams per liter (g/L) for gases.

Although there are exceptions, most liquids and solids have 
densities that range from about 0.7 g/cm3 (the density of gasoline) 
to 19 g/cm3 (the density of gold). The density of air is about 1.2 
g/L.
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Derived SI Units

Density
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Derived SI Units

Density


