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SCH3U Practice Final Exam 

Note: this review contains test bank questions and is just one review tool. Use all quizzes, tests, labs and class notes as well.

Multiple Choice
Identify the choice that best completes the statement or answers the question.
____
1.
Which of the following matches of group number and common name is incorrect?

	a.
	Group 7 - transition metals
	d.
	Group 2 - actinides

	b.
	Group 2 - alkali earth metals
	e.
	Group 18 - noble gases

	c.
	Group 17 - halogens

	
	


____
2.
Which of the following is a non-metal in Period 6?
	a.
	astatine
	d.
	radon

	b.
	iodine
	e.
	rubidium

	c.
	polonium

	
	


____
3.
When elements are arranged in order of increasing atomic mass, their chemical properties repeat at regular intervals.  This statement is the definition of 

	a.
	atomic mass
	d.
	law of constant composition

	b.
	periodic law
	e.
	law of conservation of mass

	c.
	limitations of the periodic table

	
	


____
4.
Why does electron affinity increase from bottom to top in a chemical family?

	a.
	Nuclear charge increases from bottom to top in a chemical family.

	b.
	Nuclear charge decreases from bottom to top in a chemical family.

	c.
	The number of energy levels increases from bottom to top in a chemical family.

	d.
	The number of energy levels decreases from bottom to top in a chemical family.

	e.
	The number of electrons increases from bottom to top in a chemical family.

	
	


____
5.
Elements X and Y are in the same chemical family. Element X has a first ionization energy of 7.646 eV (electron volts). Element Y has a first ionization energy of 5.695 eV. Which is more reactive?

	a.
	X

	b.
	Y

	c.
	They are equally reactive.

	d.
	not enough information

	e.
	X will be more reactive provided it reacts with another member of its family.

	
	


____
6.
Examine the following 1st, 2nd, and 3rd ionization energies.

	
	1st (eV)
	2nd (eV)
	3rd (eV)

	Element X
	5.139
	47.286
	71.64

	Element Y
	7.646
	15.035
	80.143

	Element Z
	21.564
	40.962
	63.45


Element X is most likely a

	a.
	Group 1 element
	d.
	Group 17 element

	b.
	Group 2 element
	e.
	noble gas

	c.
	transition metal

	
	


____
7.
If XF2 is the correct formula for a metallic fluoride, then the formula for the oxide of X is

	a.
	X2O
	d.
	XO2

	b.
	XO
	e.
	X2O2

	c.
	XO4


____
8.
Classify the following reaction: 2NaClO3    2NaCl  +  3O2

	a.
	combustion
	d.
	single displacement

	b.
	synthesis
	e.
	double displacement

	c.
	decomposition


____
9.
When the equation H3PO4  + BaCO3 ( Ba3(PO4)2 + H2O  + CO2 is balanced the coefficient for CO2  is
	a.
	1
	d.
	4

	b.
	2
	e.
	5

	c.
	3

	
	


____
10.
Classify the following chemical reaction: 2 AsCl3  +  3 H2S    As2S3   +  6 HCl

	a.
	combustion
	d.
	single displacement

	b.
	synthesis
	e.
	double displacement

	c.
	decomposition

	
	


____
11.
A compound was found to contain 10.06% carbon, 89.10% chlorine, and 0.84% hydrogen, by mass. If the molar mass of the compound was found to be 119.6 g/mol, its molecular formula will be

	a.
	CHCl3
	d.
	C3H3Cl3

	b.
	CH3Cl
	e.
	C3HCl

	c.
	CH3Cl3


	
	


____
12.
The limiting reagent of a chemical reaction is

	a.
	the reactant of a chemical process that is not consumed completely

	b.
	the product of a chemical process that is consumed completely

	c.
	the product of a chemical process that is not consumed completely

	d.
	the reactant of a chemical process that is consumed completely

	e.
	none of the above

	
	


____
13.
Sodium phosphate, Na3PO4, can be prepared by combining sodium hydroxide and hydrogen phosphate as shown in the following balanced chemical equation:   3NaOH  +  H3PO4  [image: image1.png]


  Na3PO4  +  3H2O

If 2.5 mol of H3PO4  are reacted, the number of moles of water that will be produced is

	a.
	1.0
	d.
	5.0

	b.
	2.5
	e.
	7.5

	c.
	3.0

	
	


____
14.
Potassium chloride and oxygen gas are formed upon heating potassium chlorate. The following balanced equation shows this decomposition process: 2KClO3  [image: image2.png]


  2KCl  +  3O2

The number of moles of KClO3 required to produce 5.0 mol of oxygen is

	a.
	1.0
	d.
	3.3

	b.
	2.0
	e.
	5.0

	c.
	3.0

	
	


____
15.
Determine the number of grams of CO2 that can be produced from 48.0 g of the hydrocarbon C3H6, according to the following equation: 2C3H6  +  9O2  [image: image3.png]


  6CO2  +  6H2O

	a.
	37.6 g
	d.
	151 g

	b.
	50.2 g
	e.
	188.4 g

	c.
	87.8 g

	
	


____
16.
Which of the following is not an electrolyte?

	a.
	sugar dissolved in water
	d.
	a basic solution

	b.
	salt dissolved in water
	e.
	Gatorade solution

	c.
	an acid solution




____
17.
Identify the correct conjugate acid-base pairs given,  H2O + CO32-  (  HCO3- +  OH-
	a.
	H2O and OH-
	d.
	H2O and CO32-

	b.
	CO32- and HCO3-
	e.
	H2O and HCO3-

	c.
	HCO3- and OH-

	
	


____
18.
For which of the following pairs can the metal ions be separated by adding a solution of HCl(aq)?
	a.
	NaNO3  and Hg2NO3
	d.
	Fe(NO3)2 ad Al(NO3)3

	b.
	AgNO3 and Hg2NO3
	e.
	none of the above

	c.
	Ca(NO3)2 and Sr(NO3)2

	
	


____
19.
Which of the following would NOT precipitate the CO32– ion?

	a.
	Co2+
	d.
	Ba2+

	b.
	H+
	e.
	Pb2+

	c.
	Mg2+

	
	


____
20.
Which of the following is NOT a strong base?

	a.
	NaOH(aq)
	d.
	CsOH(aq)

	b.
	KOH(aq)
	e.
	Mg(OH)2(aq)

	c.
	LiOH(aq)

	
	


____
21.
The volume of a confined gas can be lowered by increasing the pressure acting upon the gas (assuming constant temperature). The difference in volume is best explained by which property of gas molecules?

	a.
	Gas molecules have high vibrational motion.

	b.
	Gas molecules move in straight line motion.

	c.
	Gas molecules are considered dimensionless points.

	d.
	Gas molecules have elastic collisions with one another.

	e.
	Gas particles are very far apart at low pressure.

	
	


____
22.
Which of the following statements are true?

(i)    As temperature goes down, molecules move more rapidly.

(ii)   If the volume is constant, an increase in pressure may be a result of an increase in the number of              molecules in the container.

(iii) The molecules of a gas are in constant, random, and nonlinear motion.

(iv) The volume of a given mass of gas varies directly with its absolute temperature when the pressure remains constant.

	a.
	(i) and (ii)
	d.
	(i) and (iii)

	b.
	(ii) and (iii)
	e.
	(ii) and (iv)

	c.
	(iii) and (iv)

	
	


____
23.
A sample of O2 occupies a volume of 47.2 L under a pressure of 165.320 kPa at 298 K. What volume would it occupy at 298 K if the pressure was reduced to 97.325 kPa?

	a.
	27.8 L
	d.
	47.8 L

	b.
	29.3 L
	e.
	80.2 L

	c.
	32.3 L

	
	


____
24.
Which measurement has the highest pressure?

	a.
	3.0 mm Hg
	d.
	They are all equivalent

	b.
	3.0 atm
	e.
	3.0 tor

	c.
	3.0 kPa

	
	


____
25.
Which of the following express standard atmospheric pressure?

	a.
	125 kPa
	d.
	96.7 kPa

	b.
	100 atm
	e.
	10.0 atm

	c.
	1.00 atm

	
	


____
26.
For any confined ideal gas, when the temperature is increased and the volume is decreased at the same time, the

	a.
	molecules move more slowly
	d.
	pressure stays constant

	b.
	average kinetic energy is decreased
	e.
	pressure increases

	c.
	number of collisions is decreased

	
	


____
27.
If the pressure of a gas is constant and the temperature is increased, the density will

	a.
	remain constant

	b.
	increase

	c.
	decrease

	d.
	reach a maximum value

	e.
	fluctuate randomly based on air currents

	
	


____
28.
A rigid container contains 2.50 mol O2, 0.50 mol N2, and 1.00 mol CO2. The total pressure of the system is 200 kPa. The partial pressure exerted by the O2 in the mixture is

	a.
	100 kPa
	d.
	200 kPa

	b.
	125 kPa
	e.
	none of the above

	c.
	150 kPa

	
	


____
29.
Four gases are mixed together in the same container. The partial pressures are as follows:


Gas A – 65 kPa

Gas B – 40 kPa

Gas C – 160 kPa
Gas D – 80 kPa



Select the correct completion:  The number of molecules of Gas D ________

	a.
	Is less than the # molecules in gas A
	d.
	Is half the # of molecules of gas C

	b.
	Is double the number than in gas C
	e.
	none of the above

	c.
	Is half the # of molecules in gas B

	
	


____
30.
Other factors remaining constant, the volume of an ideal gas is NOT affected by changes in the 
	a.
	Number of molecules present
	d.
	pressure

	b.
	temperature
	e.
	all of the above

	c.
	Molar mass of a gas

	
	


____
31.
Three moles of H2 gas measured at STP, occupy
	a.
	11.2 L
	d.
	27.4 L

	b.
	22.4 L
	e.
	67.2 L

	c.
	44.8 L

	
	


____
32.
The random motion of molecules helps to explain:
	a.
	The compressibility of gases
	d.
	The transparency of gases

	b.
	The low density of gases
	e.
	The freakiness of gases

	c.
	The fact that gases fill their container


Completion
Complete each statement.

33.
A diagram that shows the electron configuration of an atom is known as ___________________________.

34.
______________________ is a convenient method of  showing the valence electrons of an atom.

35.
The mass of an element in a compound divided by the total mass of that compound, then multiplied by 100 is known as ______________________________.

36.
Gold and oxygen can combine to form two compounds of different combining proportions. Resulting formulas of these compounds include Au2O and ____________________.

*37.
A(n) ____________________ ray is a quantum of energy of very high frequency and very short wavelength.

*38.
A symbol that can be used to represent a proton in a nuclear equation is [image: image4.png]


. An alternate symbol that identifies the same particle is ____________________.

39.
____________________ is the process of decomposing ionic solids into their respective ions.

40.
Oil and water are referred to as ____________________ because they separate into distinct layers rather than dissolving into one another.

41.
Barium sulphate is ____________________ in water according to the solubility rules.

42.
____________________ = –log [H30+]

43.
The hydrogen carbonate ion is ____________________ because it is capable of acting as an acid and a base.

44.
Any moving object has ____________________ energy.

45.
Boyle's law states that the pressure of a gas is ____________________ proportional to the gas's volume, assuming constant temperature and number of particles.

46.
Name the following compounds: Fe(H2PO4)3  ____________________  and NaBrO2 _______________

50.
Provide the chemical formula for each:   nitric acid _______________ and ammonia  ______________
Matching
Match each item with the correct statement below.

	a.
	fission
	f.
	fusion

	b.
	excess reagent
	g.
	gravimetric stoichiometry

	c.
	diatomic
	h.
	alpha ray

	d.
	chemical reaction
	i.
	alpha decay

	e.
	limiting reagent
	j.
	beta decay


____
51.
reactant present in a quantity greater than that needed to react completely with another reactant
____
*52.
process in which an unstable nucleus emits a [image: image5.png]


 nucleus
____
53.
process in which new substance is formed
____
54.
procedure for calculating the masses of reactants or products in a chemical reaction
____
*55.
process in which an unstable nucleus emits a high-speed electron
____
*56.
stream of helium nuclei
____
*57.
splitting of an atomic nucleus into two approximately equal parts
____
58.
What oxygen gas, hydrogen gas, and chlorine has have in common
____
*59.
process in which small nuclei combine to produce a larger nucleus
____
60.
consumed completely in a chemical reaction
Short Answer

61.
Explain how the number of electrons in an atom affects atomic radius.

62.
Explain how first ionization energy is related to atomic radius.
           63.
Predict the products and write a balanced chemical equation for the following chemical reaction:

Aqueous aluminum chloride is added to a solution suspected to contain sodium carbonate.

64.
Predict the products for the following chemical reactions and write a balanced chemical equation, complete states of matter:

a)  lithium + oxygen (
b)  zinc +  aqueous potassium sulphate (
c)  potassium oxide + water (
d) silver nitrate + calcium chloride (

65.
Calculate the number of moles of lead present in 8.6  1017 atoms of Pb.

66.
Zinc oxide can be used for treating certain skin conditions. Determine the molar mass of ZnO.

67.
What is the concentration of hydrogen ions in

(a) acidic solutions

(b) basic solutions

68.
List three important applications of neutralization reactions.

69.
Solve for the missing variable in the following chart:

	V1
	V2
	T1
	T2

	101 L
	125 L
	450 K
	?



70.
Explain how the existence of characteristic line spectra for the elements can be explained by electrons within atoms being confined to a characteristic set of energy levels or orbits.
Problem

71.
Natural magnesium contains three isotopes: Mg-24, Mg-25, and Mg-26. In a sample, 78.70% of the atoms are Mg-24, 10.13% of the atoms are Mg-25, and 11.17% of the atoms are Mg-26. Using a sample population of 10 000 magnesium atoms, calculate the average atomic mass of magnesium.

72.
Determine the mass found in 0.77 mol of calcium hydroxide.

73.
Calculate the mass of 12 ammonia (NH3) molecules.

74.
What is the empirical formula of a compound whose percentage composition is found to be 69.9% iron and 30.1% oxygen?

75.
A compound was found to contain 33.0% Si and 67.0% F, by mass. If the molar mass of the compound is 170.0 g/mol, calculate its molecular formula.

76.
T.S.P. is an all-purpose cleaner that can be used to clean driveways. What volume of solution would you get if you dissolved 150.0 g of sodium phosphate with water to produce a 0.23 mol/L solution?

77.
A "sports drink" contains 50 mg of sodium ions and 55 mg of potassium ions per 400 mL serving. Calculate the concentration of the sodium and potassium ions in ppm.

78.
Complete balanced chemical equations for the following precipitation reactions.  Include the state symbols.



a)  Fe(NO3)2 (aq)  +  NaOH (aq)  ( 


          b)  AgNO3 (aq)   +  MgCl2 (aq)  (
  79.  Complete a balanced total ionic equation and net ionic equation for  Pb(NO3)2 (aq)  +  KI (aq) (

           80.  What concentration results from mixing 400 mL of a 2.0 mol/L HNO3 solution with 600 mL of a 3.0 mol/L HNO3 solution?

81.
A student wishes to precipitate all of the silver ions from 3.0 L of a 0.85 mol/L AgNO3 solution. If the student is aiming to precipitate silver chloride, suggest and calculate an appropriate solute, concentration, and volume for a reacting solution.

82.
Determine the volume occupied by 3.45 g of carbon dioxide gas at STP.

83.
A neon light at the Hull Casino has a volume of 100 L. It is filled with neon gas at a temperature of 27ºC and a pressure of 1000 mm Hg. What would the new pressure of this gas be if the volume is now 120 L and the temperature has dropped to 0ºC?

84.
What would be the difference in size of a 10.5-L balloon filled with He gas at STP if it is brought in from outside to conditions identical to SATP?

85.
Methane gas, CH4, is stored in underground reservoirs formed by adding water to salt deposits and pumping out the brine solution. Another method of storage is in above-ground tanks. An underground reservoir has a capacity of 3.75  106 L of CH4 at a pressure of 350 kPa and a temperature of 15ºC. How many above ground storage tanks of volume 2.9  104 L would be required to store the CH4 at a temperature of –10ºC and at a pressure of 110 kPa?

86.
Magnesium was added to hydrochloric acid, HCl, and produced 5.25 L of H2 gas at a temperature of 325 K and a pressure of 100 kPa. What mass of Mg was used in this single displacement reaction?

87.
What volume of N2 gas can be produced if 7.25 kg of ammonium nitrite is decomposed to produce H2O as the second product of this decomposition reaction? The temperature is 425 K and the pressure is measured to be 275 kPa.


88.
A student collects 300 mL of hydrogen over water at 105.7 kPa and 25oC.  How many moles of the gas were collected?  [hint:  Be sure to correct for vapour pressure]


*89.
The identifying labels have fallen off of five beakers. Create an experimental design that could help you identify the 0.1 mol/L solutions as NaCl(aq), Na2CO3(aq), H2SO4(aq), HF(aq), and KOH(aq).

90.
Give electron dot diagrams for each of the following:



a) sodium fluoride
b) calcium sulphide
c)  hydrogen fluoride
d)  N2O      e)  SO3

91.
Describe and explain what happens to the pressure, volume, temperature, and number of molecules of a gas when a balloon is being inflated and immediately after the balloon has burst. Use the KMT in your response.

	Time
	Pressure
	Volume
	Temperature
	Number of Molecules

	while inflating
	
	
	
	

	immediately after bursting
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1.
D

2.
A

3.
B

4.
D

5.
B

6.
A

7.
B

8.
C

9.
C

10.
E

11.
A

12.
D

13.
E

14.
D

15.
D

16.
A

17.
A and B

18.
A

19.
B
A

20.
E

21.
E

22.
E

23.
E

24.
B

25.
C

26.
E

27.
C

28.
B

29.
D

30.
C

31.
E

32.
C
COMPLETION

33.
Bohr-Rutherford Diagram

34.
Lewis-dot diagrams

35.
percentage composition

36.
Au2O3

37.
gamma

38.
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39.
 Dissociation

40.
immiscible

41.
insoluble

42.
pH

43.
amphiprotic

44.
kinetic

45.
inversely

46.
iron (III) dihydrogen phosphate, sodium bromite

50.
HNO3 (aq) and NH3
MATCHING

51.
B

52.
I

53.
D

54.
G

55.
J

56.
H

57.
A

58.
C

59.
F

60.
E
SHORT ANSWER

61.
The number of electrons affects the atomic radius in two ways. First, the number of populated energy levels; the more energy levels, the larger the atomic radius. Second, the number of electrons; the more electrons between the nucleus and the valence electrons, the more shielding occurs and the larger the atomic radius.

62.
The smaller the atomic radius, the stronger the nucleus holds its electrons and the harder it is to remove an electron. The harder it is to remove an electron, the higher the first ionization energy.

63.
2AlCl3(aq)  +  3Na2CO3(aq)  [image: image7.png]


  Al2(CO3)3(s)  +  6NaCl(aq)

64.
4 Li(s)   O2(s) + 2 Li2O(g) ,  no reaction, K2O (s)  + H2O(l) ( 2 KOH(aq),  AgNO3(aq) + Ca2Cl(aq) ( AlCl(s) + Ca(NO3)2(aq)   

65.
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66.
[image: image9.png]Mg = (1x65.39) + (1 x 16.00)
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67.
(a) In acidic solutions, [H+(aq)] > 1  10–7 mol/L

(b) In basic solutions, [H+(aq)] < 1  10–7 mol/L

68.
Neutralization reactions are important in cleaning up acid spills, adjusting the pH level in swimming pools, and in the titration of consumer products to ensure proper quality control.

69.
[image: image10.png]125Lx450K
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70.
Line spectra indicate that electron energy losses are restricted to a finite number of possibilities.  The allowed energy changes correspond to a limited number of position changes which in turn correspond to a finite set of orbits.
PROBLEM

71.
Mg-24: 78.70% or 7 870 atoms

Mg-25: 10.13% or 1 013 atoms

Mg-26: 11.17% or 1 117 atoms
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The average atomic mass of magnesium is 24.33 u.

72.
n = 0.77 mol

M = 74.1 g/mol

[image: image13.png]lg
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The mass of 0.77 mol of Ca(OH)2 is 57 g.

73.
[image: image14.png]M= (1x14.01)+ (3x 1.01)
= 17.04 gfmol




Note: There are 6.02  1023 molecules of ammonia in one mole of ammonia.
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The mass of one ammonia molecule is 2.83  10–23 g.

The mass of 12 ammonia molecules is 3.40  10–22 g.

74.


	mFe = 69.9%  100.0 g Fe = 69.9 g
	
	MFe = 55.8 g/mol

	mO = 30.1%  100.0 g O = 30.1 g
	
	MO = 16.00 g/mol


[image: image16.png]
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The molar ratio for Fe:O is 1.25:1.88. Dividing by 1.25 to obtain the lowest ratio, we obtain the molar ratio of Fe:O to be 1:1.5. Multiplying this ratio by 2, we obtain a final 2:3 ratio.

The empirical formula of the compound is Fe2O3.

75.


	mSi = 33.0%  100.0 g Si = 33.0 g
	
	MSi = 28.1 g/mol

	mF = 67.0%  100.0 g F = 67.0 g
	
	MF = 19.0 g/mol


[image: image18.png]
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The molar ratio for Si:F is 1.17:3.53. Dividing by 1.17 to obtain the lowest ratio, we obtain the molar ratio of 1:3. The empirical formula of the compound is SiF3.
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The molecular formula of the compound is Si2F6.

76.
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The volume of the solution will be 4.0 L.

77.
[image: image25.png]
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The concentration of sodium and potassium ions are 1.2  102 ppm and 1.4  102 ppm, respectively.

78. 
a)  Fe(NO3)2 (aq)  + 2 NaOH (aq)  ( Fe(OH)2 +  2 NaNO3

          b)  2 AgNO3 (aq)   +  MgCl2 (aq)  ( 2 AgCl + Mg(NO3)2
           79.  Pb2+(aq)  + 2 NO3- (aq)  + 2 K+ (aq)   + 2  I- (aq) (  PbI2(s) +  2 K+ (aq)   +  2 NO3- (aq)  


80.
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The concentration upon mixing the nitric acid solutions is 2.6 mol/L.

81.
AgNO3(aq)  +  KCl(aq)    AgCl(s)  +  KNO3(aq)

	3.0 L
	v

	0.85 mol/L
	C


[image: image30.png]0.85mol
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Since 1 mol of silver nitrate reacts with 1 mol of potassium chloride, then 2.6 mol of potassium chloride will be required.

[image: image31.png]



An appropriate solute could be potassium chloride with a concentration of 2.6 mol/L. The student could use a 1.0-L volume of this solution.

82.
m = 3.45 g

T = 273 K

P = 101.325 kPa

R = 8.31 kPa L/mol K

V = ?

Convert mass to moles of CO2:
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The volume occupied by the CO2 is 1.76 L.

83.


	P1
	V1
	T1
	P2
	V2
	T2

	1000 mm Hg
	100 L
	27ºC + 273 = 300 K
	?
	120 L
	0ºC + 273 = 273 K


[image: image34.png]PN
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The new pressure of the neon gas will be 758 mm Hg.

84.


	P1
	V1
	T1
	P2
	V2
	T2

	101.325 kPa
	10.5 L
	273 K
	100 kPa
	?
	298 K
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The difference in size would be 11.6 L – 10.5 L = 1.1 L.

85.

	P1
	V1
	T1
	P2
	V2
	T2

	350 kPa
	3.75  106 L
	15ºC + 273 = 288 K
	110 kPa
	?
	–10ºC + 273 = 263 K
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376 tanks would be required to store the CH4 above ground.

86.
Mg(s)  +  2HCl(aq)    MgCl2 (aq)  +  H2 (g)
P = 100 kPa

V = 5.25 L

R = 8.31 kPa L/mol K

T = 325 K

nH2 = ?
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Therefore, 4.72 g of Mg was added to the HCl to form 5.25 L of H2.

87.
NH4NO2 (s)    N2 (g)  +  2H2O(l)
P = 275 kPa

T = 425 K
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Convert kg to g:
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The volume of N2 will be 1.45  103 L.


88-90 = See your Teacher
91.


	Time
	Pressure
	Volume
	Temperature
	Number of Molecules

	while inflating
	increases
	increases
	increases
	increases

	immediately after bursting
	decreases until equal with atmospheric pressure
	increases
	decreases slightly
	constant


Pressure is a measurement of the number of collisions on the sides of the walls. A greater number of particles causes more collisions and, therefore, a greater pressure. Pressure decreases after bursting to equalize with the atmospheric pressure.

The volume of gas increases due to a greater number of particles being added to the elastic balloon. After bursting, the volume occupied by the gas increases because it is no longer being held in a closed container.

Temperature increases while inflating because there are more collisions between particles and walls. As P increases, so does T according to Gay Lussac’s law. Charles's law also states that as volume increases, so does temperature. As the balloon bursts the temperature drops because there is a drop in pressure. The drop in temperature is small due to the increased volume of the gas.

If more He is added, the number of molecules is increased. Molecules are not destroyed or added when the balloon bursts, therefore, the number of molecules is constant.

