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Atoms, Molecules, and Ions
Name________________Per_____
You should NOT use a calculator − use just your periodic table.
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1. Analysis of which pair of substances could be used to illustrate the law of multiple proportions?

a. SO2 , H2SO4
b. CrF2, CrF3



c. H2O , O2
d. CH4 , C6H12O6
e. NaCl , KCl

2. A molecule of water contains hydrogen and oxygen in a 1:8 ratio by mass. This is a statement of __________. 

a. the law of multiple proportions 

b. the law of constant composition



c. the law of conservation of mass 

d. the law of conservation of energy 

e. none of the above 

3. Which one of the following is NOT one of the postulates of Dalton's atomic theory? 

a. Atoms are composed of protons, neutrons, and electrons.



b. All atoms of a given element are identical; the atoms of different elements are different and have different properties. 

c. Atoms of an element are not changed into different types of atoms by chemical reactions: atoms are neither created nor destroyed in chemical reactions. 

d. Compounds are formed when atoms of more than one element combine; a given compound always has the same relative number and kind of atoms. 

e. Each element is composed of extremely small particles called atoms. 

4. Which of the following is NOT true concerning cathode rays?

a. They originate from the negative electrode called the cathode.

b. They travel in straight lines in the absence of electric or magnetic field

c. They would not be visible if there were no gas at all in the tube

d. They are made up of electrons.

e. The characteristics of cathode rays depend on the material from which they are emitted.



5. Isotopes are atoms that have the same number of ____ but different number of ______

a. protons, electrons

b. neutrons, protons

c. protons, neutrons



d. electrons, protons

e. neutrons, electrons

6. 
Which statement below correctly describes the responses of alpha, beta, and gamma radiation to an electric field? 

a. Both beta and gamma are deflected in the same direction, while alpha shows no response. 

b. Both alpha and gamma are deflected in the same direction, while beta shows no response. 

c. Both alpha and beta are deflected in the same direction, while gamma shows no response. 

d. Alpha and beta are deflected in opposite directions, while gamma shows no response.



e. Only alpha is deflected, while beta and gamma show no response.

7. Which of the following is a correct interpretation of the results of Rutherford’s experiments in which gold atoms were bombarded with alpha particles?

a. Electrons in atoms are negative.

b. Atoms consist mostly of empty space

c. The positive charge of an atom is found in a small dense region.


d. Electrons are attracted to the heavy positively charged alpha particles.

e. Alpha particles are smaller than the nucleus.

8. The charge on the electron, was determined in the ____

a. cathode ray tube, by J.J. Thomson.

b. Rutherford gold foil experiment.

c. Millikan oil drop experiment.



d. Dalton atomic theory.

e. mass spectrometer by Henri Becquerel.

9. All isotopes of a particular element must have the same

a. mass

b. number of protons



c. number of neutrons

d. number of protons and neutrons

e. number of electrons

10. There are ______ electrons, _______ protons, and ______ neutrons in an atom of 
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a. 54, 54, 78



b. 54, 54, 77

c. 54, 54, 132

d. 78, 78, 54

e. 78, 78, 132

11. Of the choices below, which one is NOT an ionic compound?

a. PCl5



b. MoCl6
c. RbCl5
d. PbCl2
e. NaCl
12. 
Which pair of atoms constitutes a pair of isotopes of the same element?

a. 
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b. 
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c. 
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e. 
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13. In the symbol below, x = __________. 

· 
[image: image12]
a. 12 

b. 13 

c. 6 

d. 7 

e. not enough information to determine


14. Silver has two naturally occurring isotopes with the following isotopic masses 

· 
[image: image13]= 106.90509         
[image: image14]= 108.9047


The fractional abundance of the lighter of the two isotopes is closest to

a. 0.25

b. 0.45

c. 0.55



d. 0.75

e. exactly the same as the heavier isotope

15. The most abundant isotopes of hydrogen and oxygen are 
[image: image15], 
[image: image16], 
[image: image17], and 
[image: image18], respectively. Using these isotopes only, what is the number of different possible values for the molar mass of water in grams?

a. 3

b. 4



c. 5

d. 6

e. 8

16. When a metal and a nonmetal react, the _______ tends to lose electrons and the ______ tends to gain electrons.

a. metal, metal

b. nonmetal, nonmetal

c. metal, nonmetal



d. nonmetal, metal

e. none of the above, these elements would share electrons
17. 
Which pair of elements would you expect to exhibit the greatest similarity in their physical and chemical properties?

a. C , Pb

b. O, S



c. K , Ca

d. H , He

e. Si , P

18. Elements in group 1A are known as _____

a. chalcogens

b. alkaline earth metal

c. halogens

d. alkali metals



e. noble gases

19. Elements in group 7A are known as _____

a. chalcogens

b. alkaline earth metal

c. halogens


d. alkali metals


e. noble gases

20. Which one of the following does NOT occur as diatomic molecules in elemental form?

a. oxygen

b. sulfur



c. hydrogen

d. nitrogen

e. bromine

21. The molecular formula of a compound is always _________ the empirical formula

a. more complex than

b. different from

c. a whole number multiple of 



d. the same as

e. simpler than

22. Which of these experiments led to a deeper understanding of the nature of the electron?

I. Cathode Ray Tube

II. Gold Foil Experiment

III. Oil Drop Experiment

a. I only

b. II only

c. I and II only

d. I and III only


e. I, II, and III
23. 
Which pair of atoms contain the same number of neutrons?

a. 35Cl and 37Ar

b. 32S and 37Cl

c. 31P and 31S

d. 31P and 30P

e. 30Si and 32S



f. Of the three types of radioactivity characterized by Rutherford, which are not particles? 

g. β-rays 

h. α-rays and β-rays 

i. α-rays 

j. γ-rays



k. α-rays, β-rays, and γ-rays 

24. Of the following, which contains the greatest number of electrons?

a. P3+
b. P

c. P2−
d. P3−



e. P2+
25. Which particle has 54 electrons?

a. 
[image: image19]
b. 
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c. 
[image: image21]
d. 
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e. 
[image: image23]
26. Element X reacts with sodium to form an ionic compound with the formula Na3X. Element X must be a member of which group?

a. 1A

b. 3A

c. 5A



d. 6A

e. 7A

27. A certain nonmetallic element forms a compound with gallium having the general formula Ga2X3 Element X is a member of which group?

a. 1A

b. 2A

c. 3A

d. 5A

e. 6A


28. 
The elements of which group are most likely to form ions by losing two electrons?

a. 1A

b. 2A



c. 3A

d. 5A

e. 6A

29. Name the following compounds:

a. Ba(OH)2
_______________________________

b. H2SO4
_______________________________

c. H2SO3
_______________________________

d. NH4NO3
_______________________________

e. Sn(CO3)2
_______________________________

f. CCl4
_______________________________

g. N2O5
_______________________________

h. CuBrO3
_______________________________

i. Au3N
_______________________________

j. HNO2
_______________________________

k. (NH4)3PO3
_______________________________

l. PbS2
_______________________________

30. Write the formula for the following compounds:

a. perchloric acid   _______________________

b. chlorous acid   _______________________

c. diphosphorus pentoxide   ____________________

d. chromium (III) phosphite   __________________

e. zinc cyanide   _______________________

f. magnesium acetate   ________________________

g. lead (II) nitrite   ________________________

h. silver phosphite   _______________________

i. gallium acetate   _______________________

j. cobalt (III) iodate   _______________________

k. acetic acid
___________________________

l. carbonic acid
___________________________

1. b
The Law of Multiple Proportions states: If two elements form more than one compound between them, then the ratios of the masses of the second element which combine with a fixed mass of the first element will be ratios of small whole numbers. In order to demonstrate this law you need to analyze two different compounds made of the same elements.

2. b
Since water is H2O, and two hydrogen’s (1 g each) weigh 2 g and one oxygen weighs 16 g, the mass ration 2:16, reduced to 1:8 is true for water, this is the Law of Constant Composition (aka Law of Definite Proportions).

3. a
Review the postulates of Dalton’s Atomic Theory on page 36 in your text. Note that a) is not one of the postulates. Dalton thought of atoms as solid round spheres. In the 1820’s he did not know about the subatomic particles, the electrons and protons were not “discovered” until the 1890’s.

4. e
Cathode rays are beams of electrons in a cathode ray tube (recall from first year chem class − ask in the fall if you do not remember such demonstration) and since they “rays” are simply a beam of electrons, the metal that the electrode from which the beam of electron rises will not affect the beam because all electrons are the same. Just as in the words of “A rose is a rose is a rose,” we can say an electron is an electron.

5. c
Isotopes are atoms of the same element (all having exactly the same number of protons) with varying numbers of neutrons. The term isotope can refer to an atom or ion, thus the term isotope gives you no information about the number of electrons.

6. d
We will do more work with alpha, beta, and gamma radiation as the year progresses. For now, it is important to know that this radiation arises from radioactive material. Alpha and beta radiation are actually particles: alpha particles have a positive change and they are fairly heavy (they are essentially a helium nucleus − two protons and two neutrons), beta particles have a negative charge and are nearly massless (they are essentially electrons.) Gamma radiation is massless − high energy, much like X-rays.

7. c
Rutherford’s gold foil experiment led to a deeper understanding of the inner arrangement of the atom and “discovered” the nucleus.

8. c
Thomson’s work with cathode rays only allowed the m[image: image1][image: image25.emf]128 2-
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easurement of a charge to mass ratio for the electron. When Millikan’s oil drop experiment allowed the determination of the charge of an electron, the mass was a simple calculation from Thomson’s charge to mass ratio.

9. b
All atoms of the same element must have the same number of electrons. Isotopes have varying number of neutrons.

10. a
Recall that the mass number is placed in the tope left position, the atomic number is placed at the lower left position. The atomic number tells us the number of protons which is equal to the number of electrons for an atom (not for an ion) and the atomic number subtracted from the mass number will equal the number of neutrons.

11. a
Metals combined with nonmetals are ionic. Compounds made of groups of nonmetals are molecular compounds.

12. b
Isotopes of the same element must have the same atomic number and thus the same number of protons.

13. e
Since the x represents the mass number and that can vary for an element with varying number of neutrons (different isotopes) the x can not be known exactly without more info.

14. c
When considering this problem, first round the mass values to whole numbers, 107 and 109. Since the average molar mass of silver is 107.87, closer to the lighter isotope, a and b are not options. If the lighter isotope were 75%, the average mass would be closer to 107.5, thus the only option, without a calculator, must be c, 55%

15. b
Look at the options: 1+1+16=18, 1+1+17=19, 1+2+16=19(repeat), 1+2+17=20, 2+2+16=20(repeat), 2+2+17=21, thus a total of four molar mass options for H2O.

16. c
metals have fewer valence electrons than nonmetals, and metals have loose valence electrons and lose them to achieve an octet. Nonmetals have more valence electrons which are held more tightly and therefore nonmetals gain electrons to achieve an octet.

17. b
Elements in the same chemical family (vertical group) exhibit similar chemical properties because the elements in the same column have the same number of valence electrons.

18. d
Elements in group 1A (or more simply, just named group 1) are called the alkali metals because when dropped into water a reaction occurs producing a basic (alkaline) solution.

19. c
The elements in group 7A (or named 17) are called the halogens from Swedish for “salt former.”

20. b
You should know the seven elements that occur naturally as diatomic molecules: H2, N2, O2, F2, Cl2, Br2, I2. For our purposes, most of the time we will consider all other elements as monatomic, however, sulfur, a solid at room temperature forms 30 different allotropes (more than any other element), the most common of which is S8.

21. c
An empirical formula is the lowest whole number ratio of compound’s molecular formula. For instance, glucose with the molecular formula C6H12O6 , has the empirical formula CH2O with a whole number multiple of 6. The compound formaldehyde, who’s actual molecule CH2O, has an empirical formula that is the same as its molecular formula, the whole number multiple being 1. Of course the same is true for water, H2O for which the empirical and molecular formula’s are the same.

22. d
Reread answers to numbers 7 and 8 for further clarification.

23. e
This question requires that you subtract the mass numbers (given for each isotope) from their atomic numbers and both 30Si (30−14) and 32S (32−16) have 16 neutrons.

24. d
Review the answer to question number 6

25. d
Remember that when electrons are gained, a negative ion results, and a loss of electrons causes a positive ion. An atom of phosphorus has 15 protons and 15 electrons, however the ion P3− with its 3− charge must have gained 3 electrons for a total of 18 electrons.

26. b
For this question, the mass number is of little consequence, you simply need to consider the atomic number and the charge. For the tellu[image: image26.emf]132
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ride ion 
[image: image24], the number of electrons will be 54 since an atom of tellurium would have 52 protons and 52 electrons and the 2− ion would have gained two more electrons for a total of 54.

27. c
Since sodium always carries a 1+ charge as an ion, the element that would cause the need for three of the sodium ions to occur in a formula must have a charge of 3−. This of course is the case for the elements in group 5A (group 15), the nitrogen group with its 5 valence electrons and its drive to grab three more electrons to achieve the stable valence configuration of 8 valence electrons.

28. e
Gallium ions carry the charge 3+ and there are two of them present for a total charge of 6+, thus the three ions of element X must produce a total 6− charge. Since there are 3 X ions present in the chemical formula, each X ion must carry a 2− charge, and group 6, the oxygen family carries a 2− charge.

29. b
Group II are metallic elements with two valence electrons which are easily given up.

30. naming

a. barium hydroxide

b. sulfuric acid

c. sulfurous acid
Need more help with naming acids? The chart below is on your pink sheet (and pg 61-62 in text).

d. ammonium nitrate

e. tin(IV) carbonate

f. carbon tetrachloride

g. dinitrogen pentoxide

h. copper(I) bromate

i. gold(I) nitride

j. nitrous acid

k. ammonium phosphite

l. lead(IV) sulfide

31. writing formulas

a. HClO4
b. HClO2
c. P2O5
d. CrPO3
e. Zn(CN)2
f. Mg(C2H3O2)2
g. Pb(NO2)2
h. Ag3PO3
i. Ga(C2H3O2)3
j. Co(IO3)3

k. HC2H3O2
l. H2CO3
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