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Test Bank

Chapter 2: Life Chemistry and Energy
TEST BANK QUESTIONS

(By Brian Storrie)
Multiple Choice
1. The part of the atom that determines how the atom behaves chemically is the

a. proton.

b. electron.

c. neutron.

d. innermost shell.

e. nucleus.

Answer: b

Textbook Reference: Concept 2.1 Atomic Structure Is the Basis for Life’s Chemistry

Page: 17

Bloom’s Category: 1. Remembering

2. Which component of an atom does not add significantly to its mass?

a. Proton

b. Neutron

c. Electron

d. Both a and b

e. All of the above

Answer: c

Textbook Reference: Concept 2.1 Atomic Structure Is the Basis for Life’s Chemistry

Page: 17

Bloom’s Category: 1. Remembering

3. There are _______ natural elements in the universe.

a. 12

b. 24

c. 66

d. 94

e. 116

Answer: d

Textbook Reference: Concept 2.1 Atomic Structure Is the Basis for Life’s Chemistry

Page: 17

Bloom’s Category: 1. Remembering

4. The atomic number of an element is the same as the number of _______ in each atom.

a. neutrons

b. protons plus electrons

c. protons

d. neutrons plus protons

e. neutrons plus electrons

Answer: c

Textbook Reference: Concept 2.1 Atomic Structure Is the Basis for Life’s Chemistry

Page: 17

Bloom’s Category: 1. Remembering

5. Which of the following elements is contained by all living things?

a. Nitrogen

b. Phosphorus

c. Sulfur

d. Carbon

e. All of the above

Answer: e

Textbook Reference: Concept 2.1 Atomic Structure Is the Basis for Life’s Chemistry

Page: 17

Bloom’s Category: 1. Remembering

6. The mass number of an atom is determined primarily by the _______ it contains.

a. number of electrons

b. number of protons

c. sum of the number of protons and electrons

d. sum of the number of protons and neutrons

e. number of charges

Answer: d

Textbook Reference: Concept 2.1 Atomic Structure Is the Basis for Life’s Chemistry

Page: 17

Bloom’s Category: 1. Remembering

7. The number of protons in a neutral atom equals the number of

a. neutrons.

b. electrons.

c. electrons plus neutrons.

d. neutrons minus electrons.

e. isotopes.

Answer: b

Textbook Reference: Concept 2.1 Atomic Structure Is the Basis for Life’s Chemistry

Page: 17

Bloom’s Category: 1. Remembering

8. An atom with _______ has an atomic mass of 14.

a. 14 neutrons

b. 14 electrons

c. 7 neutrons and 7 electrons

d. 7 protons and 7 electrons

e. 6 protons and 8 neutrons

Answer: e

Textbook Reference: Concept 2.1 Atomic Structure Is the Basis for Life’s Chemistry

Page: 17

Bloom’s Category: 3. Applying

9. Phosphorus has an atomic number of 15 and an atomic mass of 31. How many neutrons does it have?

a. 5

b. 16

c. 30

d. 31

e. 47

Answer: b

Textbook Reference: Concept 2.1 Atomic Structure Is the Basis for Life’s Chemistry

Page: 17

Bloom’s Category: 3. Applying

10. The ability of an atom to combine with other atoms is determined by

a. the atom’s atomic weight.

b. the number and distribution of electrons.

c. the atom’s ability to form isomers.

d. the atom’s nucleus.

e. their pH.

Answer: b

Textbook Reference: Concept 2.1 Atomic Structure Is the Basis for Life’s Chemistry

Page: 17

Bloom’s Category: 2. Understanding

11. Because atoms can have the same number of protons but a different number of neutrons, elements have

a. isotopes.

b. an integer atomic mass value.

c. more than one atomic number.

d. various means of forming chemical bonds.

e. isomers.

Answer: a

Textbook Reference: Concept 2.1 Atomic Structure Is the Basis for Life’s Chemistry

Page: 17-18
Bloom’s Category: 1. Remembering

12. Which of the elements listed below does not follow the octet rule?

a. Sodium

b. Chlorine

c. Carbon

d. Hydrogen

e. Nitrogen

Answer: d

Textbook Reference: Concept 2.1 Atomic Structure Is the Basis for Life’s Chemistry

Page: 17-18
Bloom’s Category: 2. Understanding

13. Which of the following pairs has similar chemical properties?

a. 1H and 22Na

b. 12C and 28Si

c. 16O and 8S

d. 12C and 14C

e. 8H and 2He

Answer: d

Textbook Reference: Concept 2.1 Atomic Structure Is the Basis for Life’s Chemistry

Page: 17-18
Bloom’s Category: 3. Applying

14. The element magnesium (Mg) has an atomic number of 12. Therefore, it has _______ electron shells and _______ electrons in the outermost shell.

a. 2; 10

b. 3; 4

c. 2; 6

d. 3; 2

e. 4; 6

Answer: d

Textbook Reference: Concept 2.1 Atomic Structure Is the Basis for Life’s Chemistry

Page: 17-18
Bloom’s Category: 3. Applying

15. The element silicon (Si) has an atomic number of 14. Therefore, it has similar properties to

a. sulfur.

b. oxygen.

c. phosphorus.

d. carbon.

e. None of the above

Answer: d

Textbook Reference: Concept 2.1 Atomic Structure Is the Basis for Life’s Chemistry

Page: 17-18
Bloom’s Category: 4. Analyzing

16. Which of the following molecules is an example of the octet rule?

a. CO2
b. H2O

c. H2
d. C2H6
e. All of the above

Answer: e

Textbook Reference: Concept 2.1 Atomic Structure Is the Basis for Life’s Chemistry

Page: 17-18
Bloom’s Category: 3. Applying

17. Nitrogen-14 and nitrogen-15 are isotopes, and nitrogen-15 is used to determine protein structure. Based on this information, one can conclude that nitrogen-15 has _______ nitrogen-14.

a. more protons than

b. more neutrons than

c. more electrons than

d. an electronic configuration that is different from that of

e. the same number of protons and neutrons as

Answer: b

Textbook Reference: Concept 2.1 Atomic Structure Is the Basis for Life’s Chemistry

Page: 18

Bloom’s Category: 3. Applying

18. Phosphorus has an atomic number of 15, and on average phosphorus atoms have a total of 30.974 protons and neutrons. From this information one can conclude that this element

a. has isotopes.

b. forms isomers.

c. dissolves in liquid methane.

d. is an ion.

e. is radioactive.

Answer: a

Textbook Reference: Concept 2.1 Atomic Structure Is the Basis for Life’s Chemistry

Page: 18

Bloom’s Category: 3. Applying

19. Chemical bonds formed by electrical attractions are

a. covalent bonds.

b. ionic bonds.

c. hydrogen bonds.

d. van der Waals forces.

e. Both b and c

Answer: e

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 18

Bloom’s Category: 1. Remembering

20. A covalent bond is the sharing of _______ between atoms, whereas an ionic bond is the _______.

a. neutrons; sharing of electrons

b. electrons; electric attraction between two atoms

c. protons; electric attraction between two atoms

d. protons; sharing of electrons

e. electrons; transfer of electrons from one atom to another

Answer: e

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 19

Bloom’s Category: 2. Understanding

21. In addition to covalent and ionic bonds, which of the following interactions are important in biological systems?

a. van der Waals interactions

b. Hydrogen bonds

c. Hydrophobic interactions

d. Both a and b

e. All of the above

Answer: e

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 19

Bloom’s Category: 1. Remembering

22. When magnesium (Mg), with an atomic number of 12, bonds with another element, one would expect that it would

a. gain two electrons from the other element.

b. share four electrons with the other element.

c. lose two electrons to the other element.

d. form a hydrogen bond.

e. gain six electrons from the other element.

Answer: c

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 19

Bloom’s Category: 3. Applying

23. The two atoms in a hydrogen molecule are held together by

a. hydrogen bonds.

b. a shared pair of electrons.

c. van der Waals forces.

d. ionic attractions.

e. gravity.

Answer: b

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 19-20
Bloom’s Category: 2. Understanding

24. Which of the following statements about the difference between ionic bonds and covalent bonds is true?

a. An ionic bond is stronger.

b. Electron sharing is more equal in the covalent bond.

c. An ionic bond occurs more often in aqueous solutions.

d. An ionic bond occurs only in liquid methane.

e. A covalent bond occurs only in nonpolar molecules.

Answer: b

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 19-21
Bloom’s Category: 2. Understanding

25. A single covalent chemical bond represents the sharing of how many electrons?

a. One

b. Two

c. Three

d. Four

e. Six

Answer: b

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 19-21
Bloom’s Category: 1. Remembering

26. All of the following are nonpolar except for

a. O2.

b. N2.

c. CH4.

d. NaCl.

e. H2.

Answer: d

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 21

Bloom’s Category: 2. Understanding

27. Which of the following statements about hydrogen bonds is true?

a. They form between two hydrogen atoms.

b. They form only between hydrogen and oxygen atoms within a molecule.

c. They form between a strong electronegative atom and hydrogen.

d. They involve a transfer of electrons.

e. They are the strongest bonds because of their length.

Answer: c

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 21

Bloom’s Category: 1. Remembering

28. The hydrogen bond between two water molecules arises because water is

a. polar.

b. nonpolar.

c. a liquid.

d. a small molecule.

e. hydrophobic.

Answer: a

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 21

Bloom’s Category: 2. Understanding

29. What determines if a molecule is polar, nonpolar, or ionic?

a. The number of protons

b. The bond distances

c. The differences in the electronegativities of the atoms

d. The ionic charges

e. The distance of the electrons from the nucleus

Answer: c

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 21

Bloom’s Category: 2. Understanding

30. Two carbon atoms held together in a double covalent bond share _______ electron(s).

a. one

b. two

c. four

d. six

e. eight

Answer: c

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 21

Bloom’s Category: 2. Understanding

31. Sweating is a useful cooling device for humans because water

a. takes up a great deal of heat in changing from its liquid state to its gaseous state.

b. has little cohesion strength.

c. has little hydrogen bonding.

d. is an outstanding solvent.

e. ionizes readily.

Answer: a

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 21-22
Bloom’s Category: 2. Understanding

32. Ice is used in beverages primarily because

a. it is composed only of water.

b. it floats.

c. it dilutes the taste.

d. people like to chew it.

e. it absorbs a lot of heat because of hydrogen bonding when it melts.

Answer: e

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 21-22
Bloom’s Category: 3. Applying

33. Cholesterol is composed primarily of carbon and hydrogen atoms. Therefore, one would expect cholesterol to be

a. insoluble in water.

b. a polar molecule.

c. a base.

d. an acid.

e. a buffer.

Answer: a

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 22

Bloom’s Category: 5. Evaluating

34. If you place a paper towel in a dish of water, the water will move up the towel by capillary action because water

a. molecules ionize.

b. is a good solvent.

c. molecules have hydrophobic interactions.

d. can form hydrogen bonds.

e. takes up large amounts of heat when it vaporizes.

Answer: d

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 22

Bloom’s Category: 4. Analyzing

35. When exposed to extreme heat, the human body relies on _______ to absorb excess heat and maintain normal body temperature.

a. evaporation

b. condensation

c. respiration

d. transpiration

e. All of the above

Answer: a

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 22

Bloom’s Category: 3. Applying

36. The amino and carboxyl functional groups tend to form bases and acids by attracting or dropping

a. a neutron.

b. a proton.

c. an electron.

d. a proton and an electron.

e. a neutron and a proton.

Answer: b

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 23

Bloom’s Category: 2. Understanding

37. Aldehydes and ketones are very similar in that they both contain

a. phosphorus atoms.

b. sulfur atoms.

c. a C=O group.

d. nitrogen atoms.

e. two “R” groups.

Answer: c

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 23

Bloom’s Category: 2. Understanding

38. In condensation reactions, the atoms that make up a water molecule are derived from

a. oxygen.

b. only one of the reactants.

c. both of the reactants.

d. carbohydrates.

e. enzymes.

Answer: c

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 23-24
Bloom’s Category: 2. Understanding

39. Which of the following statements about condensation reactions is false?

a. Protein synthesis results from them.

b. Polysaccharide synthesis results from them.

c. They involve covalent bonds.

d. They consume water as a reactant.

e. Different condensation reactions produce different kinds of macromolecules.

Answer: d

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 23-24
Bloom’s Category: 4. Analyzing

40. During the formation of a peptide linkage, a(n) _______ is formed.

a. molecule of water

b. disulfide bridge

c. hydrophobic bond

d. hydrophilic bond

e. ionic bond

Answer: a

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 23-24
Bloom’s Category: 2. Understanding

41. The general chemical formula for carbohydrates includes the atoms

a. C, H, and N.

b. C and H.

c. C, H, and P.

d. C, H, and O.

e. C, H, O, and N.

Answer: d

Textbook Reference: Concept 2.3 Carbohydrates Consist of Sugar Molecules

Page: 24

Bloom’s Category: 1. Remembering

42. A molecule with the formula C16H30O15 is a

a. hydrocarbon.

b. carbohydrate.

c. lipid.

d. protein.

e. nucleic acid.

Answer: b

Textbook Reference: Concept 2.3 Carbohydrates Consist of Sugar Molecules

Page: 24

Bloom’s Category: 3. Applying

43. The monomers that make up polymeric carbohydrates like starch are called

a. nucleotides.

b. trisaccharides.

c. monosaccharides.

d. nucleosides.

e. fatty acids.

Answer: c

Textbook Reference: Concept 2.3 Carbohydrates Consist of Sugar Molecules

Page: 24

Bloom’s Category: 1. Remembering

44. A simple sugar with the formula C5H10O5 can be classified as a

a. hexose.

b. polysaccharide.

c. disaccharide.

d. pentose.

e. lipid.

Answer: d

Textbook Reference: Concept 2.3 Carbohydrates Consist of Sugar Molecules

Page: 24-25
Bloom’s Category: 3. Applying

45. A type of molecule very often drawn with a single six-sided ring structure is

a. sucrose.

b. an amino acid.

c. glucose.

d. a fatty acid.

e. a steroid.

Answer: c

Textbook Reference: Concept 2.3 Carbohydrates Consist of Sugar Molecules

Page: 24-25
Bloom’s Category: 1. Remembering

46. Which of the following statements about the hydrolysis of the disaccharide maltose to two glucose units is true?

a. The reaction is energy neutral.

b. The potential energy contained within glucose is larger than that of maltose.

c. The hydrolysis reaction involves the breaking of a single covalent bond

d. The reaction involves the breaking of two covalent bonds.

e. At completion, the concentration of maltose is higher than the concentration of glucose.

Answer: d

Textbook Reference: Concept 2.3 Carbohydrates Consist of Sugar Molecules

Page: 24-25
Bloom’s Category: 4. Analyzing

47. Maltose, which is composed of two glucose units, can be classified as a

a. disaccharide.

b. hexose.

c. pentose.

d. polysaccharide.

e. monosaccharide.

Answer: a

Textbook Reference: Concept 2.3 Carbohydrates Consist of Sugar Molecules

Page: 25

Bloom’s Category: 2. Understanding

48. Sucrose, known as common table sugar, is a

a. hexose.

b. lipid.

c. disaccharide.

d. glucose.

e. simple sugar.

Answer: c

Textbook Reference: Concept 2.3 Carbohydrates Consist of Sugar Molecules

Page: 25

Bloom’s Category: 1. Remembering

49. Starch and glycogen, which are both polysaccharides, differ in their functions in that starch is _______, whereas glycogen _______.

a. the main component for plant structural support; is an energy source for animals

b. a structural material found in plants and animals; forms external skeletons in animals

c. the principle energy storage compound of plants; is the main energy storage of animals

d. a temporary compound used to store glucose; is a highly stable compound that stores complex lipids

e. the main energy storage of animals; is a temporary compound used to store glucose

Answer: c

Textbook Reference: Concept 2.3 Carbohydrates Consist of Sugar Molecules

Page: 25

Bloom’s Category: 2. Understanding

50. The main function of cellulose, the most abundant organic compound on Earth, is

a. to store genetic information.

b. as a storage compound for energy in plant cells.

c. as a storage compound for energy in animal cells.

d. as a component of biological membranes.

e. to provide mechanical strength to plant cell walls.

Answer: e

Textbook Reference: Concept 2.3 Carbohydrates Consist of Sugar Molecules

Page: 25

Bloom’s Category: 1. Remembering

51. Starch and glycogen, which are both polysaccharides, differ structurally in that glycogen _______, whereas starch _______.

a. is highly branched; is moderately branched

b. consists of parallel strands; is highly branched

c. consists of a combination of branching and parallel strands; is moderately branched

d. is moderately branched; consists of parallel strands

e. is highly branched; consists of parallel strands

Answer: a

Textbook Reference: Concept 2.3 Carbohydrates Consist of Sugar Molecules

Page: 25-26
Bloom’s Category: 2. Understanding

52. The arrangement of glycosidic linkages in _______ makes it a much more stable molecule than _______.

a. guanine; cytosine

b. RNA; DNA

c. sucrose; lactose

d. cellulose; starch

e. testosterone; cortisone

Answer: d

Textbook Reference: Concept 2.3 Carbohydrates Consist of Sugar Molecules

Page: 25-26
Bloom’s Category: 1. Remembering

53. Why does a starchy food, like bread, become hard and stale when it dries out?

a. Cellulose molecules aggregate in the absence of water.

b. In the absence of water, starch forms hydrogen bonds between polysaccharides, which then aggregate.

c. The release of carbon dioxide causes the bread to harden.

d. Water and heat cause the polysaccharide chains to bind together.

e. Mold growth interferes with glycosidic linkages, causing the bread to harden.

Answer: b

Textbook Reference: Concept 2.3 Carbohydrates Consist of Sugar Molecules

Page: 25-26
Bloom’s Category: 4. Analyzing

54. Lipids form the barriers surrounding various compartments within an organism. Which property of lipids makes them a good barrier?

a. Many biologically important molecules and ions are not soluble in lipids.

b. Lipids are polymers.

c. Lipids store energy.

d. Triglycerides are lipids.

e. Lipids release large amounts of energy when broken down.

Answer: a

Textbook Reference: Concept 2.4 Lipids Are Hydrophobic Molecules

Page: 26

Bloom’s Category: 4. Analyzing

55. Cholesterol is soluble in ether, an organic solvent, but it is not soluble in water. Based on this information, to which class of biological molecules does cholesterol belong?

a. Nucleic acids

b. Carbohydrates

c. Proteins

d. Lipids

e. Sugars

Answer: d

Textbook Reference: Concept 2.4 Lipids Are Hydrophobic Molecules

Page: 26

Bloom’s Category: 3. Applying

56. You have isolated an unidentified liquid from a sample of beans. You add the liquid to a beaker of water and shake vigorously. After a few minutes, the water and the other liquid separate into two layers. To which class of biological molecules does the unknown liquid most likely belong?

a. Carbohydrates

b. Lipids

c. Proteins

d. Enzymes

e. Nucleic acids

Answer: b

Textbook Reference: Concept 2.4 Lipids Are Hydrophobic Molecules

Page: 26

Bloom’s Category: 3. Applying

57. Lipids are

a. insoluble in water.

b. important for energy storage.

c. hydrophobic.

d. important constituents of biological membranes.

e. All of the above

Answer: e

Textbook Reference: Concept 2.4 Lipids Are Hydrophobic Molecules

Page: 26-29
Bloom’s Category: 2. Understanding

58. Fatty acids are molecules that

a. contain fats bonded to a glycerol.

b. are composed of a hydrocarbon chain and a carboxyl group.

c. are carbohydrates linked to a hydrocarbon chain.

d. contain glycerol and a carboxyl group.

e. are always saturated.

Answer: b

Textbook Reference: Concept 2.4 Lipids Are Hydrophobic Molecules

Page: 27

Bloom’s Category: 1. Remembering

59. A fat contains fatty acids and

a. glycerol.

b. a base.

c. an amino acid.

d. a phosphate.

e. None of the above

Answer: a

Textbook Reference: Concept 2.4 Lipids Are Hydrophobic Molecules

Page: 27

Bloom’s Category: 1. Remembering

60. You look at the label on a container of shortening and see the words “hydrogenated vegetable oil.” This means that during processing, the number of carbon–carbon double bonds in the oil was decreased. What is the result of decreasing the number of double bonds?

a. The oil now has a lower melting point.

b. The oil is now solid at room temperature.

c. There are more “kinks” in the fatty acid chains.

d. The oil is now a derivative carbohydrate.

e. The fatty acid is now a triglyceride.

Answer: b

Textbook Reference: Concept 2.4 Lipids Are Hydrophobic Molecules

Page: 27

Bloom’s Category: 3. Applying

61. Molecules that are both attracted to water and repel water are called

a. hydrophilic.

b. hydrophobic.

c. amphipathic.

d. amphoric.

e. glycosidic.

Answer: c

Textbook Reference: Concept 2.4 Lipids Are Hydrophobic Molecules

Page: 27

Bloom’s Category: 1. Remembering

62. A molecule that has an important role in limiting what gets into and out of cells is

a. glucose.

b. maltose.

c. a phospholipid.

d. a fat.

e. a phosphohexose.

Answer: c

Textbook Reference: Concept 2.4 Lipids Are Hydrophobic Molecules

Page: 27-28
Bloom’s Category: 2. Understanding

63. The portion of a phospholipid that contains the phosphorous group has one or more electric charges, which make this region of the molecule

a. hydrophobic.

b. hydrophilic.

c. nonpolar.

d. unsaturated.

e. saturated.

Answer: b

Textbook Reference: Concept 2.4 Lipids Are Hydrophobic Molecules

Page: 27-28
Bloom’s Category: 2. Understanding

64. In a biological membrane, the phospholipids are arranged with the fatty acid chains facing the interior of the membrane. As a result, the interior of the membrane is

a. hydrophobic.

b. hydrophilic.

c. charged.

d. polar.

e. filled with water.

Answer: a

Textbook Reference: Concept 2.4 Lipids Are Hydrophobic Molecules

Page: 28

Bloom’s Category: 2. Understanding

65. Water held back by a dam represents what kind of energy?

a. Hydroelectric

b. Irrigation

c. Potential

d. Kinetic

e. Metabolic

Answer: c

Textbook Reference: Concept 2.5 Biochemical Changes Involve Energy

Page: 29

Bloom’s Category: 2. Understanding

66. The sum total of all the chemical reactions in a living structure is called

a. energetics.

b. activity.

c. digestive power.

d. entropy.

e. metabolism.

Answer: e

Textbook Reference: Concept 2.5 Biochemical Changes Involve Energy

Page: 29

Bloom’s Category: 1. Remembering

67. Which of the following represents potential energy?

a. Chemical bonds

b. Concentration gradient

c. Electric charge imbalance

d. Both a and b

e. All of the above

Answer: e

Textbook Reference: Concept 2.5 Biochemical Changes Involve Energy

Page: 29

Bloom’s Category: 2. Understanding

68. Phosphorylation of ADP to ATP is endergonic, whereas the hydrolysis of ATP to ADP is exergonic. The two reactions are therefore

a. substrates.

b. endergonic.

c. kinetic.

d. activated.

e. linked.

Answer: e

Textbook Reference: Concept 2.5 Biochemical Changes Involve Energy

Page: 29

Bloom’s Category: 3. Applying

69. What can never be created or destroyed?

a. Entropy

b. Energy

c. Free energy only

d. Thermal energy only

e. Potential energy only

Answer: b

Textbook Reference: Concept 2.5 Biochemical Changes Involve Energy

Page: 29

Bloom’s Category: 1. Remembering

70. Which of the following statements about the exergonic hydrolysis of maltose to glucose is true?

a. The reaction requires the input of free energy.

b. The free energy of glucose is larger than the free energy of maltose.

c. The reaction is not spontaneous.

d. The reaction releases free energy.

e. At equilibrium, the concentration of maltose is higher than the concentration of glucose.

Answer: d

Textbook Reference: Concept 2.5 Biochemical Changes Involve Energy

Page: 29-30
Bloom’s Category: 4. Analyzing

71. Which statement about thermodynamics is true?

a. Free energy is used up in an exergonic reaction.

b. Free energy cannot be used to do work.

c. The total amount of energy can change after a chemical transformation.

d. Free energy can be kinetic but not potential energy.

e. Entropy has a tendency to increase.

Answer: e

Textbook Reference: Concept 2.5 Biochemical Changes Involve Energy

Page: 29-30
Bloom’s Category: 2. Understanding

72. How does the second law of thermodynamics apply to organisms?

a. As energy transformations occur, free energy increases and unusable energy decreases.

b. To maintain order, life requires a constant input of energy.

c. The potential energy of chemical bonds can be converted to kinetic energy.

d. Reactions occur only with an input of energy.

e. It does not apply to organisms; the complexity of organisms contradicts the second law.

Answer: b

Textbook Reference: Concept 2.5 Biochemical Changes Involve Energy

Page: 29-30
Bloom’s Category: 2. Understanding

73. A conclusion of the first law of thermodynamics is that the total energy in the universe is

a. decreasing.

b. increasing.

c. constant.

d. being converted to free energy.

e. being converted to matter.

Answer: c

Textbook Reference: Concept 2.5 Biochemical Changes Involve Energy

Page: 29-30
Bloom’s Category: 2. Understanding

74. In any system, some of the energy is unusable for work. The unusable energy is a measure of the disorder of the system and is referred to as

a. free energy.

b. entropy.

c. enthalpy.

d. thermodynamics.

e. equilibrium.

Answer: b

Textbook Reference: Concept 2.5 Biochemical Changes Involve Energy

Page: 31

Bloom’s Category: 1. Remembering

75. If G of a chemical reaction is negative, that reaction will

a. release energy in the process.

b. require the input of energy.

c. not be spontaneous.

d. not proceed.

e. decrease the disorder in the system.

Answer: a

Textbook Reference: Concept 2.5 Biochemical Changes Involve Energy

Page: 31

Bloom’s Category: 2. Understanding

Fill in the Blank
1. One dalton is the same as the mass of one _______.

Answer: proton or neutron

Textbook Reference: Concept 2.1 Atomic Structure Is the Basis for Life’s Chemistry

Page: 17

Bloom’s Category: 1. Remembering

2. Oxygen and carbon are defined as different elements because they have atoms with a different number of _______.

Answer: protons

Textbook Reference: Concept 2.1 Atomic Structure Is the Basis for Life’s Chemistry

Page: 17

Bloom’s Category: 2. Understanding

3. Every atom except for _______ has one or more neutrons in its nucleus.

Answer: hydrogen

Textbook Reference: Concept 2.1 Atomic Structure Is the Basis for Life’s Chemistry

Page: 17

Bloom’s Category: 1. Remembering

4. The sum of the protons and neutrons in the nucleus of any given atom is called its _______.

Answer: mass number

Textbook Reference: Concept 2.1 Atomic Structure Is the Basis for Life’s Chemistry

Page: 17

Bloom’s Category: 1. Remembering

5. The tendency of atoms in stable molecules to have eight electrons in their outermost shells is known as the _______.

Answer: octet rule

Textbook Reference: Concept 2.1 Atomic Structure Is the Basis for Life’s Chemistry

Page: 17

Bloom’s Category: 1. Remembering

6. The chemical properties of an element are determined by the number of _______ in its _______ shell.

Answer: electrons; outermost

Textbook Reference: Concept 2.1 Atomic Structure Is the Basis for Life’s Chemistry

Page: 17-18
Bloom’s Category: 1. Remembering

7. Of the different types of chemical bonds, the strongest bond in biological systems is the _______ bond.

Answer: covalent

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 18

Bloom’s Category: 1. Remembering

8. The attraction between a slight positive charge on a hydrogen atom and the slight negative charge of a nearby electronegative atom is a _______.

Answer: hydrogen bond

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 18

Bloom’s Category: 1. Remembering

9. To create methane, one carbon atom shares electrons with four hydrogen atoms, forming _______ covalent bonds.

Answer: four

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 19-20
Bloom’s Category: 2. Understanding

10. The electronegativity of an atom depends upon the number of _______ and how far the _______ are from the nucleus.

Answer: protons; electrons

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 21

Bloom’s Category: 1. Remembering

11. Covalent bonds in which electrons are shared unequally are called _______ bonds.

Answer: polar

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 21

Bloom’s Category: 1. Remembering

12. The functional group written as —COOH is called the _______ group.

Answer: carboxyl

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 23

Bloom’s Category: 1. Remembering

13. Proteins are polymers composed of _______ acids.

Answer: amino

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 23

Bloom’s Category: 1. Remembering

14. Starch is a polymer of glucose subunits. The subunits of any polymer are called _______.

Answer: monomers

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 23

Bloom’s Category: 2. Understanding

15. The reaction H—A—OH + H—B—OH ( H—A—B—OH + H2O represents a(n) _______ reaction.

Answer: condensation

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 23-24
Bloom’s Category: 3. Applying

16. Carbohydrates made up of two simple sugars are called _______.

Answer: disaccharides

Textbook Reference: Concept 2.3 Carbohydrates Consist of Sugar Molecules

Page: 25

Bloom’s Category: 1. Remembering

17. The bonds that link sugar monomers in a starch molecule are _______ linkages.

Answer: glycosidic

Textbook Reference: Concept 2.3 Carbohydrates Consist of Sugar Molecules

Page: 25

Bloom’s Category: 1. Remembering

18. The highly branched polysaccharide that is the major energy storage molecule in mammals is _______, which is water-_______.

Answer: glycogen; insoluble

Textbook Reference: Concept 2.3 Carbohydrates Consist of Sugar Molecules

Page: 25-26
Bloom’s Category: 1. Remembering

19. Although cellulose, starch, and glycogen are all polymers of glucose, paper is composed of cellulose, but not of starch or glycogen. The most likely reason is that cellulose is composed of _______ molecules that can form thin fibrils, while both starch and glycogen are _______ molecules.

Answer: unbranched; branched

Textbook Reference: Concept 2.3 Carbohydrates Consist of Sugar Molecules

Page: 26

Bloom’s Category: 5. Evaluating

20. van der Waals interactions can form between _______ when they are sufficiently close together.

Answer: lipids

Textbook Reference: Concept 2.4 Lipids Are Hydrophobic Molecules

Page: 26

Bloom’s Category: 2. Understanding

21. The fluidity and melting point of fatty acids are determined partially by the number of _______ bonds.

Answer: unsaturated (or carbon double)

Textbook Reference: Concept 2.4 Lipids Are Hydrophobic Molecules

Page: 27

Bloom’s Category: 2. Understanding

22. A lipid that is liquid at room temperature is called a(n) _______.

Answer: oil

Textbook Reference: Concept 2.4 Lipids Are Hydrophobic Molecules

Page: 27

Bloom’s Category: 1. Remembering

23. A lipid with a phosphate group is called a(n) _______.

Answer: phospholipid

Textbook Reference: Concept 2.4 Lipids Are Hydrophobic Molecules

Page: 27

Bloom’s Category: 1. Remembering

24. The basic structure of a biological membrane consists of a phospholipid _______, with a _______ interior and _______ exterior.

Answer: bilayer; hydrophobic; hydrophilic

Textbook Reference: Concept 2.4 Lipids Are Hydrophobic Molecules

Page: 27-28
Bloom’s Category: 2. Understanding

25. Cells cannot create _______, which in general cannot be created or destroyed.

Answer: energy

Textbook Reference: Concept 2.5 Biochemical Changes Involve Energy

Page: 29

Bloom’s Category: 1. Remembering

26. Heat is an example of _______ energy.

Answer: kinetic

Textbook Reference: Concept 2.5 Biochemical Changes Involve Energy

Page: 29

Bloom’s Category: 2. Understanding

27. The energy in a system that exists due to state or position is called _______ energy.

Answer: potential

Textbook Reference: Concept 2.5 Biochemical Changes Involve Energy

Page: 29

Bloom’s Category: 1. Remembering

28. Potential energy can be converted into _______ energy, which does work.

Answer: kinetic

Textbook Reference: Concept 2.5 Biochemical Changes Involve Energy

Page: 29

Bloom’s Category: 1. Remembering

29. The building up of molecules in a living system is known as _______; the breaking down of molecules in a living system is known as _______.

Answer: anabolism; catabolism

Textbook Reference: Concept 2.5 Biochemical Changes Involve Energy

Page: 29

Bloom’s Category: 1. Remembering

30. Energy derived from an exergonic reaction can be used to drive an endergonic reaction if the two reactions are _______.

Answer: linked

Textbook Reference: Concept 2.5 Biochemical Changes Involve Energy

Page: 29

Bloom’s Category: 3. Applying

31. The second law of thermodynamics states that disorder in the universe is constantly _______.

Answer: increasing

Textbook Reference: Concept 2.5 Biochemical Changes Involve Energy

Page: 30-31
Bloom’s Category: 1. Remembering

32. When a drop of ink is added to a beaker of water, the dye molecules become randomly dispersed throughout the water. This is an example of an increase in _______.

Answer: entropy

Textbook Reference: Concept 2.5 Biochemical Changes Involve Energy

Page: 30-31
Bloom’s Category: 3. Applying

33. If the G of a reaction is negative, the reaction will occur _______.

Answer: spontaneously

Textbook Reference: Concept 2.5 Biochemical Changes Involve Energy

Page: 31

Bloom’s Category: 2. Understanding

34. The generation of order in one place is accompanied by an increased _______ in the total system, which is also called _______.

Answer: disorder; entropy

Textbook Reference: Concept 2.5 Biochemical Changes Involve Energy

Page: 31

Bloom’s Category: 3. Applying

Diagram

1. Which of the diagrams below is the Bohr model for magnesium (Mg), atomic number of 12?
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Answer: B

Textbook Reference: Concept 2.1 Atomic Structure Is the Basis for Life’s Chemistry

Page: 17-18
Bloom’s Category: 3. Applying

2. Which of the following are most likely to be miscible (soluble in each other)?
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a. Octane and water

b. Water and methanol

c. Amino acid and octane

d. Water and octane

e. Amino acid and water

Answer: b

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 22-23
Bloom’s Category: 5. Evaluating

3. Which of the following statements about the reaction shown below is true?
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a. It is an endergonic reaction.

b. The reactants have less energy than the products.

c. G is negative.

d. The reaction can be reversed without the addition of energy.

e. It is an anabolic reaction.

Answer: c

Textbook Reference: Concept 2.5 Biochemical Changes Involve Energy

Page: 30

Bloom’s Category: 4. Analyzing

DIAGNOSTIC QUIZ (from BioPortal)

(By Richard McCarty)
1. Which of the following statements best describes the difference between an element and a molecule?

a. An element is composed of atoms; a molecule is not.

b. An element is composed of only one kind of atom; molecules can be composed of more than one kind of atom.

c. An element is unstable; molecules are stable.

d. Elements always have lower atomic weights than molecules.

e. Elements exist in nature only as parts of molecules.

Answer: b

Textbook Reference: Concept 2.1 Atomic Structure Is the Basis for Life’s Chemistry
Page: 17

Bloom’s Category: 2. Understanding
2. The reactivity of an atom arises primarily from the

a. energy difference between the electron shells.

b. potential energy of the outermost shell.

c. average distance of the outermost shell from the nucleus.

d. sum of the potential energies of all electron shells.

e. existence of unpaired electrons in the outermost shell.

Answer: e

Textbook Reference: Concept 2.1 Atomic Structure Is the Basis for Life’s Chemistry
Page: 17-18
Bloom’s Category: 5. Evaluating

3. Which of the following interactions between atoms is the strongest?

a. Hydrophobic interactions
b. Ionic bonds
c. Covalent bonds
d. van der Waals interactions
e. Hydrogen bonds

Answer: c

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules
Page: 18-20
Bloom’s Category: 2. Understanding
4. Which of the following molecular structures is incorrect?
a. CH3—NH3
b. CH2==CH2

c. CH3—NH2
d. CH3—NH3+

e. CH3—CH3
Answer: a

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 18-21
Bloom’s Category: 4. Analyzing
5. Covalent bond formation depends on the ability of atoms to

a. share electrons with other atoms.

b. donate electrons to other atoms.

c. receive electrons from other atoms.

d. Both a and b

e. All of the above

Answer: a

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules
Page: 19
Bloom’s Category: 1. Remembering
6. Table salt, NaCl, is neutral. When dissolved in water, NaCl

a. remains as NaCl (does not dissociate).

b. separates to form Na– and Cl+ molecules.

c. separates to form Na+ and Cl– ions that do not interact with water molecules.

d. separates to form Na+ and Cl– ions that interact with water molecules.

e. does not separates, but interacts with water molecules.

Answer: d

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 19
Bloom’s Category: 3. Applying

7. An element that contains ten protons and ten electrons is likely to

a. form covalent bonds with another element.

b. form ionic bonds with another element.

c. be chemically inert (stable).

d. be radioactive.

e. be toxic.

Answer: c

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules
Page: 19-21
Bloom’s Category: 4. Analyzing
8. For a covalent bond to be polar, the two atoms that form the bond must have

a. different atomic weights.

b. the same number of electrons.

c. different melting points.

d. different electronegativities.

e. similar electronegativities.

Answer: d

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules
Page: 21
Bloom’s Category: 2. Understanding
9. Water is essential to life. Which of the following physical properties of water affect(s) life in some beneficial way?

a. Cohesiveness

b. High heat capacity

c. High heat of vaporization

d. Hydrogen bonds
e. All of the above

Answer: e

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 21-22
Bloom’s Category: 2. Understanding
10. Which of the following biological molecules are linked by covalent bonds formed by the removal of the elements of water from the reactants (a kind of condensation reaction)?

a. Oils

b. Fats

c. Proteins

d. Starch

e. All of the above

Answer: e

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 23-24
Bloom’s Category: 2. Understanding
11. The “building blocks” of polysaccharides are _______, and the blocks are covalently linked together by _______.

a. glycerol and fatty acids; glycosidic linkages

b. amino acids; triple bonds

c. monosaccharides; glycosidic linkages

d. disaccharides; triple bonds

e. oligosaccharides; glycosidic linkages
Answer: c

Textbook Reference: Concept 2.3 Carbohydrates Consist of Sugar Molecules

Page: 24-25
Bloom’s Category: 3. Applying
12. Which of the following statements about starch is false?

a. Starch may be partially branched.

b. Starch is a polymer of glucose.

c. Starch is formed by the condensation of monomers.

d. The properties of starch are very similar to those of cellulose.

e. Starch may be digested by people.

Answer: d

Textbook Reference: Concept 2.3 Carbohydrates Consist of Sugar Molecules

Page: 25-26
Bloom’s Category: 2. Understanding

13. Oils and fats

a. form membranes.

b. are triglycerides.

c. all contain the same fatty acids.

d. are good for you in large amounts.

e. have glycosidic linkages.

Answer: b

Textbook Reference: Concept 2.4 Lipids Are Hydrophobic Molecules
Page: 27
Bloom’s Category: 2. Understanding
14. Fatty acids are

a. carboxylic acids with long hydrocarbon tails.

b. linked to glycerol in fats by hydrogen bonds.

c. always saturated.

d. large polymers of monosaccharides.

e. water soluble.
Answer: a

Textbook Reference: Concept 2.4 Lipids Are Hydrophobic Molecules
Page: 27
Bloom’s Category: 2. Understanding
15. Oils melt at a lower temperature than fats because

a. oils and fats are not the same type of macromolecule.

b. fats contain more saturated fatty acids than oils.

c. fats contain more unsaturated fatty acids than oils.

d. oils are made by plants.

e. fats are common in animals.

Answer: b

Textbook Reference: Concept 2.4 Lipids Are Hydrophobic Molecules
Page: 27

Bloom’s Category: 2. Understanding
16. A phospholipid differs from a triglyceride in that phospholipids

a. are amphipathic.

b. are not derivatives of glycerol.

c. do not have both hydrophilic and hydrophobic parts.

d. are used to store energy for the cell.

e. do not contain fatty acids.

Answer: a
Textbook Reference: Concept 2.4 Lipids Are Hydrophobic Molecules
Page: 27-28
Bloom’s Category: 2. Understanding
17. Which of the following statements is inconsistent with the first and second laws of thermodynamics?

a. Living organisms can produce energy.
b. Chemical energy may be converted to light energy.
c. The total energy of a system is available to do work.
d. Potential energy may be used to do work.
e. Both a and c
Answer: e

Textbook Reference: Concept 2.5 Biochemical Changes Involve Energy
Page: 29-31
Bloom’s Category: 4. Analyzing
18. The synthesis of complex molecules _______ energy, whereas their degradation _______ energy. Synthesis occurs with _______ in entropy.

a. requires; releases; an increase
b. requires; releases; a decrease
c. releases; requires; no change
d. releases; requires; an increase
e. requires; releases; no change
Answer: b

Textbook Reference: Concept 2.5 Biochemical Changes Involve Energy

Page: 29-31
Bloom’s Category: 3. Applying

19. Entropy

a. is the total energy in a system.
b. tends to decrease the total energy in the universe.
c. when multiplied times the absolute temperature, is the useable energy in a system.
d. is related to the disorder or randomness of a system.
e. is represented in equations by the letter “H.”
Answer: d

Textbook Reference: Concept 2.5 Biochemical Changes Involve Energy
Page: 30-31
Bloom’s Category: 2. Understanding
20. A reaction that has a negative (G
a. is endergonic.

b. necessarily proceeds more rapidly than a reaction with a less negative (G.

c. is spontaneous.

d. cannot be used to drive a reaction with a positive (G.

e. is always paired with a reaction with a positive (G.

Answer: c

Textbook Reference: Concept 2.5 Biochemical Changes Involve Energy

Page: 31
Bloom’s Category: 2. Understanding

INTERACTIVE QUIZ (from BioPortal)

(By Laurel L. Hester)

1. This figure shows an atom of helium. Which of the following characteristics is true for helium?
[image: image4.jpg]



A. Mass number = 4; atomic number = 2; net charge = 0

B. Mass number = 4; atomic number = 4; net charge = 0

C. Mass number = 4; atomic number = 2; net charge = +2

D. Mass number = 6; atomic number = 2; net charge = 0

E. Mass number = 6; atomic number = 2; net charge = +1

Answer: A

Textbook Reference: Concept 2.1 Atomic Structure Is the Basis for Life’s Chemistry

Page: 17
Bloom’s Category: 2. Understanding

Feedback A: The mass number is equal to the sum of protons and neutrons in the atom (4), whereas the atomic number is determined by the number of protons present (2). Net charge (0) is determined by summing the number of protons (+ charge) and electrons (– charge) in the helium atom.

Feedback B: Recall that atomic number is determined by the number of protons in the nucleus.

Feedback C: Recall that the net charge is determined by summing the number of protons (+ charge) and the number of electrons (– charge).

Feedback D: Recall that the mass number is equal to the sum of protons and neutrons in the atom.

Feedback E: Recall that the mass number is equal to the sum of protons and neutrons in the atom, and net charge is equal to the sum of the number of protons (+ charge) and the number of electrons (– charge).
2. Given the electron shell configuration for sulfur (S) shown, select the correct choice to complete the following sentence: Sulfur has _______ protons in its nucleus and requires _______ more electrons to complete its outer shell.
[image: image5.jpg]



A. 8; 2

B. 8; 6

C. 16; 2

D. 16; 6

E. 16; 8

Answer: C

Textbook Reference: Concept 2.1 Atomic Structure Is the Basis for Life’s Chemistry

Page: 17-18
Bloom’s Category: 3. Applying

Feedback A: Recall that an atom contains an equal number of protons and electrons.

Feedback B: Recall that an atom contains an equal number of protons and electrons. In addition, the outer electron shell can hold a total of 8 electrons.

Feedback C: Sulfur has a total of 16 neutrons and has room for 2 additional electrons in its outermost electron shell.

Feedback D: Recall that the outermost electron shell in sulfur can hold a total of 8 electrons.

Feedback E: Recall that the outermost electron shell in sulfur can hold a total of 8 electrons.
3. Given the electron shell configuration and mass and atomic numbers for the sodium ion (Na+) shown here, select the correct choice to complete the following sentence: The sodium ion has _______ protons in its nucleus, has _______ electrons in its outermost shell, and is a(n) _______.
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A. 10; 0; anion

B. 11; 8; anion

C. 11; 0; anion

D. 10; 0; cation

E. 11; 8; cation

Answer: E

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 19
Bloom’s Category: 3. Applying

Feedback A: Recall that the number of protons is equal to the atomic number, the outer shell is full of electrons, and an anion has a negative charge.

Feedback B: Recall that an anion has a negative charge.

Feedback C: Recall that the outer shell is full of electrons, and an anion has a negative charge.

Feedback D: Recall that the number of protons is equal to the atomic number, and the outer shell is full of electrons.

Feedback E: A sodium ion is a cation; it has eight electrons in the outermost shell and a charge of +1 because it has 11 protons but only 10 electrons.
4. Which of the following is a true statement about the type of chemical bonds or interactions shown?
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A. This type of bond or interaction is based on the sharing of an H atom.

B. This type of bond or interaction is based on the interaction of electrons of nonpolar substances.

C. This type of bond or interaction has a greater bond energy than other types of bonds or interactions.

D. This type of bond or interaction is unstable at the temperatures found within living organisms.

E. Atoms in this type of bond or interaction have variable or flexible angles with other atoms within a molecule.

Answer: C

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 19-20
Bloom’s Category: 2. Understanding

Feedback A: The figure shows covalent bonds, but it is the hydrogen bond that is based on the sharing of H atoms.

Feedback B: The figure shows covalent bonds, but it is the van der Waals interaction that is based on the interaction of electrons of nonpolar substances.

Feedback C: Covalent bonds have greater bond energy than other types of bonds or interactions (See Table 2.1).

Feedback D: The figure shows covalent bonds, which are quite stable at temperatures found within living organisms.

Feedback E: Atoms participating in a covalent bond generally have the same angle with respect to other atoms in a molecule.
5. Sulfur has an electronegativity of 2.6. Thus, it will form a(n) _______ bond with carbon, and a molecule containing only this type of bond will have _______ properties when interacting with water.
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A. ionic; hydrophilic

B. covalent; hydrophobic

C. covalent; hydrophilic

D. polar covalent; hydrophobic

E. polar covalent; hydrophilic

Answer: B

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 20-21
Bloom’s Category: 3. Applying

Feedback A: Ionic bonds form due to attraction between ions, atoms that have lost or gained at least one electron, not between atoms with similar levels of attraction for electrons. However, it is true that a molecule with primarily ionic bonds would have hydrophilic properties when interacting with water.

Feedback B: Atoms with similar electronegativites form covalent bonds, and molecules with only covalent bonds (and no polar covalent bonds) would have hydrophobic properties when interacting with water.

Feedback C: Although atoms with similar electronegativites do form covalent bonds, molecules with only covalent bonds (and no polar covalent bonds) would not carry partial charges and thus would not have hydrophilic properties when interacting with water.

Feedback D: Sulfur and carbon have the same electronegativity, so they would form a covalent bond with each other rather than a polar covalent bond.
Feedback E: Sulfur and carbon have the same electronegativity, so they would form a covalent bond with each other rather than a polar covalent bond. However, it is true that a molecule with primarily polar covalent bonds would have hydrophilic properties when interacting with water.
6. Which example shown (A–E) depicts the correct distribution of charge and hydrogen bonding between two water molecules?
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A. Example A

B. Example B

C. Example C

D. Example D

E. Example E

Answer: A

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 21-22
Bloom’s Category: 3. Applying

Feedback A: The water molecules are properly oriented (hydrogen to oxygen) with the correct partial charges on the polar ends of the water molecule.

Feedback B: Recall that the charges on the opposite ends of a polar molecule are partial charges. Unit charges, such as those shown, are characteristic of ions.

Feedback C: Recall that the hydrogen from a water molecule can be attracted to only a single oxygen atom in an adjacent molecule at a given time.

Feedback D: Recall that the hydrogen from a water molecule can be attracted to only a single oxygen atom in an adjacent molecule at a given time and that the charges on the opposite ends of a polar molecule are partial charges. Unit charges, such as those shown, are characteristic of ions.

Feedback E: Remember, opposite charges attract, equal charges repel. Also, the charges on the opposite ends of a polar molecule are partial; unit charges are characteristic of ions.
7. Macromolecules contain functional groups that affect the molecule’s chemical properties. Use your understanding of chemical bonds to determine which of the following functional groups could form hydrogen bonds with water.
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A. The hydroxyl group

B. The aldehyde group

C. The carboxyl group

D. The phosphate group
E. All of the above

Answer: E

Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 23
Bloom’s Category: 3. Applying

Feedback A: This functional group has a polar covalent bond and can form hydrogen bonds, but other listed functional groups can also form hydrogen bonds with water.

Feedback B: This functional group has a polar covalent bond and can form hydrogen bonds, but other listed functional groups can also form hydrogen bonds with water.

Feedback C: This functional group has a polar covalent bond and can form hydrogen bonds, but other listed functional groups can also form hydrogen bonds with water.

Feedback D: This functional group has a polar covalent bond and can form hydrogen bonds, but other listed functional groups can also form hydrogen bonds with water.

Feedback E: All these functional groups have polar covalent bonds and can form hydrogen bonds with water.
8. Which statement about the reaction shown is true?
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A. A hexose combines with a pentose to form a disaccharide.

B. Two hexoses combine to form an oligosaccharide.

C. This is a catabolic reaction.

D. This is a condensation reaction.

E. This is a hydrolysis reaction.

Answer: D

Textbook Reference: Concept 2.3 Carbohydrates Consist of Sugar Molecules

Page: 24-25
Bloom’s Category: 3. Applying

Feedback A: Both glucose and fructose are hexoses (six carbons).

Feedback B: When only two hexoses combine, they form a disaccharide.

Feedback C: This is an anabolic reaction because it links simple molecules.

Feedback D: This is correct. The reaction shown is a condensation reaction.

Feedback E: A hydrolysis reaction breaks down polymers and consumes water.
9. Which of the following statements about polysaccharides or a polysaccharide is true?
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A. Polysaccharides are polymers of monosaccharides connected by saccharide linkages.

B. Glycogen is more branched than starch.

C. Starches are polysaccharides of ribose.

D. A starch molecule causes more osmotic pressure than would the unlinked monosaccharides that make it up.

E. Cellulose is easily broken down because its linkages are not very stable.

Answer: B

Textbook Reference: Concept 2.3 Carbohydrates Consist of Sugar Molecules

Page: 24-25
Bloom’s Category: 2. Understanding

Feedback A: Monosaccharides are joined by glycosidic linkages in polysaccharides.

Feedback B: Glycogen is a highly branched polymer of glucose.

Feedback C: Starches are polysaccharides of glucose.

Feedback D: A starch molecule causes much less osmotic pressure than its unlinked monosaccharide monomers.

Feedback E: Cellulose is a very stable molecule that is used for structural support by plants because it does not break down easily.
10. In the formation of a triglyceride from the components shown (1 and 2), _______ molecule(s) of compound 1 combine(s) with _______ molecule(s) of compound 2 to form a triglyceride plus _______ molecule(s) of water.
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A. 1; 1; 1

B. 1; 3; 1

C. 1; 3; 3

D. 3; 3; 3

E. 3; 1; 3

Answer: C

Textbook Reference: Concept 2.4 Lipids Are Hydrophobic Molecules

Page: 26-27
Bloom’s Category: 3. Applying

Feedback A: With the numbers selected, the result would be a molecule with one fatty acid chain; a monoglyceride.

Feedback B: By adding three molecules of compound 2 to one molecule of compound 1, more than one water molecule would be formed as a result.

Feedback C: Combining three molecules of compound 2 with one molecule of compound 1 would result in the formation of a triglyceride plus three molecules of water.

Feedback D: The formation of a triglyceride requires only a single molecule of compound 1 (glycerol).

Feedback E: The formation of a triglyceride requires only a single molecule of compound 1, but three molecules of compound 2.
11. Consider the two fatty acids (1 and 2) shown. Which of the following statements regarding these fatty acids is true?
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A. Only fatty acid 1 is amphipathic.

B. Fatty acid 2 is a saturated fatty acid.

C. In this figure, carbon atoms are represented by light gray and hydrogen atoms by dark gray.

D. Triglycerides containing fatty acid type 1 would have a lower melting point than triglycerides containing fatty acid type 2.

E. Fatty acids in animal triglycerides tend to be straight (e.g., fatty acid 1), whereas those in plants are more likely to be kinked (e.g., fatty acid 2).

Answer: E

Textbook Reference: Concept 2.4 Lipids Are Hydrophobic Molecules

Page: 26-28
Bloom’s Category: 3. Applying

Feedback A: All fatty acids are amphipathic because they all contain a hydrophilic end and a hydrophobic end.

Feedback B: Fatty acid 2 is an unsaturated fatty acid. The double bond is responsible for the kink in the molecule.

Feedback C: Carbon atoms are represented by the dark gray and hydrogen atoms by the light gray in this figure.

Feedback D: Triglycerides containing fatty acid type 1 (saturated) would have a higher melting point than those containing fatty acid type 2 (unsaturated).

Feedback E: Animal triglycerides have more saturated fatty acids, whereas plant triglycerides have more unsaturated fatty acids.
12. Consider the two labeled regions (1 and 2) of the phospholipid (phosphatidylcholine) shown here. Select the choice that makes the following statement true: Region 1 is _______ and would form the _______ of a cell membrane; region 2 is _______ and would form the _______ of a cell membrane.
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A. hydrophobic; interior; hydrophilic; surface

B. hydrophobic; surface; hydrophilic; interior

C. hydrophilic; surface; hydrophobic; surface

D. hydrophilic; surface; hydrophobic; interior

E. hydrophilic; interior; hydrophobic; interior

Answer: D

Textbook Reference: Concept 2.4 Lipids Are Hydrophobic Molecules

Page: 27-28
Bloom’s Category: 2. Understanding

Feedback A: Recall that the phosphate head of the phospholipid makes that region hydrophilic, whereas the two hydrocarbon tails are hydrophobic.

Feedback B: Recall that the phosphate head of the phospholipid makes that region hydrophilic, whereas the two hydrocarbon tails are hydrophobic. Also, the hydrophilic region would be positioned to maximize its contact with water, whereas a hydrophobic region would be positioned to minimize its contact with water.

Feedback C: Recall that a hydrophobic region would be positioned to minimize its contact with water.

Feedback D: Region 1 is the phosphate head of the phospholipid, making this region hydrophilic and positioned at the surface of membranes (in contact with water). The two hydrocarbon tails (region 2) are hydrophobic and form the interior of membranes.

Feedback E: Recall that a hydrophilic region would be positioned to maximize its contact with water.
13. Which of the following terms applies to the chemical reaction shown?
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A. Exergonic
B. Endergonic

C. Endothermic
D. Condensation
E. Anabolic
Answer: A

Textbook Reference: Concept 2.5 Biochemical Changes Involve Energy

Page: 29-30
Bloom’s Category: 1. Remembering

Feedback A: Exergonic reactions release energy.

Feedback B: Recall that an endergonic reaction requires an input of energy.

Feedback C: Recall that an endothermic reaction requires an input of energy.

Feedback D: Recall that condensation reactions are anabolic reactions that require an input of energy.

Feedback E: Recall that an anabolic reaction requires an input of energy.
14. The accompanying diagram represents the second law of thermodynamics. Which of the following statements correctly illustrates this second law of thermodynamics?
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A. The total amount of energy in our universe today is the same as the total amount of energy in our universe yesterday.

B. As water flows through a hydroelectric dam, only some of the water’s potential energy is converted to electrical energy; other energy is released as heat.

C. As children grow, their bodies contain more total energy and a greater capacity to do work.

D. Plants can transform energy from the sun into chemical energy.

E. The earth has existed for billions of years because energy can be constantly reused and transformed into new ordered forms.

Answer: B

Textbook Reference: Concept 2.5 Biochemical Changes Involve Energy

Page: 29-31
Bloom’s Category: 4. Analyzing
Feedback A: This statement illustrates the first law of thermodynamics, not the second law.

Feedback B: This statement correctly illustrates the second law of thermodynamics. Only some of the energy is usable after the transformation because some of the energy becomes unusable random thermal motion (heat).
Feedback C: Although this is true, a child is not a closed system because they must eat to grow. Thus, this statement does not illustrate the second law of thermodynamics.

Feedback D: This statement merely says that energy may be transformed, but does not illustrate the second law of thermodynamics because (1) plants are not a closed system and (2) there is no mention of a decrease in usable energy or an increase in entropy associated with the energy transformation.

Feedback E: Although the earth has existed for billions of years, the second law of thermodynamics states that a given amount of energy cannot be constantly reused and transformed into new ordered forms because entropy increases with each transformation. The earth has not become more disordered over time because it is not a closed system—it receives a constant input of energy from the sun.
15. What did Miller and Urey conclude from the experiment shown in this figure?
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A. They concluded that electrical sparks were not able to provide sufficient energy for covalent bond formation.

B. They concluded that you could heat a solution of simple chemicals to simulate an “atmosphere.”

C. They concluded that life on Earth arose about 3.8 billion years ago.

D. They concluded that the chemical building blocks of life could have been generated in the probable atmosphere of early Earth.

E. They concluded that there was apparently little oxygen gas in early Earth’s atmosphere.

Answer: D

Textbook Reference: Concept 2.5 Biochemical Changes Involve Energy

Page: 31-32
Bloom’s Category: 1. Remembering

Feedback A: The electrical sparks did provide sufficient energy to form covalent bonds.

Feedback B: Although they did use this method of simulating an atmosphere, the experiment was not designed to address this question.

Feedback C: Although life is thought to have arisen on Earth about 3.8 billion years ago, this experiment did not address this issue.

Feedback D: Formation of many organic chemical compounds in the condensate provided evidence supporting this conclusion.

Feedback E: This was an assumption they made during experimental design rather than a conclusion from experimental results.

STUDY GUIDE QUESTIONS

(By Ed Dzialowski)

1. The stability of the three-dimensional shape of many large molecules is dependent on

a. covalent bonds.

b. ionic bonds.

c. hydrogen bonds.

d. van der Waals attractions.

e. hydrophobic interactions.

Answer: c
Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 21

Bloom’s Category: 1. Remembering
Feedback: Hydrogen bonds, though weak individually, are quite effective in large numbers and are responsible for maintaining the structural integrity of many large molecules such as proteins and DNA.

2. Which of the following statements about water is true?

a. Water has a low heat of vaporization.

b. Water has a high specific heat.

c. When water freezes, it gains energy from the environment.

d. All of the above

e. None of the above

Answer: b
Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 22

Bloom’s Category: 1. Remembering
Feedback: Water has both a high heat of vaporization and a high specific heat. In addition, when water freezes it gives off a lot of energy to the environment.

3. Which of the following statements about chemical reactions is true?

a. The bonding partners of atoms remain constant.

b. All reactions release energy as they proceed.

c. The bonding partners of atoms change.

d. All reactions consume energy as they proceed.

e. None of the above

Answer: c
Textbook Reference: Concept 2.5 Biochemical Changes Involve Energy

Page: 29

Bloom’s Category: 1. Remembering
Feedback: Chemical reactions involve the combining or changing of bonding partners of the reactants to produce the products. During this process matter is neither created nor destroyed. These reactions can either release energy or require energy.

4. Which of the following is not a polymer?

a. A protein

b. A nucleic acid, such as DNA

c. A polysaccharide carbohydrate

d. A lipid

e. All of the above are polymers.

Answer: d
Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 23-24

Bloom’s Category: 1. Remembering
Feedback: Proteins, polysaccharides,and nucleic acids are all polymers made by condenstation to link monomers together. Lipids are monomers that do not form polymers when they interact.
5. The atomic number is determined by the number of _______ in an atom.

a. protons and neutrons

b. electrons

c. neutrons

d. protons

e. protons, neutrons, and electrons

Answer: d
Textbook Reference: Concept 2.1 Atomic Structure Is the Basis for Life’s Chemistry

Page: 17

Bloom’s Category: 1. Remembering
Feedback: The atomic number of an atom is the number of protons in the nuclei.

6. Cellulose and starch are composed of the same monomers but have structural and functional differences. Which of the following is the characteristic that accounts for those differences?

a. Different types of glycosidic linkages

b. Different numbers of glucose monomers

c. Different types of bonds holding them together

d. A linear shape in one versus a ring shape in the other

e. None of the above

Answer: a
Textbook Reference: Concept 2.3 Carbohydrates Consist of Sugar Molecules

Page: 25

Bloom’s Category: 2. Understanding
Feedback: Starch and cellulose have different types of glycosidic linkages. This difference accounts for structural and functional differences between the two macromolecules.

7. Triglycerides are synthesized from _______ and _______.

a. glycerol; amino acids

b. amino acids; cellulose

c. steroid precursors; starch

d. cholesterol; glycerol

e. fatty acids; glycerol

Answer: e
Textbook Reference: Concept 2.4 Lipids Are Hydrophobic Molecules

Page: 27

Bloom’s Category: 1. Remembering
Feedback: Triglycerides are formed from one glycerol and three fatty acid molecules.

8. Which of the following characteristics distinguishes carbohydrates from other macromolecule types?

a. Carbohydrates are constructed of monomers that always have a ring structure.

b. Carbohydrates never contain nitrogen.

c. Carbohydrates consist of a carbon bonded to hydrogen and a hydroxyl group.

d. Carbohydrates contain glycerol.

e. None of the above

Answer: c

Textbook Reference: Concept 2.3 Carbohydrates Consist of Sugar Molecules

Page: 24

Bloom’s Category: 2. Understanding
Feedback: Carbohydrates always have carbon atoms bonded to hydrogen atoms and hydroxyl groups. They may have a variety of other associated molecules in addition to these.

9. Which of the following statements about carbohydrates is false?

a. Monomers of carbohydrates have six carbon atoms.

b. Monomers of carbohydrates are linked together during dehydration.

c. Carbohydrates are energy-storage molecules.

d. Carbohydrates can be used as carbon skeletons.

e. All of the above are true.

Answer: a
Textbook Reference: Concept 2.3 Carbohydrates Consist of Sugar Molecules

Page: 25-26

Bloom’s Category: 2. Understanding
Feedback: Carbohydrate monomers may have different numbers of carbon atoms. Five-carbon monomers (pentoses) and six-carbon monomers (hexoses) are both common.

10. One characteristic of phospholipids that allows them to form a bilayer is their

a. hydrophilic fatty acid tail.

b. hydrophobic head.

c. hydrophobic fatty acid tail.

d. hydrophilic glycogen acid tail.

e. All of the above

Answer: c
Textbook Reference: Concept 2.4 Lipids Are Hydrophobic Molecules

Page: 28

Bloom’s Category: 1. Remembering
Feedback: Phospholipids are composed of a hydrophilic head and a hydrophobic tail. When they are placed in water, the hydrophobic tails come together in the interior of the bilayer, surrounded by the hydrophilic heads facing outward.

11. A five-carbon sugar is known as a

a. glutamine.

b. glucose.

c. hexose.

d. pentose.

e. None of the above

Answer: d
Textbook Reference: Concept 2.3 Carbohydrates Consist of Sugar Molecules

Page: 24

Bloom’s Category: 1. Remembering
Feedback: Five-carbon sugars are known as pentoses and form the backbones for RNA and DNA.

12. Covalent bonds form when
a. atoms of opposite charge are attracted to each other.

b. hydrogen and oxygen interact.

c. hydrophilic molecules bind hydrophobic molecules.

d. electrons of nonpolar substances interact.

e. atoms share electrons.

Answer: e
Textbook Reference: Concept 2.2 Atoms Interact and Form Molecules

Page: 18

Bloom’s Category: 1. Remembering
Feedback: Covalent bonds form when atoms share electron pairs.

13. _______ energy is the energy of movement.

a. Potential

b. Kinetic

c. Entropic

d. Enthalpic

e. Heat

Answer: b
Textbook Reference: Concept 2.5 Biochemical Changes Involve Energy

Page: 29

Bloom’s Category: 1. Remembering
Feedback: The released energy is available to do work; therefore, it is kinetic energy. Some energy is lost in the form of entropy, but it will not be used by the cell to do work.

14. _______ energy is the energy of state or position.

a. Potential

b. Kinetic

c. Entropic

d. Enthalpic

e. Physical

Answer: a
Textbook Reference: Concept 2.5 Biochemical Changes Involve Energy

Page: 29

Bloom’s Category: 1. Remembering
Feedback: Potential energy is energy held within chemical bonds that may be converted to working kinetic energy.

15. Which of the following statements concerning energy transformations is true?

a. Increases in entropy reduce usable energy.

b. Energy may be created during transformation.

c. Potential energy increases with each transformation.

d. Increases in temperature decrease total amount of energy available.

e. Decreases in entropy reduce usable energy.

Answer: a
Textbook Reference: Concept 2.5 Biochemical Changes Involve Energy

Page: 29

Bloom’s Category: 2. Understanding
Feedback: Total energy = Free energy + entropy  temperature. Any increase in entropy is necessarily going to reduce free energy.

16. A reaction has a G of –20 kcal/mol. This reaction is

a. endergonic, and equilibrium is far toward completion.

b. exergonic, and equilibrium is far toward completion.

c. endergonic, and the forward reaction occurs at the same rate as the reverse reaction.

d. exergonic, and the forward reaction occurs at the same rate as the reverse reaction.

e. of an indeterminate nature according to the information supplied.

Answer: b
Textbook Reference: Concept 2.5 Biochemical Changes Involve Energy

Page: 29-31

Bloom’s Category: 2. Understanding
Feedback: A negative G indicates a reaction with energy being liberated; it will be a spontaneous reaction, and will tend to go in the direction from reactants to products.
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