
CHMY 171

PRACTICE EXAM I ANSWER KEY
Watch your significant figures and units throughout the exam!
Name 





1.   (4 pt) If chemicals A and B react together very slowly and you want to make the reaction faster by adding a catalyst, C, describe experiments you would perform (including control experiments) to determine whether the addition of catalyst C was able to speed up the reaction.  To determine the affect of adding C, you would run a control reaction without adding C and an experimental reaction with C added.  You would have to hold all other variables constant.  You would have to do both reactions side by side under the same atmosphere with the same temperature making the reaction identical with the exception that one had C added and the other did not.  If a difference in the rate of the reactions was observed, you would have a good idea that the difference observed was due to the addition of C, but you would not be sure until you repeated the experiment a number of times, and even then a small amount of uncertainty would linger, because you can never be certain that you controlled all of the variables.
2.   (3 pt) Describe the difference between accuracy and precision.  Accuracy gives an indication of how close a measurement is to the accepted value.  For example, if I measure the density of water, and I get 3.0 g/mL, that is NOT accurate because the accepted value is 1.0 g/mL.  Precision gives an indication of how well multiple measurements made agree with one another.  Precision also gives an indication of how much certainty there is in a measured value (more decimal places in a measurement means more precision).  

3.  (4 pt) How many significant figures are in each of the following values?
a.
29.010



a. ______5_______ 
b.
10110



b.​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​ ______4_______           

c.
30,000



c. ______1_______           

d.
0.033



d. ______2_______           
Remember, zeros before nonzero digits are never significant.  Zeros after nonzero digits are only significant if a decimal appears in the value.
4.  (6 pt) A substance has the following properties.  List by each whether it is a physical or a chemical property.


a.
density = 0.784 g /mL

a. ______p________

b.
highly acidic


b. ______c________


c.
reflective


c. ______p________


d.
flame-resistant


d. ______c________

e.
volatile



e. ______p________


f. 
elastic



f. ______p________

Physical properties can be measured without doing a chemical reaction or altering the identity of the substance.  Measurements such as mass, volume, density, how light reflects on an object, how easily the substance converts to a gas, and whether the object will stretch do not change the identity of a given substance.  Measurements such as how readily a substance will break off a Hydrogen ion (acidity) or how readily something will catch fire (undergo combustion) are measurements that can only be made by altering the chemical structure of the materials being tested.

5.  (1 point each) TRUE and FALSE

A. A homogeneous mixture is uniform throughout.  True, uniform throughout is the definition of homogeneous.
B. An example of a homogeneous mixture is carbonated water (tonic water).  False, the bubbles in carbonated water are mostly made up of CO2 molecules, while the rest of the sample is mostly made of water.  The liquid portion and the gas portions of the mixture are not composed of the same substances even mixed together.
C. A compound is uniform throughout.  True, the term compound implies that there is only one substance present, so when one substance mixes with other units of the same substance, they should mix evenly and thoroughly until every portion of the sample has the exact same composition.
D. An example of a compound is carbonated water (tonic water).  False, carbonated water contains more than one compound, water and CO2 and sometimes sweeteners.
E. A heterogeneous mixture is uniform throughout.  False, the term heterogeneous implies that different segments of the substance will have the substances present mixed in different ratios.
F. An example of a heterogeneous mixture is carbonated water (tonic water).  True, the bubbles have a different composition than the liquid, so they are not all mixed together evenly.
G. An element is uniform throughout.  True, the term element implies that there is only one substance present, so when one substance mixes with other units of the same substance, they should mix evenly and thoroughly until every portion of the sample has the exact same composition.
H. An example of an element is carbonated water (tonic water).  False, there are obviously more than one element present in any kind of water, at least Hydrogen and Oxygen.
6.  (4 pt) How many millimeters are there in 1400 micrometers?  One mm is 103 times larger than a µm.  That means that 103 micrometers are equal to one millimeter.   
[image: image1.png]2 mL = 1400 pum ‘ 1mm = 1.4 mm

‘ 103 um




7.  (4 pt) How many microliters are there in 0.020nL?  nano is 10-9 and micro is 10-6.  The difference between the two is 103.  So, one µL is equal to 103 nL.
[image: image2.png]? Ul = 0.020 nL ‘ 1 um = 2.0x 105 uL

‘ 103 nL




8.  (5 pt) A sample of glass has a density of 1.111 g/mL.  What will be the mass of 27mL of this glass?  They are asking for the mass, so we are looking for units of grams.  We are given the density, which tells us that for every one mL, we have 1.111 g of material, or in other words 1 mL equals 1.111 grams.  Any time two values are equal they can be used to convert one unit into another.  We can put which ever value we want on top as long as they are equal to get the units we don’t want any more to cancel out.  

[image: image3.png]2g=27mL ‘ 1111g - 30.g

‘ 1mL



There should be 2 SF in the answer, because the 27 mL we plugged in only had 2 SF.  When you multiply and divide the answer will have the same number of SF as the value plugged in with the fewest.

9.   (5 pt) A 1.7 x 10-4 kg sample of unknown substance had a volume of 290 µL.  What is the density of the substance in g/mL?  We are looking for grams divided by milliliters, so we have to put mass over volume.  The mass we have is in kg and must be converted to grams.  We also have microliters, so that must be converted to mL.
[image: image4.png]2g = 1.7x10%kg ‘ 10° g ‘ 10°uL = 0.59 g/mL

mL 290 pL ‘ 1kg ‘1mL




10.  (3 pt) What are the three primary particles that make up an atom?  Protons, electrons, and neutrons.

11. (1 pt each) TRUE and FALSE.

A) All matter consists of tiny particles called atoms.  True
B) Atoms are indivisible.  False
C) Atoms are the smallest particles that exist.  False
D) An atom cannot be created from nothing.  True
E) An atom can not be converted to any other type of atom.  False
F) Atoms of different elements have different properties.  True
12.  (4 pt) Describe an early experiment that was performed to show that atoms consist of both positively charged particles and negatively charged particles.  The cathode ray experiment demonstrated that charged particles are present in atoms.  When an atom was broken apart, it gave off pieces of itself.  The particles that were given off were directed toward an electric field.  The positively charged particles were attracted to the negatively charged plate so they struck the detector in a different position from the negatively charged particles.  Because the charged plates were able to alter the direction that some of the particles were traveling, it was concluded that the particles themselves were also charged.
13.  (4 pt) Describe an experiment that was performed to test whether an individual atom is very densely packed with matter or whether it is mostly empty space.  In the Rutherford Gold experiment, the gold foil was found to be porous to very small atoms, so there must be large gaps between the areas of the atoms where the mass is contained.  Thus, the majority of the atom’s mass must be packed in the nucleus, and the rest is mostly empty space.
14.  (3 pt) If Mg atoms have 12 protons and 12 neutrons, explain why the mass on the periodic table is 24.31 rather than 24.00?  The mass on the periodic table represents the average mass for all Mg atoms found in nature, and because some Mg atoms in nature actually have 13 neutrons and a mass of 25, that brings the average up to 24.31 rather than just 24.

15.  (9 pt) List the numbers of protons, electrons, and neutrons in each of the following:

a. 13C

a. __6____ protons, __7_____ neutrons, and ___6____ electrons 
b. 79Br-1

b. __35____ protons, __44_____ neutrons, and __36___ electrons 
c.
44Ti+4

c. __22____ protons, __22_____ neutrons, and ___18___ electrons 

16.  (4 pt) Circle the wavelength of light with the highest frequency.  Put a box around the wavelength of light with the highest energy.  Choice a) has the highest frequency and highest energy.


a) 650 nm

b) 420 mm

c) 480 mm

17.  (4 pt) Explain what is meant when one says that the location of electrons in an atom is quantized.  Quantized means that there are only certain locations where the electrons can be located.  The electrons actually have zero probability of being located in other locations in the electron cloud.  The locations where there is zero probability of finding an electron are called nodes.  Quantization means only certain values or locations are possible.
18.  (3 pt) Describe what happens when a ground state atom is excited.  Ground state refers to the lowest energy position possible for the electron.  If it is in its ground state and it becomes excited, that means that some type of energy must have struck the atom and was absorbed by the atom.  If the energy is absorbed, it must be stored in the atom, so most likely the energy struck an electron and moved it to a higher energy state.  The atom must have absorbed the energy giving the electron enough energy to move away from the nucleus to a higher energy level.  When an electron moves away from the nucleus to a higher energy level, the atom has more energy stored in it.  Eventually, the electron will probably move closer to the nucleus to relax back into its ground state.  If that happens, the energy must then be given off.
19.  (1 pt) How many orbitals are there in the 4f subshell?  7

20.  (1 pt) How many electrons can fit into the 5th energy level?  50

21.  (2 pt) Give a reasonable set of 4 quantum numbers for a 2p electron.  If it is the 2nd energy level, then n must be equal to 2.  If it is a p subshell, the l quantum number must be equal to 1.  If l=1, then ml can be equal to -1, 0, or 1.  ms can be either ½ or -½. 
22.  (8 pt) Which of the following are permissible as sets of quantum numbers for an electron in an atom?  (Circle yes or no to indicate if it is permissible or not, and circle the quantum number(s) that would have to be changed to make it permissible if it is not.)
(a) n =  3,  l = 2,   ml = -3,   ms  = 1/2


yes

no

If l = 2, ml must be -2, -1, 0, 1, or 2.  Ml cannot equal -3 unless l=3 or more.
(b) n = 4,   l = -2,   ml = 0,   ms=-1/2


yes

no

l cannot be negative.
(c) n = 2,   l = 2,  ml = 0,   ms =   3/2


yes

no

l must be equal to 0 or 1 if n=2.  l must always be less than n.  ms can only ever be ½ or -1/2.
(d) n = 50,  l = 0,   ml = 0,   ms=-1/2


yes

no


n can theoretically be any positive integer value between 1 and infinity. 
23.  (4 pt) Will an electron be lower in energy in a 2p subshell or in a 3p subshell, and WHY?  Electrons in the 2p subshell are lower in energy, because there is a higher probability that they will be closer to the nucleus.  Closer to the nucleus is more stable and lower in energy, because of the attraction between the + charge in the nucleus and the – charge of the electrons.

24.  (2 pt) Describe what is meant by the term node with respect to orbital dot pictures.  The node is the region where there is zero probability of finding an electron.
25.  (5 pt) Write the complete electron configuration of the ground state of the nickel atom.  1s22s22p63s23p64s23d8
26.  (3 pt) Explain why electrons prefer to fill into the 4s subshell before entering the 3d subshell.  Because the 3d subshell has an elongated shape and the 4s has a spherical shape, there is actually a higher probability that the electrons will be slightly closer to the nucleus in the 4s than in the 3d.  The 4s and 3d are very close in energy to one another.  

27.  (6 pt) Label the following orbital diagrams as either GROUND STATE, EXCITED STATE, or IMPOSSIBLE.


____    ____             ___  ___  ___         ____            ___  ___ ___        ___    EXCITED

  1s
  2s
                2p

       3s

      3p

        4s            


 ___      ___             ___  ___  ___          ____         ___   ___  ___        ____    EXCITED

  1s
  2s
                2p

       3s

      3p

        4s            


___      ___             ___  ___  ___          ____         ___   ___  ___       GROUND STATE

  1s
  2s
                2p

       3s

      3p

 

28.   Write the abbreviated orbital diagram for the ground state of the iron atom. (use boxes and arrows, 5 points).  

[Ar]   ___          ___   ___   ___   ___   ___

           4s

       3d 

29.  (2 pt) Explain why Cr atoms do not have a full 4s energy level.  In Cr, an electron that would normally be in the 4s jumps to the 3d to make both the 4s and the 3d exactly ½ full.  There is something especially stable about having totally full or exactly ½ full subshells.
