
  
    
  
Chapter 8. Solid State and Superconductors



Solid State Structures and Superconductors



 Objectives



 	Build examples of: simple cubic, body centered cubic and face centered cubic cells. 

	Understand and familiarize with three-dimensionality of solid state structures. 

	Understand how binary ionic compounds (compounds made up of two different types of ions) pack in a crystal lattice. 

	Observe the special electromagnetic characteristics of superconducting materials using 1,2,3-superconductor 
, discovered in 1986 by Dr. Paul Chu at the University of Houston. 




Grading



 Your grade will be determined according to the following
 	Pre-lab (10%) 

	Lab report form. (80%) 

	TA points (10%) 




Before coming to lab:



 	Read introduction and model kits section 

	Complete prelab exercise 




Introduction



 From the three states of matter, the solid state is the one in which matter is highly condensed. In the solid state, when atoms, molecules or ions pack in a regular arrangement which can be repeated "infinitely" in three dimensions, a crystal is formed. A crystalline solid, therefore, possesses long-range order; its atoms, molecules, or ions occupy regular positions which repeat in three dimensions. On the other hand an amorphous solid does not possess any long-range order. Glass is an example of an amorphous solid. And even though amorphous solids have very interesting properties in their own right that differ from those of crystalline materials, we will not consider their structures in this laboratory exercise. 
  
 The simplest example of a crystal is table salt, or as we chemists know it, sodium chloride (NaCl). A crystal of sodium chloride is composed of sodium cations (
) and chlorine anions (
) that are arranged in a specific order and extend in three dimensions. The ions pack in a way that maximizes space and provides the right coordination for each atom (ion). Crystals are three dimensional, and in theory, the perfect crystal would be infinite. Therefore instead of having a molecular formula, crystals have an empirical formula based on stoichiometry. Crystalline structures are defined by a unit cell which is the smallest unit that contains the stoichiometry and the “spatial arrangement” of the whole crystal. Therefore a unit cell can be seen as the building block of a crystal.
  
  
  
 The crystal lattice
  
 In a crystal, the network of atoms, molecules, or ions is known as a crystal lattice or simply as a lattice. In reality, no crystal extends infinitely in three dimensions and the structure (and also properties) of the solid will vary at the surface (boundaries) of the crystal. However, the number of atoms located at the surface of a crystal is very small compared to the number of atoms in the interior of the crystal, and so, to a first approximation, we can ignore the variations at the surface for much of our discussion of crystals. Any location in a crystal lattice is known as a lattice point. Since the crystal lattice repeats in three dimensions, there will be an entire set of lattice points which are identical. That means that if you were able to make yourself small enough and stand at any such lattice point in the crystal lattice, you would not be able to tell which lattice point of the set you were at – the environment of a lattice point is identical to each correspondent lattice point throughout the crystal. Of course, you could move to a different site (a non-correspondent lattice point) which would look different. This would constitute a different lattice point. For example, when we examine the sodium chloride lattice later, you will notice that the environment of each sodium ion is identical. If you were to stand at any sodium ion and look around, you would see the same thing. If you stood at a chloride ion, you would see a different environment but that environment would be the same at every chloride ion. Thus, the sodium ion locations form one set of lattice points and the chloride ion locations form another set. However, lattice points not only exist in atom positions. We could easily define a set of lattice points at the midpoints between the sodium and chloride ions in the crystal lattice of sodium chloride. 
  
 The unit cell
  
 Since the crystal lattice is made up of a regular arrangement which repeats in three dimensions, we can save ourselves a great deal of work by considering the simple repeating unit rather than the entire crystal lattice. The basic repeating unit is known as the unit cell. Crystalline solids often have flat, well-defined faces that make definite angles with their neighbors and break cleanly when struck. These faces lie along well-defined directions in the unit cell.
 The unit cell is the smallest, most symmetrical repeating unit that, when translated in three dimensions, will generate the entire crystal lattice. 
  
 It is possible to have a number of different choices for the unit cell. By convention, the unit cell that reflects the highest symmetry of the lattice is the one that is chosen. A unit cell may be thought of as being like a brick which is used to build a building (a crystal). Many bricks are stacked together to create the entire structure. Because the unit cell must translate in three dimensions, there are certain geometrical constraints placed upon its shape. The main criterion is that the opposite faces of the unit cell must be parallel. Because of this restriction there are only six parameters that we need to define in order to define the shape of the unit cell. These include three edge lengths a, b, and c and three angles 
α, 
βand 
γ. Once these are defined all other distances and angles in the unit cell are set. As a result of symmetry, some of these angles and edge lengths may be the same. There are only seven different shapes for unit cells possible. These are given in the chart below. 
Table 8.1. 	Unit Cell Type	Restrictions on Unit Cell Parameters	Highest Type of Symmetry Element Required
	Triclinic	a is not equal to b is not equal to c; 
αis not equal to 
βis not equal to 
γ.	no symmetry is required, an inversioncenter may be present
	Monoclinic	a is not equal to b is not equal to c
α= 
γ
90°
βis not equal to 
90°.	highest symmetry element allowed is aC2 axis or a mirror plane
	Orthorhombic	a is not equal to b is not equal to c
α= 
β= 
γ
90°	has three mutually perpendicularmirror planes and/or C2 axes
	Tetragonal	a =b is not equal to c 
α= 
β= 
γ
90°	has one C4 axis
	Cubic	a =b =c 
α= 
β= 
γ
90°	has C3 and C4 axes
	Hexagonal, Trigonal	a =b is not equal to c 
α= 
β=
90°
γ
120°	C6 axis (hexagonal); C3 axis (trigonal)
	Rhombohedral*	a =b =c 
α= 
β= 
γis not equal to
90°	C3 axis (trigonal) 


 *There is some discussion about whether the rhombohedral unit cell is a different group or is really a subset of the trigonal/hexagonal types of unit cell.

Stoichiometry



 You will be asked to count the number of atoms in each unit cell in order to determine the stoichiometry (atom-to-atom ratio) or empirical formula of the compound. However, it is important to remember that solid state structures are extended, that is, they extend out in all directions such that the atoms that lie on the corners, faces, or edges of a unit cell will be shared with other unit cells, and therefore will only contribute a fraction of that boundary atom. As you build crystal lattices in these exercises you will note that eight unit cells come together at a corner. Thus, an atom which lies exactly at the corner of a unit cell will be shared by eight unit cells which means that only ⅛ of the atom contributes to the stoichiometry of any particular unit cell. Likewise, if an atom is on an edge, only ¼ of the atom will be in a unit cell because four unit cells share an edge. An atom on a face will only contribute ½ to each unit cell since the face is shared between two unit cells.
 It is very important to understand that the stoichiometry of the atoms within the unit cell must reflect the composition of the bulk material. 
  
Binding forces in a crystal



  
 The forces which stabilize the crystal may be ionic (electrostatic) forces, covalent bonds, metallic bonds, van der Waals forces, hydrogen bonds, or combination of these. The properties of the crystal will change depending upon what types of bonding is involved in holding the atoms, molecules, or ions in the lattice. The fundamental types of crystals based upon the types of forces that hold them together are: metallic in which metal cations held together by a sea of electrons, ionic in which cations and anions held together by predominantly electrostatic attractions, and network in which atoms bonded together covalently throughout the solid (also known as covalent crystal or covalent network).
  

Close-packing



  
 Close-packing of spheres is one example of an arrangement of objects that forms an extended structure. Extended close-packing of spheres results in 74% of the available space being occupied by spheres (or atoms), with the remainder attributed to the empty space between the spheres. This is the highest space-filling efficiency of any sphere-packing arrangement. The nature of extended structures as well as close-packing, which occurs in two forms called hexagonal close packing (hcp) and cubic close packing (ccp), will be explored in this lab activity. Sixty-eight of the ninety naturally occurring elements are metallic elements. Forty of these metals have three-dimensional submicroscopic structures that can be described in terms of close-packing of spheres. Another sixteen of the sixty-eight naturally occurring metallic elements can be described in terms of a different type of extended structure that is not as efficient at space-filling. This structure occupies only 68% of the available space in the unit cell. This second largest subgroup exhibits a sphere packing arrangement called body-centered cubic (bcc). 
  
 You should be able to calculate the % of void space using simple geometry.

Packing of more than one type of ion (binary compounds) in a crystal lattice



 A very useful way to describe the extended structure of many substances, particularly ionic compounds, is to assume that ions, which may be of different sizes, are spherical. The structure then is based on some type of sphere packing scheme exhibited by the larger ion, with the smaller ion occupying the unused space (interstitial sites). In structures of this type, coordination number refers to the number of nearest neighbors of opposite charge. Salts exhibiting these packing arrangements will be explored in this lab activity. 

Coordination number and interstitial sites



  
 When spherical objects of equal size are packed in some type of arrangement, the number of nearest neighbors to any given sphere is dependent upon the efficiency of space filling. The number of nearest neighbors is called the coordination number and abbreviated as CN. The sphere packing schemes with the highest space-filling efficiency will have the highest CN. Coordination number will be explored in this lab activity. A useful way to describe extended structures, is by using the unit cell which as discussed above is the repeating three-dimensional pattern for extended structures. A unit cell has a pattern for the objects as well as for the void spaces. The remaining unoccupied space in any sphere packing scheme is found as void space. This void space occurs between the spheres and gives rise to so-called interstitial sites. 
  


Synthesis of solid state materials



 There exist many synthetic methods to make crystalline solids. Traditional solid state chemical reactions are often slow and require high temperatures and long periods of time for reactants to form the desire compound. They also require that reactants are mixed in the solid state by grinding two solids together. In this manner the mixture formed is heterogeneous (i.e. not in the same phase), and high temperatures are required to increase the mobility of the ions that are being formed into the new solid binary phase. Another approach to get solid state binary structures is using a precursor material such as a metal carbonate, that upon decomposition at high temperatures loses gaseous 
 resulting in very fine particles of the corresponding metal oxide (e.g., 
).

X-ray crystallography



 

        

 



 To determine the atomic or molecular structure of a crystal diffraction of X-rays is used. It was observed that visible light can be diffracted by the use of optical grids, because these are arranged in a regular manner. Energy sources such as X-rays have such small wavelengths that only “grids” the size of atoms will be able to diffract X-rays. As mentioned before a crystal has regular molecular array, and therefore it is possible, to use X-ray diffraction to determine the location of the atoms in crystal lattice. When such an experiment is carried out we say that we have determined the crystal structure of the substance. The study of crystal structures is known as crystallography and it is one of the most powerful techniques used today to characterize new compounds. You will discuss the principles behind X-ray diffraction in the lecture part of this course. 
  

Superconductors



  
 A superconductor is an element, or compound that will conduct electricity without resistance when it is below a certain temperature. Without resistance the electrical current will flow continuously in a closed loop as long as the material is kept below an specific temperature. Since the electrical resistance is zero, supercurrents are generated in the material to exclude the magnetic fields from a magnet brought near it. The currents which cancel the external field produce magnetic poles opposite to the poles of the permanent magnet, repelling them to provide the lift to levitate the magnet. In some countries (including USA) this magnet levitation has been used for transporation. Specifically trains can take advantage of this levitation to virtually eliminate friction between the vehicle and the tracks. A train levitated over a superconductor can attain speeds over 300 mph!


Solid State Model Kits 



 In this experiment we will use the Institute for Chemical Education (ICE) Solid-State Model Kits which are designed for creating a variety of common and important solid state structures. Please be careful with these materials as they are quite expensive. There is a list of kit components on the inside of the lid of each box. Please make sure that you have all the listed pieces and that these are in their proper locations when you finish using the kit.
 The TAs will deduct points from your lab grade if the kits are not returned with all pieces present and properly organized.
Use of the Solid State Model Kit: 



 The following instructions are abbreviated. Please consult the instruction manual found in the kits for more details if you need assistance in building any of the structures given. Note that some of the model kits are older than others and the manuals’ and page numbers may not correspond.
  
 There are four major part types in each model kit:
 *2 off-white, thick plastic template bases with holes (one with a circle, the other a semicircle);
 *cardboard templates (about 20 labeled A-T);
 *metal rods (to be inserted in the holes to support the plastic spheres)
  *plastic spheres in 4 sizes and colors.
 The spheres can represent atoms, ions, or even molecules depending upon the kind of solid it is.
 You will be given directions for the use of a specific base, template, placement of the rods, selection of spheres, and arrangement of the spheres as you progress. The ICE model kits make use of Z-diagrams to represent how the structure will be built up. Each type of sphere will be numbered with the z layer in which it belongs.
 As we build each structure in three-dimensional space, we will be drawing figures to represent the unit cell structures. Each level or layer of atoms, ions, or molecules in a unit cell can be represented by a two-dimensional base, that is, a square, hexagon, parallelogram, etc.
 To draw the Z-diagrams the bottom layer is referred to as z=0. We then proceed layer by layer up the unit cell until we reach a layer which is identical to the z=0 layer. This is z=1. Since z=0 and z=1 are identical by definition, we do not have to draw z=1, although you might want to do so as you are learning how to work with solid state figures. The layers between top and bottom are given z designations according to their positions in the crystal. So, for example, a unit cell with 4 layers (including z=0 and z=1) would also have z=0.33 (1/3) and z=0.67 (2/3).
 Each solid-state kit has two types of bases (one using rectangular coordinates, the other using polar coordinates) indicated by a full circle or semicircle, or by color (yellow and green.)
 You will first build structures that involve only one type of atom, as you would find in crystalline solids of the elements, especially that of the metals. Then you will examine ionic compounds which are known as binary solids. Binary solids are those composed of only two types of atoms, such as sodium chloride or calcium fluoride.
 If time permits there is an extra credit exercise you can do. You may not do this extra credit exercise until the report form has been completed nor may you receive credit for the extra credit assignment unless you fully complete the report form.

Working groups and teams



 You and your lab partner will constitute a group. Each group will receive one model kit and two groups will work together as a team. Your TA will assign you the structures you have to do, and at the end each team will discuss the structures assigned on front of the class. The number of teams and the assignments the TA will give you will be decided based on the number of students in a particular laboratory session. The laboratory is divided for six teams (A-F) 

Experimental Procedure 



 Every part of the experimental procedure has correspondent questions on the Report Form. Do not proceed until ALL questions accompanying each section have been answered and recorded.
 1. Demonstration of the 1,2,3-superconductor 

 A pellet of the 1,2,3-superconductor 
 is placed on the top of an inverted paper cup. The pellet is cooled down by carefully pouring liquid nitrogen over it until the bottom of the cup is filled up. After approximately 10 seconds (when the bubbling stops) the pellet should reach the liquid nitrogen temperature. Your TA will then place a very strong magnet over the pellet.
 What happens to the magnet? What happens as the superconductor warms up? What is the Meissner effect? (Write observations and answer these questions on your report form)
 Warning- LIQUID NITROGEN CAN CAUSE FROST BITE! Do not directly touch anything that has come into contact with the liquid nitrogen until it is warmed up to room temperature. 
 NOTE TO TA: to remove a levitating magnet, simply wait until the liquid nitrogen fully evaporates or use another magnet to "grab" the floating magnet. Be careful not to lose or break these very tiny, yet expensive, magnets!!!!
  

 



 

        

2. Cubic Cells



 There are many types of fundamental unit cells, one of which is the cubic cell. In turn, there are three subclasses of the cubic cell: 
 a. simple or primitive cubic (P)
 b. body-centered cubic (bcc, I*)
 c. face-centered cubic (fcc, F)
 *The I designation for body-centered cubic comes from the German word innenzentriert.
 We do not have time to build models of all of the unit cells possible, so we will focus on the cubic structure and its variations. Our investigation will include several aspects of each cell type:
 	the number of atoms per unit cell 

	the efficiency of the packing of atoms in the volume of each unit cell 

	the number of nearest neighbors (coordination number) for each type of atom 

	the stoichiometry (atom-to-atom ratio) of the compound 



 A.     Simple Cubic Unit Cells or Primitive Cubic Unit Cells (P)
Team A



 Group 1. Single Unit Cell
 · Construct a simple cubic cell using template A and its matching base. 
 · Insert rods in the 4 circled holes in the shaded region of the template.
 · Build the first layer (z = 0) by placing a colorless sphere on each rod in the shaded region.
 · Draw a picture of this layer as previously described.
 · Complete the unit cell by placing 4 colorless spheres on top of the first layer.
 This is the z=1 layer. 
 Group 2. Extended Structure 



 	Construct an extended cubic cell using template A. 

	Insert rods in the circled holes of template A in the area enclosed by the dotted lines. 

	Construct a set of unit cells as described for making a single unit cell. 



 Look closely at the structures generated by both groups. They are called simple (or primitive) cubic.
 Considering all of the cells around it, answer the corresponding questions on the report form. 
 B.      Body-Centered Cubic Structure (BCC)
 Team B
 Group 1. Single Unit Cell 
 · Construct a body-centered cubic (bcc) structure using template F. · Insert the rods in all 5 of the holes in the shaded region.
 · Use the guide at left and place four colorless spheres in the first layer (1) at the corners for z=0.
 · Place one colorless sphere in the second layer (2) on the center rod for z=0.5
 · Construct the z=1 layer.
  Group 2.Extended Structure 
 	Using template F, construct an extended body-centered cubic structure. 

	Insert rods in every hole of the template/block. 

	Using the guide which follows, place colorless spheres for z=0 on every rod labeled 1. 

	For z=0.5 place colorless spheres on each rod labeled 2. 

	Complete the z=1 layer and then place another two layers on top. 



 	Face-Centered Cubic (FCC) Structure 



 Team C
 Group 1. Single Unit Cell
 · Construct a single face-centered cubic cell using template C, colorless spheres and the layering as illustrated. Only put rods and spheres on one of the squares defined by the internal lines.
  
 [image: Figure (graphics1.png)]

Figure 8.1. 

  
 Group 2. Extended Structure 
 · Construct an extended face-centered cubic structure using template C (You can find instructions on how to do it in the manual that comes with the kit.)
  
 3. Close-Packing: Sphere Packing & Metallic Elements
 Team D
 Group 1. Construct the hexagonal close-packing unit cell (use the one requiring the C6 template)
 Group 2. Construct the cubic close-packing unit cell (use the one requiring the C6 template)
 Team E
 Group 1. Add a 2' layer on top of the existing structure.
 Group 2. Add a 2' layer on top of the existing structure.
 Team F
 Using only the shaded portion on the template, construct the face-centered cubic unit cell which uses the C4 template.
 Compare the structures of the face-centered cubic unit cell made on the C4 template to that made on the C6 template. 


4. Interstitial sites and coordination number (CN)



 

          

Team A



 Group 1 - Construct CN 8, CN 6 and CN 4 (using the C4 template).
 Group 2 - Construct CN 6, CN 4 (body diagonal) (using the C6 template).


5. Ionic Compounds



 Now we will look at some real ionic compounds which crystallize in different cubic unit cells. We will use the models to determine the stoichiometry ( atom-to-atom ratios) for a formula unit. 
 Team B
 Cesium Chloride
 · Construct a model of cesium chloride on template A. This time use colorless spheres as layers 1 and 1' and the green spheres for layer 2.
 · Start with the shaded area and then work your way outward to an extended structure. Consider both simple and extended structures when answering the questions which follow.
  
Team C



 

          

Fluorite: Calcium fluoride



 · Construct a model of fluorite, which is calcium fluoride, on template E.
 · Green spheres will be used for layers 1, 3, and 1' while colorless spheres go on layers 2 and 4. 
 · Finish with a 1' layer on top. Build the structure by placing rods in all 13 holes in the area enclosed by the internal line.
  

Team D



 

          

Lithium Nitride 



 

          

· Use the L template and insert 6 rods in the parallelogram portion of the dotted lines. 



 

          

· Construct the pattern shown below. Be sure to include a z=1 layer. 1 is a green sphere while 1 and 2 are blue spheres.  The 0  indicates a 4.0 mm spacer tube; the 2  is an 18.6 mm spacer.



 [image: Figure (graphics2.jpg)]

Figure 8.2. 


Teams E and F



 

          

Zinc Blende and Wurtzite: Zinc Sulfide



 Team E. Zinc Blende: Use template D to construct the crystal pattern illustrated below. Numbers 2 and 4 are blue spheres while 1 and 3 are colorless spheres and 4  is a 16.1 mm spacer.
 Team F. Wurtzite: Use template L to construct the Wurtzite lattice. Numbers 1, 3 and 1' are colorless spheres and Numbers 2 and 4 are pink spheres. 
  
  
  
 [image: Figure (graphics3.png)]
Figure 8.3. 




Pre-Lab: Solid State and Superconductors 



 

      

(Total 10 Points)



 Hopefully here for the Pre-Lab
 Name(Print then sign): ___________________________________________________
 Lab Day: ___________________Section: ________TA__________________________
 This assignment must be completed individually and turned in to your TA at the beginning of lab. You will not be allowed to begin the lab until you have completed this assignment.
 	List the existing crystal systems (unit cell types):

	Which of these unit cells will we study in this laboratory exercise? 

	Which are the three subclasses of this type of unit cell?

	Define coordination number:

	What is the volume of a sphere? Of a cube?




Report: Solid State and Superconductors



 Hopefully here for the Report Form
 Note: In preparing this report you are free to use references and consult with others. However, you may not copy from other students’ work (including your laboratory partner) or misrepresent your own data (see honor code).
 Name(Print then sign): ___________________________________________________
 Lab Day: ___________________Section: ________TA__________________________
 Part I Demonstration and Unit cell theory
 A. TA Demo of the superconductor
 Describe and explain your observations (What happens with the magnet? Briefly describe the Meissner effect?) 
  
  
 B. The unit cell 1. A cube (see below) has _______ corners, _______ edges & _______ faces.
 [image: Figure (graphics4.png)]

Figure 8.4. 

 2. Structure A below shows how a unit cell may be drawn where one choice of unit cell is shown in bold lines. In Structures B, C and D below, draw the outline(s) of the simplest 2-D unit cells (two-dimensional repeating patterns depicted by a parallelogram that encloses a portion of the structure). 
 If the unit cell is moved in the X,Y-plane in directions parallel to its sides and in distance increments equal to the length of its sides, it has the property of duplicating the original structural pattern of circles as well as spaces between circles. Can a structure have more than one type of unit cell? ________
  
 [image: Figure (graphics5.png)]

Figure 8.5. 

Table 8.2. 	Structure A	Structure B	Structure C	Structure D


 3. If the circle segments enclosed inside each of the bold-faced parallelograms shown below were cut out and taped together, how many whole circles could be constructed for each one of the patterns:
 [image: Figure (graphics6.png)]

Figure 8.6. 

Table 8.3. 	 	 	 


 4. Shown below is a 3-D unit cell for a structure of packed spheres. The center of each of 8 spheres is at a corner of the cube, and the part of each that lies in the interior of the cube is shown. If all of the sphere segments enclosed inside the unit cell could be glued together, how many whole spheres could be constructed?
  [image: graphics7.png]  
 number of whole spheres: ________
 5. For each of the figures shown below, determine the number of corners and faces. Identify and name each as one of the regular geometric solids.
 [image: Figure (graphics8.png)]

Figure 8.7. 

 AB
Table 8.4. 	 	A	B
	Number of corners	 	 
	Number of faces	 	 
	Name of the shape of this object	 	 


  
  
  
 Part II Experimental
 	Cubic Cells



A. Simple Cubic Unit Cells or Primitive Cubic Unit Cells (P)



 a. How would you designate the simple cube stacking - aa, ab, abc, or some other?
  
 b. If the radius of each atom in this cell is r, what is the equation that describes the volume of the cube generated in terms of r? (Note that the face of the cube is defined by the position of the rods and does not include the whole sphere.)
  
  
 c. Draw the z-diagram for the unit cell layers.
  
  
 d. To how many different cells does a corner atom belong? What is the fractional contribution of a single corner atom to a particular unit cell?
  
 e. How many corner spheres does a single unit cell possess?
   
 f. What is the net number of atoms in a unit cell? (Number of atoms multiplied by the fraction they contribute)
  
 g. Pick an interior sphere in the extended array. What is the coordination number (CN) of that atom? In other words, how many spheres are touching it? .
  
 h. What is the formula for the volume of a sphere with radius r?
  
 i. Calculate the packing efficiency of a simple cubic unit cell (the % volume or space occupied by atomic material in the unit cell). Hint: Consider the net number of atoms per simple cubic unit cell (question g) the volume of one sphere (question i), and the volume of the cube (question b).
  
  
  

B. Body-Centered Cubic (BCC) Structure 



 a. Draw the z diagrams for the layers.
  
  
  b. Fill out the table below for a BCC unit cell 
Table 8.5. 	Atom type	Number	Fractional Contribution	Total Contribution	Coordination Number
	Corner	 	 	 	 
	Body	 	 	 	 


 c. What is the total number of atoms in the unit cell?
  
 d. Look at the stacking of the layers. How are they arranged if we call the layers a, b, c, etc.?
  
 e. If the radius of each atom in this cell is r, what is the formula for the volume of the cube generated in terms of the radius of the atom? (See diagrams below.)
  
   
  
  
 f. Calculate the packing efficiency of the bcc cell: Find the volume occupied by the net number of spheres per unit cell if the radius of each sphere is r; then calculate the volume of the cube using r of the sphere and the Pythagoras theorem (
a2+b2=c2) to find the diagonal of the cube. 
  
  
  
  
  
  

C. The Face Centered Cubic (FCC) Unit Cell



 

        

a. Fill out the following table for a FCC unit cell.



Table 8.6. 	Atom type	Number	Fractional Contribution	Total Contribution 	Coordination Number
	Corner	 	 	 	 
	Face	 	 	 	 


 b. What is the total number of atoms in the unit cell?
 c. Using a similar procedure to that applied in Part B above; calculate the packing efficiency of the face-centered cubic unit cell.
  
  
  
  
 	Close-Packing



 a. Compare the hexagonal and cubic close-packed structures.
  
  
 b. Locate the interior sphere in the layer of seven next to the new top layer. For this interior sphere, determine the following:
Table 8.7. 	Number of touching spheres:	hexagonal close-packed (hcp)	cubic close-packed (ccp)
	on layer below	 	 
	on the same layer 	 	 
	on layer above	 	 
	TOTAL CN of the interior sphere	 	 


 c. Sphere packing that has this number (write below) of adjacent and touching nearest neighbors is referred to as close-packed. Non-close-packed structures will have lower coordination numbers.
  
 d. Are the two unit cells the identical?  
  
 e. If they are the same, how are they related? If they are different, what makes them different? 
  
 f. Is the face-centered cubic unit cell aba or abc layering? Draw a z-diagram.
  
  III.Interstitial sites and coordination number (CN)
 a. If the spheres are assumed to be ions, which of the spheres is most likely to be the anion and which the cation, the colorless spheres or the colored spheres? Why? 
   
 b. Consider interstitial sites created by spheres of the same size. Rank the interstitial sites, as identified by their coordination numbers, in order of increasing size (for example, which is biggest, the site with coordination number 4, 6 or 8?).
  
  c. Using basic principles of geometry and assuming that the colorless spheres are the same anion with radius r A in all three cases, calculate in terms of rA the maximum radius, rC, of the cation that will fit inside a hole of CN 4, CN 6 and CN 8. Do this by calculating the ratio of the radius of to cation to the radius of the anion: 
rC/rA.
    
  
 d. What terms are used to describe the shapes (coordination) of the interstitial sites of CN 4, CN 6 and CN 8? 
 CN 4: ________________
 CN 6: _______________
 CN 8: ________________
  

IV.Ionic Solids



 A. Cesium Chloride
 1. Fill the table below for Cesium Chloride
 
Table 8.8. 	 	Colorless spheres	Green spheres
	Type of cubic structure	 	 
	Atom represented 	 	 


 
  
  
 2. Using the simplest unit cell described by the colorless spheres, how many net colorless and net green spheres are contained within that unit cell?
   
 3. Do the same for a unit cell bounded by green spheres as you did for the colorless spheres in question 4.
   
 4. What is the ion-to-ion ratio of cesium to chloride in the simplest unit cell which contains both? (Does it make sense? Do the charges agree?)
   
 B. Calcium Fluoride
  1. Draw the z diagrams for the layers (include both colorless and green spheres).
   
  
 2. Fill the table below for Calcium Fluoride
 
Table 8.9. 	 	Colorless spheres	Green spheres
	Type of cubic structure	 	 
	Atom represented 	 	 


 
  
  
 3. What is the formula for fluorite (calcium fluoride)? 
  
 C. Lithium Nitride
 1. Draw the z diagrams for the atom layers which you have constructed.
  
    
 2. What is the stoichiometric ratio of green to blue spheres?
   
 3. Now consider that one sphere represents lithium and the other nitrogen. What is the formula?
 4. How does this formula correspond to what might be predicted by the Periodic Table?
  
 D. Zinc Blende and Wurtzite
 Fill in the table below:
Table 8.10. 	 	Zinc Blende	Wurtzite
	Stoichiometric ratio of colorless to pink spheres	 	 
	Formula unit (one sphere represents and the other the sulfide ion)	 	 
	Compare to predicted from periodic table	 	 
	Type of unit cell	 	 


  



Solutions


Chapter 2. Stoichiometry: Laws to Moles to Molarity



Experiment 2: Stoichiometry: Laws to Moles to Molarity



Objective



 	To determine the mass of a product of a chemical reaction

	To make a solution of assigned molarity – your accuracy will be tested by your TA by titration!




Grading



 	Pre-lab (10%)

	Lab Report (80%)

	TA points (10%)




Before Coming to Lab..



 	Read the lab instructions

	Complete the pre-lab, due at the beginning of the lab




Introduction



 The word stoichiometry derives from two Greek words: stoicheion (meaning "element") and metron (meaning "measure"). Stoichiometry deals with calculations about the masses (sometimes volumes) of reactants and products involved in a chemical reaction. Consequently, it is a very mathematical part of chemistry.
 In the first part of this lab, sodium bicarbonate is reacted with an excess of hydrochloric acid. 
 
          
            
                
                  
                    
                      NaHCO
                          
                            3
                          
                        
                      (
                      s
                      
                        )
                        +
                        HCl
                      
                      (
                      aq
                      )
                      →
                      NaCl
                      (
                      aq
                      
                        )
                        +
                        CO
                            
                              2
                            
                          
                      
                      (
                      g
                      
                        )
                        +
                        H
                            
                              2
                            
                          
                      
                      O
                    
                  
                
                
              
          
        
 By measuring the mass of 
NaHCO3 and balancing the equation (above), the mass of NaCl expected to be produced can be calculated and then checked experimentally. Then, the actual amount of NaCl produced can be compared to the predicted amount. 
 This process includes molar ratios, molar masses, balancing and interpreting equations, and conversions between grams and moles and can be summarized as follows:
 	Check that the chemical equation is correctly balanced. 

	Using the molar mass of the given substance, convert the mass given in the problem to moles. 

	Construct a molar proportion (two molar ratios set equal to each other). Use it to convert to moles of the unknown. 

	Using the molar mass of the unknown substance, convert the moles just calculated to mass. 



 In the second part of this lab, since a great deal of chemistry is done with solutions, a solution will be prepared of allocated molarity. Molarity, or more correctly molar concentration, is defined to be the number of moles of solute divided by the number of liters of solution:
 
          
        
 with units of [mole/L]. However molar concentration depends on the temperature so a higher temperature would result in an increased volume with a consequential decrease in molar concentration. This can be a significant source of error, of the same order as the error in the volume measurements of a burette, when the temperature increases more than 5 º C. 
 Steps to preparing a solution of a certain concentration:
 	First need to know the formula for the solute, e.g. potassium chromate: 
K2CrO4. 

	Need the molecular weight of the solute: by adding up the atomic weights of potassium, chromium and oxygen: 39.10, 52.00 and 16.00 in the correct ratios:
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	Then the volume of solution, usually deionised water: e.g. for one liter of solution use a 1000 mL volumetric flask. So a 1M solution would require 194.2g of solid 
K2CrO4 in 1 L, 0.1M 19.42g of solid 
K2CrO4 and so on.

	Remember to ensure that all the solute is dissolved before finally filling to the mark on the volumetric flask. If there is any undissolved solute present in the solution, the water level will go down slightly below the mark, since the volume occupied by the solute differs from the actual volume it contributes to the solution once it is dissolved. 



 Your teaching assistant will check the accuracy of the solution that you have made by titration, which is a method of quantitatively determining the concentration of a solution. A standard solution (known concentration) is slowly added from a burette to a solution of the analyte (unknown concentration – your solution) until the reaction between them is judged to be complete equivalence point). In colorimetric titration, some indicator must be used to locate the equivalence point. One example is the addition of acid to base using phenolphthalein (indicator) to turn a pink solution colorless in order to determine the concentration of unknown acids and bases. Record your TAs value of the molarity of your solution on your report form along with your percent error.
 [image: Figure (graphics1.png)]

Figure 2.1. 

 Figure 1: Reading the Burette
 When an acid is neutralized by a base, since there is stoichiometrically equal amounts of acid and base and the pH = 7, it is possible to accurately determine the concentration of either the acid or base solution. Since:
 Moles of a substance = Concentration of solution (moles/L) x Volume (L)
 We can calculate the concentration of the acid or base in the solution using:
 
          
        
Titration Calculations:



 Step 1:Balance the neutralization equation. Determine Balance of Acid and Base.
 Step 2:Determine what information is given.
 Step 3:Determine what information is required.
 Step 4:Solve using the equation below.
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Example:



 Calculate the concentration of a nitric acid solution 
HNO3 if a 20 ml sample of the acid required an average volume of 55 ml of a 0.047 mol/l solution of 
BaOH2 to reach the endpoint of the titration.
 Step 1: 
2HNO3+BaOH2→BaNO32+2H2OBalance Base = 1Balance Acid = 2
 Step 2:Given informationVolume Acid = 20 mlVolume Base (average) = 55 ml Concentration of Base = 0.047 mol/l
 Step 3: Required informationConcentration of AcidStep 4:Solve using the equation.
Βb×Ca×Va=Βa×Cb×Vb1×Ca×20ml=2×0.047mol/1×55ml Ca = 0.2585 mol/l ( considering significant figures 0.26 mol/l)


Experimental



Materials List 



 sodium bicarbonate 
NaHCO3
 3M hydrochloric acid (HCl) solution

Procedure



 

          

Part 1 



 	Weigh an empty 150-mL beaker on the electronic balance. Record this value in your data table. 

	Remove the beaker from the balance and add one spoonful of sodium bicarbonate (approximately 5 g). Re-weigh and record this value.

	Pour approximately 20 mL of 3M hydrochloric acid into a 100-mL beaker. Rest a Pasteur pipette in the beaker. 

	Add 3 drops of acid to the 
NaHCO3beaker, moving the pipette so that no drops land on each other. The key point is to spread out the adding of acid so as to hold all splatter within the walls of the beaker. 

	Continue to add acid slowly drop by drop. As liquid begins to build up, gently swirl the beaker. This is done to make sure any unreacted acid reaches any unreacted sodium bicarbonate. Do not add acid while swirling. 

	Stop adding the hydrochloric acid when all bubbling has ceased. So that the minimum amount of HCl has reacted with all of the sodium bicarbonate. Check when all the bubbling has ceased, by swirling the beaker and to ensure that there is no more bubbling. When all the bubbling has ceased, add one drop more of acid and swirl. 

	Weigh the beaker and contents, record.

	Using a microwave oven, dry to constant weigh, initially for 1 min, when there is plenty of solution, and then 10 second intervals thereafter. Measure weight to the nearest milligram.




Materials List 



 100 mls volumetric flask
 3M hydrochloric acid (HCl) solution
 sodium bicarbonate 
NaHCO3
 methyl orange indicator

Part 2



 	Ask you TA for your assigned molarity – it will range from 0.7 M to 1.2 M. 

	First need to know the formula for the solute. 

	Need the molecular weight of the solute in g/mole.

	The volume of solution, 100 mLs.

	Remember to ensure that all the solute is dissolved before finally filling with deionised water to the mark on the volumetric flask. 

	Take your solution to your TA to check the molarity by titration, record value on your report form and your percent error.






Pre-Lab 2: Stoichiometry



 (Total 10 points)
 Click here
   to print the Pre-Lab
Note: In preparing this Pre-Lab you are free to use references and consult with others. However, you may not copy from other students’ work (including your laboratory partner) or misrepresent your own data (see honor code).
 Name(Print then sign): ___________________________________________________
 Lab Day: ___________________Section: ________TA__________________________
 Circle the correct answer:
 1) Which one of the following is a correct expression for molarity? 
 A) mol solute/L solvent 
 B) mol solute/mL solvent 
 C) mmol solute/mL solution 
 D) mol solute/kg solvent 
 E) μmol solute/L solution 
 2) What is the concentration (M) of KCl in a solution made by mixing 25.0 mL of 0.100 M KCl with 50.0 mL of 0.100 M KCl? 
 A) 0.100 
 B) 0.0500 
 C) 0.0333 
 D) 0.0250 
 E) 125 
 3) How many grams of 
CH3OH must be added to water to prepare 150 mL of a solution that is 2.0 M 
CH3OH? 
 A) 9.6 × 
103
 B) 4.3 × 
102
 C) 2.4 
 D) 9.6 
 E) 4.3 
 4) The concentration of species in 500 mL of a 2.104 M solution of sodium sulfate is __________ M sodium ion and __________ M sulfate ion. 
 A) 2.104, 1.052 
 B) 2.104, 2.104 
 C) 2.104, 4.208 
 D) 1.052, 1.052 
 E) 4.208, 2.104 
 5) Oxalic acid is a diprotic acid. Calculate the percent of oxalic acid 
H2C2O4 in a solid given that a 0.7984 g sample of that solid required 37.98 mL of 0.2283 M NaOH for neutralization. 
 A) 48.89 
 B) 97.78 
 C) 28.59 
 D) 1.086 
 E) 22.83 
 6) A 31.5 mL aliquot of 
H2SO4(aq) of unknown concentration was titrated with 0.0134 M NaOH (aq). It took 23.9 mL of the base to reach the endpoint of the titration. The concentration (M) of the acid was __________. 
 A) 0.0102 
 B) 0.0051 
 C) 0.0204 
 D) 0.102 
 E) 0.227 
 7) What are the respective concentrations (M) of 
Fe3+ and 
I− afforded by dissolving 0.200 mol 
FeI3 in water and diluting to 725 mL? 
 A) 0.276 and 0.828 
 B) 0.828 and 0.276 
 C) 0.276 and 0.276 
 D) 0.145 and 0.435 
 E) 0.145 and 0.0483 
 8) A 36.3 mL aliquot of 0.0529 M 
H2SO4(aq) is to be titrated with 0.0411 M NaOH (aq). What volume (mL) of base will it take to reach the equivalence point? 
 A) 93.6 
 B) 46.8 
 C) 187 
 D) 1.92 
 E) 3.84 
 9) A 13.8 mL aliquot of 0.176 M 
H3PO4(aq) is to be titrated with 0.110 M NaOH (aq). What volume (mL) of base will it take to reach the equivalence point? 
 A) 7.29 
 B) 22.1 
 C) 199 
 D) 66.2 
 E) 20.9 
 10) A solution is prepared by adding 1.60 g of solid NaCl to 50.0 mL of 0.100 M 
CaCl2. What is the molarity of chloride ion in the final solution? Assume that the volume of the final solution is 50.0 mL. 
 A) 0.747 
 B) 0.647 
 C) 0.132 
 D) 0.232 
 E) 0.547 

Report 2: Stoichiometry 



 (Total 80 points)
 Note: In preparing this report you are free to use references and consult with others. However, you may not copy from other students’ work (including your laboratory partner) or misrepresent your own data (see honor code).  This is only an advisory template of what needs to be include in your complete lab write-up.
 Name(Print then sign): ___________________________________________________
 Lab Day: ___________________Section: ________TA__________________________
Part 1



 

        

Data Table 



Table 2.1. 	Mass	Grams
	empty 150-mL beaker	 
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Table 2.2. 	Mass	Grams
	NaCl plus beaker first weighing	 
	NaCl plus beaker second weighing	 
	NaCl plus beaker third weighing	 


 1) The grams of 
NaHCO3 you had in your beaker was ________ 
 2) Calculate how many moles of 
NaHCO3 the mass is ________
 3) Write the molar ratio for the 
NaHCO3 / NaCl ratio _______
 4) Write the number of moles of NaCl you predict were produced in your experiment. 
 5) Calculate the mass of NaCl you predict will be produced. 
 6) Determine, by subtraction, the actual mass of NaCl produced in your experiment. 
 a) first weighing 
 b) second weighing 
 c) third weighing 
 7) Calculate your percentage yield. 

Discussion Questions



 1. Compare the numerical value of the observed ratio for maximum yield to the best ratio 

Part 2



 Record your TAs value of the molarity of your solution.
 Calculate your percent error from your assigned value.
 Complete the equation for the titration of 
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Solutions


Chapter 6. The Best Table in the World



The Best Table in the World!



Objective



 The goals of this experiment are:
 	to observe the reactions of several metals with cold water, hot water, acids and then other metal ions.

	to prepare an activity series of the metals based on the observations from the above reactions.




Grading



 You will be assessed on:
 	observations of the reactions of several metals with cold water, hot water, acids and then other metal ions.

	preparation of an activity series of the metals based on the observations from the above reactions.

	answers to the post-lab questions.




Background Information



 First, you are going to travel back to 1869 and marvel at how the first periodic law and table were born when only 63 elements had been discovered at the time. A 35 year old professor of general chemistry, Dmitri Ivanovich Mendeleev at the University of St. Petersburg (now Lennigrad) in Russia was shuffling his cards with the properties of each element on each card trying to organize his thoughts for his soon-to-be famous textbook on chemistry. When he realized that if the elements were arranged in the order of their atomic weights, there was a trend in properties that repeated itself several times! His paper was delivered by his graduate student, Nikolai Aleksandrivich Menchutkin before the Russian Chemical Society while Medeleev was busy visiting cheesemaking cooperatives at the time!
 In order to see and find order among the elements, we must have some general acquaintance with them. Elements are made of matter, and matter is defined as anything that has mass and occupies space. This includes everything that you can see and a lot that you cannot. It follows that in order to distinguish between different types of matter (in other words different elements) we have to assess their properties.
 There are two types of properties: intensive and extensive. In the former case, intensive properties do not depend on the how much of an element is present but do include state (whether a substance is a solid, liquid or gas), color and chemical reactivity. Extensive properties depend on the quantity of matter present - mass and volume are extensive properties.
 Properties can be further categorized as either chemical or physical. A chemical change describes how the substance may change composition, such as spontaneously by combustion or in combination with other substances. On the other hand, physical changes are those properties that can be measured without changing the composition of the matter. Condensation of steam to water is a physical change.

Introduction



 What is there to know about the periodic table? Why is it important? Why does it appear in nearly every science lecture room and labs? Is it just a portrait of an aspect of chemistry or does it serve a useful purpose? Why is the name periodic appropriate? Why is the table arranged in such a way? What are the important features of the table? Does it give order to the approximately 120 known elements?


Relative Reactivity of Metals and the Activity Series



  A superficial glance at the Periodic Table will reveal that all known elements are listed by their chemical symbols. An in depth glance at the Periodic Table yields information on the mass of an atom of the element in atomic mass units (amu) for the molar mass of a mole (
6.02×1023) of atoms in grams below the chemical symbol for each element. Above the chemical symbol for each element, there is a second number listed, the atomic number, which gives the number of protons (positively charged particles in the nucleus), or the number of electrons (negatively charged outside the nucleus) for a neutral atom.
 Mendeleev arranged the elements in the Periodic Table in order of increasing atomic number in horizontal rows of such length that elements with similar properties recur periodically; that is to say, they fall directly beneath each other in the Table. The elements in a given vertical column are referred to as a family or group. The physical and chemical properties of the elements in a given family change gradually as one goes from one element in the column to the next. By observing the trends in properties, the elements can be arranged in the order in which they appear in the Periodic Table.

Procedure



I. Activity Series



Part 1. Reactions of Metals with Water



 CAUTION! Sodium reacts very rapidly with water to evolve hydrogen and heat. This is potentially dangerous because of the possibility of the violent explosive reaction of 
H2 (g) with 
O2 (g) present in the air.
 CAUTION! Sodium causes severe chemical burns when it comes into contact with the skin. Note: Metallic sodium must be stored below the surface of an inert liquid such as kerosene to prevent oxidation by air.
 	I will demonstrate the reaction of sodium and then potassium with water. Observe the rate of evolution of 
H2 gas as I use tweezers to place a tiny pea-size piece of sodium then potassium into a 500-mL beaker full of deionised water. Record your observation on the Report Form and write a balanced equation for this reaction.

	 Place 5 mL 
H2O in each of four clean tubes and label them as follows: 



Table 6.1. 	A.	Mg
	B.	Cu
	C.	Zn
	D.	Ca


 	Use sandpaper or steel wool to remove the oxide from the surfaces of Mg, Cu, and Zn.

	Place several small pieces of Mg, Cu, and Zn in the correctly labeled test tube prepared above. Place two or three (not more!) pieces of Ca turnings in the test tube labeled "Ca".

	Watch for evidence of reaction by noting evolution of gas bubbles and any change in the color or size of the metal. Record your observations and write net ionic equations for each reaction.



  Note: Trapped air bubbles on the metal surfaces are not indicative of a reaction.
 CAUTION: 
H2 is FLAMMABLE!
 CAUTION: Residual calcium should be discarded in a special container designated by your instructor.
 Note: Net ionic equations must balance in mass (atoms) and in total charge on each side of the equation.

Part 2. Reactions of Metals with HCl



 CAUTION: The reaction of Ca with HCl is not studied. Residual calcium should be discarded in a special container designated by your instructor.
 	Decant the water from each test tube used in the procedure above and leave the pieces of metal that remain unreacted in each test tube.

	Place the test tubes in a test tube rack/holder.

	Add 2 mL of 3 M HCl solution to each test tube. 



 CAUTION: Some of the test tubes may become very hot. Leave them in the rack/holder while you are making observations.
 	Observe relative rate of 
H2 gas evolution for up to 10 minutes and record your observations on your report form.

	Based on the observations in the previous steps, list the elements that react in 3M HCl in order of increasing strength as reducing agents and write net ionic equations for all reactions.




Part 3. Reactions of Metals with Other Metal Ions  



 	Place a clean 1 inch-square of metal foil (sheet) of each of these metals Cu, Zn and Pb on a flat surface.

	Clean the metal surfaces by sanding them with fine sandpaper or steel wool.

	Place one or two drops in spots of each of these solutions in a clockwise order on the metal surfaces: 



Table 6.2. 	A.	0.5 M 
Ag+
	B.	0.5 M 
Cu2+
	C.	0.5 M 
Zn2+
	D.	0.5 M 
Pb2+


 	 NOTE: Do not test a cation of a metal on a square of the same metal such as 
Cu2+ ion and Cu metal.

	Watch for color changes in each spot as evidence of reaction. If you are not sure whether the reaction has occurred, rinse the plate with water. A distinct spot of a different color on the surface is good evidence for the reaction.

	Write net ionic equations for each reaction . Arrange Ag, Cu, Pb and Zn in order of their increasing strength as reducing agents. If a metal A reacts with a cation of another metal B, metal A is a stronger reducing agent, more reactive than metal B.

	Rinse and dry each square of metal and return it to the correct beaker on the reagent shelf for other students to use.




Part 4. Flame Tests



 

          

One station set up that all sections will rotate through



 Clean a spatula wire by dipping it into dilute hydrochloric acid (3M) and then holding it in a hot Bunsen flame. Repeat this until the spatula doesn't produce any color in the flame.
 When the spatula is clean, moisten it again with some of the acid and then dip it into a small amount of the solid you are testing so that some sticks to the spatula. Place the spatula back in the flame again.
 If the flame color is weak, it is often worthwhile to dip the spatula back in the acid again and put it back into the flame as if you were cleaning it. You often get a very short but intense flash of color by doing that.
 Chemicals/Materials:
 	Chloride salts of Li, Na, K, Rb, Cs, Ca, Ba, Cu, Pb, Fe (II) and Fe(III) Sr (nitrate salt).

	Glass rods with loops of Pt wire.

	Bunsen burner/clicker.

	Concentrated nitric acid or hydrochloric acid.



 Record your observations on your report form.
 It should be noted that sodium is present as an impurity in many if not most metal salts. Because sodium imparts an especially intense color to a flame, flashes of the sodium may be observed in nearly all solutions tested.



Pre-Lab 5: The Best Table in the World!



 Hopefully here for the Pre-Lab
 Name(Print then sign): __________________________________________________
 Lab Day: ___________________Section: ________TA________________________
 This assignment must be completed individually and turned in to your TA at the beginning of lab. You will not be allowed to begin the lab until you have completed this assignment.
 	The mass of an atom of the element in atomic mass units (amu) for the molar mass of a mole (
6.02×1023) of atoms in grams above or below the chemical symbol for each element? Circle the correct one.

	The second symbol listed for each element is the _______ __________, symbol ________? Fill in the blanks.

	The number in question 2 gives the number of 
 	____________ or 

	the number of ________________ for a neutral atom. Fill in the blanks




	The elements in a given vertical column are referred to as a _________ or __________. Fill in the blanks.

	The horizontal rows are called __________? Fill in the blank

	The block of elements between groups II and III are called ___________ _________? Fill in the blanks.

	Elements 58 to 71 are known as ____________ or __________________? Fill in the blanks.

	Elements 90 to 103 are known as _________ ____________? Fill in the blanks.

	Do elements with larger atomic numbers than 92 occur naturally? True or false? Circle the correct one.




Report 5: The Best Table in the World!



 Hopefully here for the Report Form
 Note: In preparing this report you are free to use references and consult with others. However, you may not copy from other students’ work (including your laboratory partner) or misrepresent your own data (see honor code).
 Name(Print then sign): __________________________________________________
 Lab Day: ___________________Section: ________TA________________________
I. Activity Series



Part 1. Reactions of Metals with Water



Table 6.3. 	Metal	Observations	Net Ionic Equations (If NoReaction Occurs, write N.R)
	Na	 	 
	K	 	 
	Mg	 	 
	Cu	 	 
	Zn	 	 
	Ca	 	 



Part 2. Reactions with HCl



Table 6.4. 	Metal	Observations	Net Ionic Equations (If No Reaction Occurs, Write N.R.)
	Mg	 	 
	Cu	 	 
	Zn	 	 


 2. Based on your experimental results place Mg, Cu, Zn and Ca in order of increasing strength as reducing agents.

Part 3. Reactions with Other Metal Ions



 1. Write in the appropriate box either “REACTION” or “NO REACTION”.
Table 6.5. 	 	Zn	Cu	Pb
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 2. Write balanced equations to represent the results tabulated above.
 3. Based on your experimental results, arrange Ag, Cu, Zn and Pb in order of increasing strength as reducing agents.
 4. Arrange 
Ag+, 
Cu2+, 
Zn2+ and 
Pb2+ in order of increasing strength as oxidizing agents.
 5. Combine the results from Part 2 and Part 3. Arrange Mg, Cu, Zn, Ca, Ag and Pb in order or increasing strength as reducing agents.
 6. Place Ni in this row, if it is found that Ni will deposit on Zn foil, but not on Pb foil when a drop of 
NiSO4 is placed on both.

Part 4. Flame Tests



Table 6.6. 	Element	Color in flame
	Li	 
	Na	 
	K	 
	Rb	 
	Cs	 
	Ca	 
	Sr	 
	Ba	 
	Cu	 
	Pb	 


 What are the limitations of this test?




Solutions



    
      [image: Honors Chemistry Lab Fall]
    

  Chapter 3. VSEPR: Molecular Shapes and Isomerism



 Molecular Shapes & Isomerism
 Objectives
 	Understand the 3-dimensional nature of molecules

	Learn about Molecular Symmetry

	Be able to identify the various isomers possible for one molecular formula

	Be able to identify enantiomers



Grading



 	Quiz (10%). 

	Lab Report Form (90%).



 Before Coming to Lab . . .
 Look over the following to make sure you have a basic understanding of the topics presented.
 	Drawing Lewis Structures 

	Determining the Shapes of Molecules from their Lewis Structures

	Some Basic Aspects of Bonding

	Model Kits



 Introduction
 The shape of a molecule is extremely important in determining its physical properties and reactivity. A multitude of shapes are possible, and in today’s lab, you will be looking at several.
 In Part 1, you will be exploring the various symmetry elements that can be present in molecules. The symmetry elements you will be looking for are mirror planes, rotation axes, and inversion centers. Being able to determine which symmetry elements are present in a molecule help in understanding its chemistry. If there is a plane present in the molecule that has the exact same arrangement of atoms on either side of the plane, then the molecule has a mirror plane (σ). It is important to note that a molecule can have more than one mirror plane. Rotation axes are represented as Cn (n = 1, 2, 3 . . .). The subscript indicates how many degrees of rotation (360o/n) are needed in order to return to the same orientation of atoms with which you started. So if there is a C2 axis, the rotation would be 180o. An example of a molecule having a C2 axis is H2O.
 
        
 [image: Figure (Image3.png)]
Figure 3.1. 


      
 The third symmetry element is an inversion center (i). In such molecules, starting at any position and drawing a line through the center and an equal distance to the opposite side of the molecule, you will end up at a position with an identical environment to the one you started from.
 [image: Figure (graphics1.jpg)]

Figure 3.2. 

 Part 2 of the lab introduces the concept of enantiomers. Enantiomers are molecules sharing the same molecular configuration, but they are non-superimposable images of each other. This concept should become clearer as you build the models for this part of the lab. Enantiomers share many of the same physical properties. The property which distinguishes them is the direction in which they rotate plane-polarized light. They will rotate the light in equal amounts but in different directions (plane-polarized light is just light in which all wave vibrations have been filtered out except for those in one plane). If both enantiomers are present in a 1:1 ratio, the effects of the rotation of light cancel and no net rotation is observed. Such a mixture of isomers is known as a racemic mixture or as a racemate. Because these isomers rotate plane-polarized light, they are also known as optical isomers. Compounds that form optical isomers are said to be chiral.
 The chemistry of enantiomers is of great importance in the field of medicine. It has been discovered that with many drugs, one enantiomer will be biologically active while the other will be inactive or even produce undesired side effects. For this reason, it has become advantageous for pharmaceutical companies to try to synthesize the active enantiomer exclusively.
 The next part of the lab deals with isomers. Isomers are molecules having the same molecular formula, but the atoms are arranged in a different manner, while still obeying the rules of bonding. There are different classifications for isomers. For example, structural isomers differ from one another in the order in which the atoms are bound to each other (connectivity is different). On the other hand, geometrical isomers have the same order of atoms, but the spatial arrangement of atoms is different (connectivity is the same). A common example of geometrical isomers is the cis and trans forms of double bonds:
 [image: Figure (diclethene.png)]

Figure 3.3. 

 ** NOTE: Remember that molecules having single carbon-carbon bonds cannot have cis/trans isomers because there is free rotation about single bonds.
 By building the models of various molecules during this lab, you will be able to better understand molecular symmetry and isomers. Building models is not difficult; however, the chemical principles involved are very important and you may find some surprises in how atoms can be fit together.
 Finally, in Part 4, you will be applying your knowledge of VSEPR (Valence Shell Electron Pair Repulsion) Theory in order to determine the geometry of several different molecules. VSEPR theory is useful in helping to determine how atoms will orient themselves in molecules. Basically, the idea is that the arrangement adopted by a molecule will be the one in which the repulsions among the various electron domains are minimized. The two kinds of electron domains are bonding (electron pair shared by two atoms) and non-bonding (electron density centralized on one atom) pairs of electrons.
  
 Experimental Procedure
 For Parts 1 & 2: You and your lab partner are to work with one other lab group in preparing these models (no more than 3 - 4 students). Your TA will assign each group a certain set of molecules to make and answer questions pertaining to those molecules. Each group will then present their answers to the class. These models will need to be completed and answers determined within 30 minutes so that we can continue to Parts 3 & 4 as soon as possible.
 For Parts 1-4, the work should be divided among the group members. Be sure to discuss the questions and answers among yourselves, but put your own conclusions on the Report Form.
  
 1. Symmetry Elements
 Using the Molecular Framework models, make models of the following compounds: 
 	CH4

	CH3Cl

	CH2Cl2

	CHCl3

	CH2ClF

	CHBrClF

	BF3

	BF2Cl

	PH3

	PH2Cl



 Choose a color to represent each atom. For example, make all C atoms black, all H atoms white, etc.
 Once the models are created, look for symmetry elements that may be present. Ask yourselves the following questions:
 	Does the molecule contain a mirror plane (σ)? In other words, is there a plane within the molecule which results in one half being a mirror image of the other half?

	Does the molecule contain a two-fold rotation axis (C2)? Remember from the Introduction that the subscript indicates the degrees of rotation necessary to reach a configuration that is indistinguishable from the original one. In this case, the rotation will be 180o.

	Does the molecule contain any higher-order rotation axes?



 	
          
 	C3 – rotation by 120o

	C4 – rotation by 90o

	C∞ (infinity rotation axis) – rotation of any amount will result in an indistinguishable orientation




        

	Does the molecule have an inversion center (i)?



 Determine which of these symmetry elements are present in your assigned molecules. All of the columns of the table on the report form should be filled out. If you have any difficulty determining whether such symmetry elements are present in the molecules you are assigned, your TA can provide examples of each symmetry element.
 Extra credit points can be earned by indicating in the table how many of each symmetry element are present for each molecule (i.e. How many mirror planes are present?).
  2.Mirror Images
 Using the model kits, build models which are the mirror images of the models you were assigned to build (b, c, d, e, f, g, h, i and j) in Part 1. With the two mirror images in hand, try to place the models on top of one another, atom for atom. 
 If you can do this, the model and its mirror image are superimposable mirror images of one another. If not, the molecule and its mirror image form nonsuperimposable mirror images. Nonsuperimposable mirror images are also known as enantiomers. 
 For each compound, decide whether the mirror image is superimposable or nonsuperimposable. Can you make a generalization about when to expect molecules to have nonsuperimposable mirror images?
  3.Isomers
 In this exercise you will build models of compounds which are structural and/or geometrical isomers of one another. 
 Make the following models:
 A. Structural Isomers
 	Make a model(s) of C2H5Cl. How many different structural isomers are possible?

	Make a model(s) of C3H7Cl. How many different structural isomers are possible?

	Make a model(s) of C3H6Cl2. How many different structural isomers are possible?



  B. Geometrical Isomers 
 	Make a model(s) of C2H3Cl. How many different structural and geometrical isomers are possible?

	Make a model(s) of C2H2Cl2. How many different structural and geometrical isomers are possible?

	Make a model(s) of cyclobutane (C4H8). HINT: cyclo = ring of C atoms

	Now make dichlorocyclobutane (C4H6Cl2) by replacing two H atoms on cyclopropane with Cl atoms. How many different structural and geometrical isomers are possible for dichlorocyclobutane? You may wish to make a couple of cyclobutane molecules so that you can compare the structures. Do any of the isomers have nonsuperimposable mirror images?



 C. Aromatic Ring Compounds 
 	Make a model of benzene, C6H6. Even though your model will contain alternating double and single bonds, remember that in the real molecules of benzene all the C-C bonds are equivalent. What symmetry elements does benzene possess?

	Make a model(s) of chlorobenzene, C6H5Cl. How many different structural and geometrical isomers are possible?

	Make a model(s) of dichlorobenzene, C6H4Cl2. How many different structural and geometrical isomers are possible?

	Make a model(s) of trichlorobenzene, C6H3Cl3. How many different structural and geometrical isomers are possible?



 4. Hypervalent Structures
 Hypervalent compounds are those that have more than an octet of electrons around them. Such compounds are formed commonly with the heavier main group elements such as Si, Ge, Sn, Pb, P, As, Sb, Bi, S, Se, Te, etc. but rarely with C, N or O. Refer to the rules for Electron Domain theory in order to assign Lewis structures to the following molecules. Describe possible isomeric forms and the bond angles between the atoms. How many lone pairs of electrons are present on the central atom of each molecule, if any? (** Your book will be very useful in aiding you with these structures **)
 	PF5

	PF3Cl2

	SF4

	XeF2

	BrF3





Solutions


