LAB Il
CRYSTAL STRUCTURE

Study Questions:

1. What properties of a strongly bonde covalent solid like diamond can be attributed to
its bond type? mecinani K Cl Heal, ‘livn”w\

—tokeD rHow-am-these-propeﬁles-aTesmef-chemcai-bonﬂmgﬂ—‘

2. Explain why covalent bonds are n%ectional ut ionjc bonds are L\""*ﬁg "{) us. trmns Gec ol e

24 Show the electron notation of Cu,Cu*', an %fgﬂ Ye' 34 &[ s 34

Y 5. Explain why a simple ionic crystal like CsCl cannot crystallize into a BCC structure wﬁf&ﬁf* adoras/1ong

58. Graphite is very anisotropic; that is, its properties are dependent on crystallographic = covelenk
direction. Given a cross-section of graphlte try to explain why the electrical conductl\nty Sheets,
of graphite is 100 times greater in the horizontal dlrectron than in the vertical. ehueen sheeks
7. Consider an FCC unit cell with the lattice parameter ‘a’. Calculate the diameter of the

o, a*ns making up this unit cell.
e or a cubic crystal system, how many (110) directions are contained in the (111)

-
?“3 g&ne?
“For a cubic crystal system, label the following: [100], (112). [123], and (123).

Lab:
l. Crystal Structure

A lattice is a regular array of points repeated through space. The Bravais Jattices are
the14 different lattices possible in 3-dimensional space. A crystal structure is a three
dimensional arrangement of atoms or groups of atoms in space that can follow any of
the 14 Bravais lattices. A primary unit cell is the smallest repeating unit of a crystal
structure. Unit cells are parallelograms in two dimensions and parallelepipeds in three
dimensions.

The size and shape of a unit cell is described, in three dimensions, by the lengths of the
three edges (a, b, and c) and the angles between the edges (., B, and ). These
quantities are referred to as the /attice parameters of the unit cell. For a cubic unit cell,
a=b=c and o=p=y=90°. Note that although different materials may have the same unit
cell and crystal structure, they will not have the same lattice parameters.
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PART 2: CRYSTAL STRUCTURE
Study Questions:

1. What properties of a strongly bonded covalent solid like diamond can be attributed to its bond
type?

Mechanical, Thermal, Electrical, Optical ect
2. Explain why covalent bonds are directional but ionic bonds are not.

lonic — coulombic force between point charges. Sphereical electon distrobution around nucleus
Covalent- Shared electrons between two specific atoms along a specific direction

3. Show the electron notation of Cu, Cu*', and Cu*?,
Cu 1s*2s*2p°3s?3p°3d'"4s’
Cu' 1s*2s?2p°3s?3p°3d'”
Cu % 1s%28%2p®3s?3p°3d®
4. Explain why a simple ionic crystal like CsCl cannot crystallize into a BCC structure.
Two different types of atoms. (Could crystallize into Rock salt structure)
5. Graphite is very anisotropic; that is, its properties are dependent on crystallographic direction.
Given a cross-section of graphite, try to explain why the electrical conductivity of graphite is 100
times greater in the horizontal direction than in the vertical.

Covalent Bonding within Sheets, Van der Waals forces between sheets

6. Consider an FCC unit cell with the lattice parameter ‘a’. Calculate the diameter of the atoms
making up this unit cell.

d= av2/2
7. For a cubic crystal system, how many <110> directions are contained in the (111) plane?

6 directions in the <110> family of directions are in the (111) plane. 110, 101, 011, 110, 101, 011

8. For a cubic crystal system, label the following: [100], (112), [123], and (123).
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1.1 What would explain the difference in lattice parameters between materials with the
same crystal structure (e.g., BCC)?

U\re ok atoms

The selection of a unit cell is not unique; the cormers of a unit cell may actually be any
where within the space of the lattice, provided that repeated translations of this chosen
cell will fill all of the space of the lattice. Conventional practice is to choose the
smallest, simplest, most expressive and symmetric unit cell for the lattice.

1.2 Here is a two-dimensional grid of dots. Draw 3 unique unit cells on this grid, with cell
corners on dots, labeling the unit cells as A, B, and C, respectively. Next, determine
each cell's lattice parameters a, b, and o (here, the smallest angle between any a and
b). Finally, give the number of dots in each cell (assuming that any lines intersect the

exact middle of dots, so a dot on a line will not be a whole dot!). ¥ all Ghese ac "
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The horizontal distance between adjacent dots is 'x' and the vertical distance betweén = =+
adjacent dots is 'y’. Express ‘a', ‘b', and ‘o’ (if necessary) in terms of these.

unit cell a b o # dots in unit cell
A X% y A0 \

B *-:"'\j‘ x'a_h{t 2:fan’ $ 2

@ oyt \i ‘L"ﬂ.ﬂ—‘ 3(;‘ \

1.3 Other than not having its corners on dots, would the followm cell be a valid unit cell?

If not, why not? cant do . slettons must be teaer va
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Il. Two - Dimensional Packing

Use pennies to represent a two dimensional array of atoms, There are two basic
configurations: square packing and close packing.

First, arrange the pennies into square packing and answer the following questions:

1.1 What is the coordination number (number of nearest neighbors or pennies touching)
of one penny in this arrangement?

1.2 Draw the simplest unit cell (must be more than one penny!) for this packing
configuration and indicate all close paiked directions.

L]
1.3 What is its value for «? CI O

1.4 Give an expression for the unit cell lattice parameter 'a’ in terms of penny radius 'r'.

a= 2(‘

]
IL.5 Find the packing fraction (i.e., packing efficiency) for your unit cell: __| 8.S lo
(defined as area of the atoms divided by the area of the unit cell)

e Aq-bms B "ET(-'l ) ']8 Sn/ )
Iy A iteai - sz'\)(zr‘) o %“‘
A
S ¢ \
U'Wf M
o/
Page 3 of 8 — version4/14/06 ‘T\(.,




Now arrange the pennies into close packing and answer the following questions:

1.6 What is the coordination number (number of nearest neighbors or pennies touching)
of one penny in this arrangement?

1.2 Draw the simplest unit cell (must be more than one penny!) for this packing
configuration and indicate all close packed directions.

close P-:.(u 4

cloge (Di.d.t’-ld

11.8 What is its value for o.? é’_o__

1.9 Give an expression for the unit cell lattice parameter ‘a’ in terms of penny radius 'r'.

e
A
= =
a= 2 A c 3
x= 3¢
11,10 Find the packing fraction (i.e., packing efficiency) for your unit cell: 907 %
(defined as area of the atoms divided by the area of the unit cell)
Y =
i F, = -y ﬁoj 70 I
v 2+(Z &) g
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lll. Three - Dimensional Packing

The four most basic crystal structures are:
- Simple cubic (SC)
- Body centered cubic (BCC)
- Face centered cubic (FCC)
- Hexagonal close packed (HCP)

You should develop a complete understanding of the geometry and atomic arrangement
of each of these structures. Make a sketch of each of these structures below.

.1 Simple Cubic

IIl.4 Hexagonal Close Packed
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Now construct each of these four crystal structures using Styrofoam balls and
toothpicks. You should strive to completely understand the atomic packing and
geometry of each of these structures. Begin by creating the individual layers, and then
stack each layer together to compose the structure. To test your understanding you
should discuss the similarities and differences between the structures in your team. Be
sure that you can completely visualize each structure.

lII.5 For each structure determine the following: i}\
Structure | atoms/cell | coordination # | APF a=f(r) \ /f’a_’“\ﬁ
homtwe K sc | G 0.52 | 2v | 7wt )
homene © BCC Z ¥ O. ¥ ”%‘5 (! llp pd
yithom ¢ Jass Fce | 4 12 0.7 | VT |\
th\:ka HCP b A O | 2r N

- VR:"DM-S ll =
A P F" Jjﬁﬁ_g,- -
%n«'/f‘// a

Which two structures show the greatest similarities? Fcc and H C P k//
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Consider the BCC and FCC structures you have built:

I11.6 Which crystal has the largest interstitial site? SC ~ FCC
no ce e / R lay
111.7 Does the size of the interstitial sites in each crystal type correlate with APF? (i.e., S |

does a higher APF mean smaller interstitial sites?} es A i

tersttal sies?) 28 W APFt 52 aFt
1.8 There are 2 different types of interstitial sites for BCC crystals. How many of each
type are there? Indicate in a sketch where each is.

S2¢ %‘J/rﬂ””f st piff

Skekeh

.9 There are 2 different types of interstitial sites for FCC crystals. How many of each
type are there? Indicate in a sketch where each is,

P o dypms ! pF
D

et shebs

\» .10 If material properties (tensile strength, conductivity, etc) are a function of crystal
structure, will the measured properties of some materials vary with crystal orientation?
How can you explain this?

@%"j/ will ¥4

(2) Secihe  ctose packed plorts bor a g sHuchie |

Z, o/ Sasnt n
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FIGURE 3.6-1

The locations of the inter-

stitial sites in the common
crystal structures: (a) octa-
hedral sites in FCC, (h) te-
trahedral sites in FCC,

(e) octahedral sites in BCC,

{d) tetrahedral sites in BCC.

{e) octahedral sites in HCP,
and {f) tetrahedral sites in
HCP
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3.6.2 Interstices in the BCC Structure

Like the FCC structure. the BCC structure also contains both octahedral and tetrahedral
sites. As shown in Figure 3.6— ¢, the octahedral sites are located in the center of each face
and the center of each edge, giving a total of six sites per unit cell. The diameter of the
octahedral site cannot be determined by examination of the face diagonal. The BCC
Structure is not a close-packed structure, and the atoms that surround the interstitial site
are nol all equidistant neighbors. When the largest possible atom occupies the octahedral
position, the atoms touch only along (1 0 0) as measured from one central atom to
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IV. lonic Structure

Although we have been examining single element crystal structures, the same principles
apply to ionic structures composed of two or more elements. In this case we find the
bonding to be predominately ionic, rather than metallic or covalent, which has several
implications.

In your textbook, there is a discussion of coordination numbers and geometries that are
dependent on the cation-anion radius ratio in the ionic compound: r./r,. Stable ceramic
crystal structures form when anions that surround a cation are all in direct contact with
the cation, and the coordination of that cation is related to the cation-anion radius ratio.

IV.1 Given an ionic radius for Na* ion = 0.95A and for CT = 1.81A, what is the cation to
anion radius ratio for NaCl?
0. 95 0
— 4 —_—_— = t “
rl:‘(rﬂ l |B' O SZ

IV.2 Referring to the range of radius ratios to coordination numbers (in Callister), what is
the coordination number of the Na* ions in the NaCl structure?

C#= (o \®

IV.3 Make a three dimensional sketch of the NaCl structure below, indicating which are
the Na” and CI ions. The ions should be roughly in scale relative to one another: that is,
they should not be drawn having the same size.

1
>
IV.4 How many Na* ions are present within the cell? How many CI ions are

present? Is there charge neutrality within the cell? YE£S 7!

TN & 1)
IV.5 How mi xplain the brittle nature of ceramics? Consider that ceramic
materials are composed of two or more ionic species, while metals are not. They both
form similar crystal structures, why is one so much more brittle than the other?

T
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