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Figure 10.8
Two crystalline solids: pyrite (left), amethyst (right).
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A FIGURE 12-28 Critical point and critical isotherm
Phase diagram for carbon dioxide Applying pressure to a gas at temperatures
Several aspects of this diagram are below the critical isotherm, T, causes a
described in the text An additional liquid to form with the appearance of a
feature not shown here is the curvature meniscus, a discontinuous phase change.
of the fusion curve OD to the right at Applying pressure above the critical
very high pressures, ultimately reaching isotherm simply increases the density of the
temperatures above the critical supercritical fluid. In a path traced by the
temperature. small arrows, gas changes to liquid without

exhibiting a discontinuous phase transition.




A FIGURE 12-37
The cubic lattice




SIMPLE CUBIC (SC)

L iy yo B MEI
wd) Hid  wase
RIV]

ke JU $9) b @il U
NIV gmmﬁe@ﬁ

VA wel WD

»M)

8x1/8=1U




-/

-

'

2 BODY CENTERED CUBIC (BCC)
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A FIGURE 12-44
Determination of crystal structure by X-ray diffraction

The two triangles outlined by dashed lines are identical. The hypotenuse of each
triangle is equal to the interatomic distance, d. The side opposite the angle 8 thus
has alength of d sin 6. Wave b travels farther than wave a by the distance 2d sin 6.
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Crystalline silver contains cubic closest Ap
packed silver atoms. d
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EXAMPLE 12-9

Using X-Ray Data to Determine an Atomic Radius

At room remperature, iron crystallizes in a bee structure. By X-ray diffraction, the edge of the cubic cell corre-
sponding to Figure 12-45 is found to be 287 pm. What is the radius of an iron atom?

Analyze

Nine atoms are associated with a bee unit cell.
One atom is located at each of the eight corners of
the cube and one at the center. The three atoms
along a diagonal through the cube are in contact.
The length of the cube diagonal (the distance
from the farthest upper-right corner to the nearest
lower-left corner) is four times the atomic radius.
Also shown in Figure 12-45 is the fact the diago-
nal of a cube is equal to V3 X I. The length of an
edge, I, is what is given.

Solve

Setting the length of the cube diagonal, in
terms of atomic radii, equal to the expres-
sion relating the diagonal to the cube, we
have

4r = 1V3

[~
)
(=1

/= 287 pm [= 287 pm

A FIGURE 12-45
Determination of the atomic radius of iron—
Example 12-9 illustrated

The right triangle must conform to the Pythagorean

formula a2 + b? = 2 Thatis, with | as an edge of the
cube, ()2 + (IV2)% = (IV3)?, or ()2 + 2(1)% = 3(1)2
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Coordination  Atomsper  Volume

Unit Cell Number Unit Cell Occupied, %  Examples
Simple cubic 6 1 52 Po
Body-centered 8 2 6B Fe, Na,
cubic (bee) KW
Hexagonal closest 12 2 74 Cd, Mg,

packed (hep) Ti, Zn
Face-centered 12 4 74 Ag, Cu,
cubic (fec) Pb

Note: Face-centered cubic (fcc) is equivalent to cubic closest packed (ccp).
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WHAT IS OLYMPIAD?
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‘,/ CHEMISTRY
m A MIXTURE OF OTHER SCIENCES
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.~ PHYSICAL CHEMISTRY

e CHEMICAL THERMODYNAMICS
* ENERGY! ENERGY! ENERGY! (HEAT, WORK, ENTHALPY, ENTROPY, FREE ENERGY)

* CHEMICAL KINETICS
* RATE OF CHEMICAL REACTIONS

* QUANTUM CHEMISTRY
* STRUCTURE OF ATOM WITH MATHEMATICAL CALCULATIONS! ATOMIC MODELS!
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- ANALYTICAL CHEMISTRY

* MATHEMATICAL ANALYSIS OF SAMPLES AND SOLUTIONS

e CHEMICAL EQUILIBRIUM, ACIDS AND BASES, SEDIMENTATIONS, COMPLEX IONS,
TITRATIONS, SPECTROPHOTOMETRY, ELECTROCHEMISTRY

What is Analytical
Chemistry ™
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Q 7-26. (a) Pertinent rcactions:

A0 R navon Ky - DAMBAOTNOE _ 5000 O
& [ATYA-
Q H0 = H* +OH- Ky = [HJyygt OH g = 10% 1014 (B)
Charge balance: [H']+[Na'] = [OH7]+[A] (©)
Mass balance: [Na'] = 0.01M = F (D)
Mass balance: [HA]+[A] = 00IM =F (E)

(b) Now we neglect activity coefficients. We will make the following
substitutions in the charge balance:

[OH] = K./[H] i

From Equation A: [HA] = %ﬁ-]l (F)
From Equation E: [HA] = F—[A7] (G)
Now equate the expressions for [HA] from Equations F and G 1o solve for [A’]
Kn[A] 3

fon =~ F-[Al

Wi +1) - F = 1= g yom

Now substitute K,/[H'] for each [OH ] in the equation above to get

L FKy/[H'] FK,
A= K+ kT~ B +K (H)
We can now substitute for all terms in the charge balance using [A'] from
Equation H, [OH] = K,/[H], and [Na'] = F:
Charge balance: [H*]+[Na'] = [OH]+[A]

K EK
4 = i
[H']+F = i+ &,

+Ke M
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* CHEMISTRY OF CARBON COMPOUNDS AND REACTIONS

ORGANIC CHEMISTRY
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- INORGANIC CHEMISTRY

3C¢HsPCl, +4SbF; — 3C4HsPF, + 2SbCly + 2Sb (15.87)

e CHEMISTRY OF ALL ELEMENTS EXCEPT CARBON - . 12 [ F 1-
Face si lb lhm“F
ace site FrvniShing F ~
orner site F
Edge site C/ t F/ \F 1!"
= ; (15.38) (15.39)
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o CLP=N-N=PCl, K'[PF,J

N,H,
POCI, < PO, H,0 o H;PO, or POCI,
(depending on

R 0h

AsF,

[PCL,]'[BCL,]"

\
[PC1,]"[PF "
Fig. 15.12 Selected reactions of PCl;.




SOLVED PROBLEM!

Assuming that the mass defect originates solely from
the interaction of protons and neutrons in the nucleus, esti-
mate the nuclear binding energy of iLi given the following
data:

Observed atomic mass of ;Li = 7.01600u
lu=1.66054 x 10~ kg

Electron rest mass = 9.10939 x 10~ kg
Proton rest mass = 1.67262 x 107" kg
Neutron rest mass = 1.67493 x 107" kg
¢ =2.998 x 10°ms™!

V\J ()






The actual mass of a Li atom

= 7.01600 x 1.66054 x 107’ CJ
L =1.16503 x 10 kg

The sum of the masses of the protons, neutrons and electrons
in a JLi atom

=(3x9.10939 x 107") + (3 x 1.67262 x 1077)
+ (4 x 1.67493 x 10777)

=1.17203 x 10 kg
- The difference in mass = Am

= (1.17203 x 107%%) — (1.16503 x 107*°)
=0.00700 x 107 kg
~ Nuclear binding energy = AE = Am¢’

= (0.00700 x 107%) x (2.998 x 10*)* kgm" s
=6.29160 x 10~'*J per atom
~6.29 x 10712] per atom (J= kgng'zj







