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1. (7%) Please write the electron configuration of the following atom and ions.
(a) 3%) Cu
(b) (2%) Fe3t
(c) 2%) O*

2. (10%) The accompanying figure shows three different crystallographic planes for an unit cell of a hypothetical
metal. The circles represent atoms:

(001)

(a) (4%) To what crystal system does the unit cell belong?
(b) (6%) What are the lattice parameters a, b, ¢, a, B, and v of the unit cell?

3. (15%) (a) (5%) Please list five typical strengthening mechanisms of metallic materials.
(b) (10%) Please explain the strengthening principle of each mechanism.

4. (8%) Please explain the factors that affect the diffusion rate of alloying elements in a solid solution.
5. (10%) Calculate the percentage of ionic bonding character of the following compounds.

(@) (5%) ZnO
(b) (5%) WC

by using the Pauling’s equation
_ XX

% ionic character= |1 - e 4 X 100 %

The electronegativities of elements are as follows for reference.
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H Electronegativity values of the elements (Pauling scale)

He
21
Li | Be B C N 0 F | Ne
10| 15 20|25 |30 (35|40
Na | Mg Al Si| P S | Cl| Ar
09 | 1.2 15118 (21|25 |30

K|Ca| Sc| Ti | V| Cr |Mn| Fe| Co | Ni [Cu|Zn| Ga| Ge | As | Se | Br | Kr
08 |10 13|15 | 16 | 16 |15 | 18| 18 |18 |19 |16 |16 |18 |20 |24 |28 | 30

Rb| Sr | Y Zr | Nb | Mo |Tc |Ru| Rh |Pd| Ag|Cd| In |Sn | Sb | Te 1 | Xe
08 110112114 | 16 | 18 |19 [ 22| 22 [22 |19 (17|17 ]|18 (1921125 |26

Cs | Ba| La| H | Ta| W |[|Re [Os| Ir | Pt |Au|Hg| Ti |Pb| Bi | Po| At | Rn
07 |09 | 114113 | 15| 17 |19 | 22| 22 (22|24 |18 |18 |18 |19 (2022 |24
Fr | Ra | Ac
0.7 107 | 11

Ce | Pr  Nd [ Pm | Sm | Eu [Gd | Tb | Dy |[Ho | Er [Tm| Yb | Lu

A1 1111 11111 (1111111412
No
13

ThiPa| U | Np| Pu|Am [Cm| Bk | Cf | Es | Fm | Md Lr
13115 (17 |13 | 13| 13 |13 |13 | 13 |13 |13 | 13

6.(10%) 53X 2HEAZAEFEGEBETHERA LisinCls (LIC) 52 THRY - AUE I B
F o fAb42 (LiCl, Alfa Aesar, 99.9%) #£1648 (InCls, Alfa Aesar, 99.99% ) & B2 X 3
LiCl+InCl — LisInCls 4l #8 €% > A BN LB T AKY - BE > ABB TR T EREE > 7T
A2 A BEAK S LisinCle-2Ho0 - 2 7% @ AT N EZEE ¥ vk (100-200 °C > 4 /\6F) B+
E8K > REFHRAEY LisinCls BEREETHE - BFEH: 1.00 g/mol ~ O : 16.00 g/mol ~ Li :
6.94 g/mol ~ In : 114.82 g/mol ~ CI : 35.45 g/mol)

(@) (5%) = 8% 500mL ~ 2.0 M &) LisinCls #53& > E 243 % 0 8y LiCl 82 InCls ? 4 & £ 34
& °
(b) (5%) = # ()b A% » 4 % 5L LisinCle 2Ho0 & R uB? F4 KA B # -

7.(10%) LiC1 ~ MgCl ~Lil ~MgO ~NH3 N2~ Oz > $tF bt #AMm T H B S5/8 X ERALME #
EE SREVER AL o

8.(10%) B.4048 5 (C) ~ 27(Si) ~ 42(Ge) ¥ B IV %t % » 3 % ks (Diamond) 2 8 & 4% -
(@) (5%) Fhg = F 45 R (energy band gap) Ko > 34k & A NEEF] o 363098 & A b 3l BB T8 KU
EZEHEIEZRA -
(©) %)%k #E %5 (diamond) % 2 (graphite) ey R4 H M > AR LA RFEEN -
MELEETFAEE - -

9. (5%) 4£Pb + PbO2 + 2H2S04 — 2PbSO4 + 2H20 RE R, T » FHRANTEH T PR E L EH &£ 416
(oxidation) R f&? FABH G F 6948 7T F % 4 F R (reduction) R J&?

10. (15%) Please answers the following questions.
(a) (10%) A lithium (Li) atom has a radius of 1.52 x 10 cm and atomic mass of 6.941 g/mol. At standard
temperature and pressure, lithium has a body-centered cubic (BCC) crystal structure, meaning atoms arrange in

a cube with one atom at each corner and one in the center. What is the atomic packing factor of lithium at the
standard condition? A calculation process is needed.

(b) (5%) For the point Z (28 wt.%) marked in the iron-oxygen binary phase diagram shown below, determine
the phases that are present.
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