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CAA A LIS AT T (]

Bai tap nhiéu xa tia X dang | (&p dung cho hé tinh thé 1ap phuwong).
Cho mét anh thu dwoc tlr phwong phap nhiéu xa b6t tia X nhu sau:

[ | | [ I I |

Cudng do

goc 20

Xac dinh chi s6 Miller ctia cac ho mét cho céc vach nhiéu xa dé v ahang sé mang clia tinh
thé. Chat dang nghién clru thudc loai mang nao?
Can biét: 1)Chubi s=h?+k®+? twong (ng véi cac s6 h, k, | khac nhau 1a chudi s dic
trieng cho tirng loai mang tinh thé. Cu thé la:
e Mang lap phuong don: 1, 2, 3,4,5,6, 8,9, 10, 11, 12, 13, 14, 16,.....
e Lap phuwong tam khoi: 2, 4, 6, 8, 10, 12, 14, 16, ....
e Lapphuwong tdm mat: 3, 4, 8, 11, 12, 16,....
e Lap phuwong kim cuong: 3, 8, 11, 16, .....
2) Moi loai mang c6 cac mat mang cho nhiéu xa cuc dai khac nhau.
e Mang lap phuong don: cho phép tat ca phan xa tir cac mat (hkl).
e Mang lap phwong tdm khai: chi cho phép cac phan xa tir cdc mat c6 tdng chi so
Miller 1& s chan, tirc 1a h+k+=2n.
e Mang lap phwong tdm mat: chi cho phép cac phan xa tir cAc mat cé chi s6
Miller hodc déu chan hoic déu Ié.
e Mang lap phuong kim cuwong: Cho phép cac phan xa tlr cac mat c6 chi so
Miller ho&c la tat ca déu Ié hoic tit ca déu chan va téng cta chdng chia hét
cho 4.
Hay xét mot sO vi du cu thé:
Vi du 1: Bé thi thang 22-6-2005
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L&p bang nhuv sau:

=

Lh s e

6

sin?@ |sin?8/sin 2§ |s = U2 + 42+ ) MC’“;];‘;' d=A/2sinf | a, = dh2 + k2 + 2
wd—|d1a26-| [4donf | 3 111 | 2,040 3,533 ‘
sl 44910 {l,ﬁf,- 4 200 | 1,762 3,524 trung binh
dilatgde | faderl |8 220 | 1,246 3,524 1a 3,531
poldea | (3453 | 11 311 | 1,067 3,538
- 45636 | | 594 : 12 222 | 1,020 3,533
loacke | [s320f | 16 400 | 0,884 3,537

Chung ta danhan 3 cot sin®0 /sin®0, dé dugc chudi s6 s trang véi chudi s clia mang lap
phuong tam mat (nhan sao cho dwoc chudi gdm céac so tron).
Vidu 2: Cau 1, dé thi ngay 27-3-2007
Sau khi dung thu¢t do trén anh nhiéu xa, ta xac dinh dwoc cac goc 2 theta va 1ap bang

nhu sau:
20 | sin0 [sint@rsnig|s= ki +r) | SmC | d=A/2sind | a, = dyi? + K2 + 12
1 [3g55 | lugsk-| 4,000 3
> aps ﬂ,% Id | 4
3 |eshe | opesk | Aces 8
4 fac|glasy | el 11
5 uﬁﬁ 0 el j.f,.&a;i_ 12
6 :1_9,:40._ o hTaf - sus 16
7 4o __aj;;;?jfr;, &2 19
g (éo| 0F23a) 6i5g 20

Vi du nay twong ty vi du 1.

Vidu 3:
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3-107 Figure 3—56 shows the results of an x-ray diffraction experiment in the form of the
intensity of the diffracted peak versus the 26 diffraction angle. If x-rays with a
wavelength of 0.15418 nm are used, determine (a) the crystal structure of the metal,
(b) the indices of the planes that produce each of the peaks, and (¢) the lattice
parameter of the metal.

Solution: The 26 values can be estimated from Figure 3-56:
Planar
26 sin’d  sin?6/0.0077  indices d=A/2sind a, =d 2 v k2 + 12

1 17.5  0.023 3 (111) 0.5068 0.8778
2 20.5 0.032 4 (200) 0.4332 0.8664
3 285 0.061 8 (220) 0.3132 0.8859
4 335 0.083 11 (311) 0.2675 0.8872
5 355 0.093 12 (222) 0.2529 0.8761
6 41 0.123 16 (400) 0.2201 0.8804
7 45 0.146 19 (331) 0.2014 0.8779
8 465 0.156 20 (420) 0.1953 0.8734

The sin®8 values must be divided by 0.077 (one third the first sin’f value) in order to
produce a possible sequence of numbers)

(a) The 3,4.8,11, ... sequence means that the material 1s FCC

(c) The average a_=0.8781 nm
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3-108 Figure 3—57 shows the results of an x-ray diffraction experiment in the form of the
intensity of the diffracted peak versus the 26 diffraction angle. If x-rays with a
wavelength of 0.0717 nm are used, determine (a) the crystal structure of the metal,
(b) the indices of the planes that produce each of the peaks, and (¢) the lattice
parameter of the metal.

Solution: The 20 values can be estimated from the figure:
Planar
20 sin?d  sin?0/0.047  indices d=A/2sinf q, = dNB? + K2 + 12

1 255  0.047 1 (111) 0.1610 0.2277
2 36 0.095 2 (200) 0.1150 0.2300
3 44.5 0.143 3 (211) 0.0938 0.2299
4 51.5 0.189 4 (220) 0.0818 0.2313
5 58 0.235 5 (310)  0.0733 0.2318
6 64.5  0.285 6 (222) 0.0666 0.2307
7 70 0.329 7 (321) 0.06195 0.2318
8 75.5 0.375 8 (400) 0.0580 0.2322

(a) The sequence 1.2.3.4.5.6.7.8 (which includes the “7°") means that the material is

BCC.

(c) The average a, = 0.2307 nm
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The results of an X-ray diffraction experiment using X-rays with 4 = 0.07107 nm
show that diffracted peaks occur at the following 28 angles:

Determine the crysial structure, the indices of the plane producing each peak, and
1he faltice paramieter of the material,

SOLUTION

We can first determuine the sin? @ valuc for each peak, then divide through by the
lowesl denominator, 0.0308.

030
0.0615 ;

When we do this, we find a pattern of sin? §/0.0308 values of 1, 2, 3, 4, 5, 6, 7, and 8.
If the material were simple cubic, the 7 would not be present, because no planes have

an B + F + £ value of 7. Therefore, the pattern must really be 2, 4, 6, 8,10, 12, 14,
16,... and the material must be body-centred cubic. The {xkl) vatues listed give these
required #* 4+ k% + I values. _ .

We could then use 28 values for any of the peaks to calculate the interplanar
spacing and thus the lattice paramneter. Picking peak 8: ' '

28=5942 or 6=2971

A 0.07107
Aypp = =T
2sin 8 2sin(29.71)

g = dype VI + 12+ 17 =(0.071699)4)=0.2868 nm

= 0071699 nm

This is the lattice parameter for body-centred cubtc fron.
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Két luan: Qua mot loat cac vi du, ching ta cé thé thdy d voc phuong phap chung dé gidi
bai toan loai nay |&
-Buwéc 1: Tao mdt bang cé dang nhu sau:

28 sin®f [sin?8fsin?g [s = W+ 4+ 1) Eﬁluz‘; d=A/2sind | a, = dh? + k2 + 12
1 sin? &
2
3
4
5
6
7
8

-Budc 2: Tinh cac cOt sin’0 , sin“0 /sin*0, mdt cach dé dang.

-Budc 3: Cac phan ti trong ct s co thé tring véi cac phan tir trong cot sin®0 /sin®0,
hodc bang mot boi s6 nguyén lan ching. Do do, khi tinh cot sin®0 /sin®6,, néu chubi s6
nhan dugc khong trung voi chubi s6 s nao cla cac loai mang thi ching ta phai nhan 2
hodc 3 chiing dé dugc chudi so trung vi chuoi s clia cac loai mang nhw dandi & trén.
-Chi s6 Miller duoc tinh trén co s& da biét s va biét cac ho mat nao c6 kha nang cho tia
nhiéu xa.
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5 i~
Béng chi 56 Filler ofa hé Ep phwong
| et
Bk E e ha e o T
' . Bom Térredt |[Tam khii |Fmermg
b |
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z 1o Ca 1o
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z 511,383 (511,333 | ... 11, 333
]
= 510, 432
Y 521 o a2
N
az 440 440 440 440
= 522, 441
e 50,433 | . . . 530, 433
a5 s 531 L 531
4 400, 442 | 400, 442 | 500, 442
ar Al
a ain, s | L. 11, 532
BT
40 a0 &30 420 420
41 521, 540, 443
42 541 o 541
43 511 533 L 533
4 422 &z £22
45 430, 342
44 a1 .. 31
4T
" iy P 4l 4t
45 700, 632
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TasLe A13-1  Tue EvEMENTS

Lalen axdal Pvewbeh &
Element and €or i < 3
medification Type of structure porematens (A) ergle contonly | opproach
N Y apply (a)
Actiniym {
Algbamine See Froncium
Aluminun FCC, Al 4.0490 . . 2% | 2882
Amaricium \
Antirony Rhombohedral, A7 | 4.5064 57°6.5 2°C | 2.903
Argen FCC, Al 5.43 . e -0c | 1
Ananic Rhombohedral, A7 4.159 545 awe | 28
Astotine
Barium BC, A2 808 | sl e 2°C | 435
Beryllivm, o* HCP, A3 2285 ... 334 2°C | 2.225
p Hexogonol 71 . = 108 Roem
Bisemeth Rhombohedral, A7 | 4.7356| . . .| 5714.2 xc | 3.an
Boron Rhombohedral 9.45 | ...l 238 Room
Bromine Ortharhombic 449 | 48 B4 - | 2 )
HCP, A3 2977 .. .| s.e o°C | 2977
(s..., w , FCC, Al 5.57 do.. 2°C | aw
P (300 - 450°C
¥ (> 450°C) HCP, A3 3.99 40’c | 395
Corben, dismond” Diomond cublc, A4 | 3,568 1% | 1.5
Grophite, o Hawogonel, A7 _ 2.4614 2°C | 142
Graphite, [ Rhombohedral, D° s | 2.461
Carlum® FCC, Al 5.140 i} Raom 3.64
FCC, Al 488 | s5if s5as -180°C | 3.8
At 15,000 aim FCC, Al 4.84 P .. foom 3.42
Caslum BCC, A2 408 § o5l v -173%c | 5.25
Chlexine, Tetrogone! 8.58 ... 63 -ne°c | 188
Chreemium BCC, A2 28845 ... .. .. w°C | 2.4%
(Transit. at 37°C) BCC, A2 2o08f ... ... 3°c
Cobals, o* HCP, A3 2,507 .| 408 x°C | 2.506
[ FCC, Al 3882 | ... .... Room 2.51
Columblm See Nickivm
Copper FCC, Al 36188 ... ... 2°C | 2.55
Dysgeosium HCP, A3 2.585 .| 5.4% 20°C | 3.506
Erblum HCP, A3 3.539 .. 5800 2°C | 3.488
Ewroplum BC, A2 452 | ... .... w°c | 298
Fronclum {Formerly Alcbamine) { i
Gadollnlum HCP, A3 .62 .| 5759 2°%C | 3.56
Gollium One FC eethorhom- | 3,526 | 4.520 7.480 w°c | 2.442
blc, ATl
Germanlum Diomord cublc, A | 5,688 | . .. . ... 2°c | 2.450
Gold FCC, Al PR ) N 2°C | 2884
HaFalum HCP, A3 3.206 . 5.087 2w°c | 3.5
Hellum HCP, A3 (7) 3.5 | 5.4 ~-7.5C | 1.5
Holmium HCP, A3 3.564 5.8 2w°c | 2.7
ki

{cont,)

* Ordinary forni of an element that exists (or is thought to exist) in more than

one form.

4RD
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[ ( LaMice Tomperoture Dllt'u\a
Eloment and parometen (A) e or axlel | for which |of closess
% medification Tyt of siructng angle constanhs | approach
‘ o b opply “)
, pare | 3.7¢ 6.13 -7%C
Iliniwm Sea Piomethivn |
Indium FC tefrogonal, A8 | 4,594 | . . . | 4.95 2% | 335
ledine c a7 7T e 2’ | 270
Iridium FCC, Al el .. |.-.. 2% | 2714
Iron, o* 8C, A2 28684 | - n°c | 2.481
7 (exteapalal FCC, Al s o o'C | 2.5 |
¥ (908 - 1403°C) - e ek 3.454 950°C | 2.585
3(>1403°C) <, A2 254 | 1425°C | 2.54
Krypton FCC, Al 5.9 . -191°C | 4.0d
| Lanthamm, o HCP, A3 3.762 ) 6.075 w°c | 37
] FCC, Al 5.7 | G o Room | 3.762
Lwad FCC, A) 49495 . . 2°C | 3499
Lithium ®C, A2 15089 2°C | 3.0
(cold worked) FCC, Al - o wi i m A RESL
HCP, 43 (7) 308 | . 4.82 -195°C | 3.08
Lutecium , A3 3.5 | . $.57%0 2°C | 2448
Maognesium HCP, A3 | 3.2002 | . 5.203 2°C | 3.196
Manganeis, «* Cublc, A12 L8902 ‘ ‘ . ¥ W 2°C | 2.:
| §1727 - 1095°C) | Cubic, a13 {6,313 | . o Room | 2.073
F095-113°C) | FC temagonel, A8 | 3.782 | . 3.58 Room 2.587
3{>1133°C)
Mesurion ‘ (Tachnatiom) ; .
Mevcury | Rhomischedrel, All | 2.006 . bl -44°C | 3.006
Mol yodenum | Ke, a2 3 1486 .36 2°C | 2.7
Neodymium, «* | HCP, A3{7) 3.657 2°c | s.902
Neon | FCC, M) 451 . -2 | 3.2
Nickel FCC, Al 3.5238 x°c | 2.0
{unstable, with Hy
or Ny?) HCP, A3 26 am Room
{unstable) (7) T 1,0 | 4.00 .7 Room
Miobivm KC, A2 3.3007 N P 2.859
Nitogen, « Cuble 5.4 i i . =25°C | 1.06
] Mexogeral 4.04 6.8 -248C
Cymivm WP, A3 27338 ... | 4391 | ... .. 2.605
Oxypen, « Crthorhembic 5.51 | 383 | 3.4 -57C
] Uharbchadrol e |...| ®w° - 28°C
¥ Cuble M Yoo-] es -ns°c
Pallodium FCC, Al 38902 . .. w2°C | 2%
Phenphorus, white Cubic 7. g ] soiie e -35°C
| Slock Ortorembic, A16 | 3.32 | 4.3 | 10.52 Room | 2.17
Platirvem FCC, Al Y 1 (FPI I 2°c | 2.775
| Plusenium
‘ Polonbum, o Simple cuble 3.348 | . U I 2.38
B8 {above 75°C) Simple rhombchedicl | 3,359 | . w3 ..., 4“8
|m-m BCC, A2 5344 | . R E 2°¢ | 48w
Prosecdymivm, o« HCP, A3 (Y 1.6 | . 5.920 2°C | a.640
[ FCC, Al .8 | & i Room | 3.649
Prometbium
Protoctinium
Rodium
- i1

(eonl,)

* Ordinary form of an element that exists (or is thought to exist) in more thun

one form.
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Element ond SAN tel " which o tosest
jement € or axi or < |
medi fication Type of wruchure peremstens (A) angle constonts | opproach
- - opply a)
Rhenium HCP, A3 27600 | . . .| 4.4583 2% | 2.740
Rhodium, B* FCC, Al 3.8034 all g x°c | 2.a9
o (alecrelytic) Cubic P |con] sans Room
Rubidium BCC, A2 5.8 |.. e ~173°C | 4.88
Ruthanivm, a* MCP, A3 27208 | .. .| 4.8 2°C | 2.649
Samorium FC retragonal (7)
Scondium, o FCC, Al 454 | . wis w0 2°c | 3.2110
g HCP, A3 in | .. 5.4 Room 3.24
Selanlum® (gray,
stoble, metallic) | Hexsgonal, A8 43640 [ .| 49594 ®%c | 232
o red, maresssble) | Maonoclinic, P2,, | 9.05 | 907 |{P* "r 46| Roem | 2.4
Bired, maresscble) | Monoclinic, €'y or [12.76 | 8.04 | [s=93°4 Room
Cly orCly .z
Silicen Diomond cvbic, A4 | 5422 | . . .| .. . 2% | 2.3:
Sitver FCC, Al 40000 ] » un] o0 as x°C | 2.28
Sodium BCC, A2 AD06| .. o a°c | ans
Strontium e, a1 6087 | ...| .. 2°C | 4.0
Sulfue, o, yollow” Orihechamble, A17 |10.50 |12.94 60 x°C | 2.2
8 Monoclinie 10.92 | 11.04 f;,’." Ll T
Temtalum BCC, A2 33026 | ... .. 2°c | 2.840
Tellurium Hexagoral, A8 4.45% | .. .| 5928 2% | 287
Terblom HCP, A3 1.592 co| 5.675 2°C | s
Thollive, w* HCP, A3 3.4564 | . . 5.531 Roos 3.407
] i 3,682 R uPc | 1382
Thorium FCC, Al SO0 |--:-] scaas no°C | 3.8
Thulivm HCP 1.530 5.575 2°C | 3.453
Tin, w, groy Diomond cubic, A4 | 6.47 ve s wc | 2.,
B, white* Tetragenal, A5 5.8301 | soe a’c | .02
Tihanlum, o* HCP, A3 2.9504 .| 483 25°C | 2.89
B e, A2 I el samnn s00°C | 2.89
Tungsten (wolfram), o* | BCC, A2 30648 | ... ... x%¢ | 2%
B Cuble, AIS L R x°C | 2.5
Uromium, o (< 648°C) Orthorhombic, A0 | 2,858 4.9 x°c | .77
B (685-775°C) Low nymmatry
¥ U75-1130°C) KCC, A2 I® |aii] iiannn s°c | 3.02
Vanodlum KC, A2 09 | ... .. a°C | 2.4:2
Virginivm See Astotine
Waolfrem See Tungsten
Xenon FCC, Al 625 | . . 8% | 442
Yisorbiun FCC, A1 LM sl sines smmum | S8
Yivrlum HCP, A3 2.470 5826 | .....| 3.6
Zine HCP, A3 2664 | . 4.945 cee . | 2684
Zirconlum, o* HCP, A3 3.230 5.13 I i 3.7
8 e 3.8 ; sefc | 33

* Ondinury form of an element that exists {(or is thought to exist) in more than
one form.

From Stricture of Metals, 2nd ecition, by Churles 8. Burrett (MeGraw-Hill Book
Company, Inc,, New York, 1952).



