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Chwong 2: Nhiéu xa tia X

Cac phwong phap Phan tich Vat liéu 2
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History of X-Ray Diffraction

1895 X-rays discovered by
Roentgen

1914  First diffraction pattern of a
crystal made by Knipping
and von Laue

1915 Theory to determine crystal
structure from diffraction
pattern developed by
Bragg.

1953 DNA structure solved by
Watson and Crick

Now Diffraction improved by
computer technology:
methods used to determine
atomic structures and in

medical applications
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Nam 1915 hai cha con nha Bragg dugc
gidi thudng Nobel vé nhitng dong gép
trong linh vuc phan tich ciu tric tinh thé
bing phuong phdp nhiéu xa tia X.

Nim d6 W.L. Brageg mdéi 25 tudi, 13 ngudi
tré tudi nhat dudc gidi thudng 16n nay.

William Lawrence Bragg
sinh vién PH Cambridge
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Nhiéu xa ?

Nhiéu xa la sw thay doi phwong truyén cua
tia sang hoac song do gap chwdng ngai

vat hoac do sw xuyén sau cua birc xa dién

ttr vao tinh thé c6 cau trdc tuan hoan.
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BuéGc song (A°) cua cac vach dic trung

cua cac nguyén to

Aoy | Ao | AKey | AlKpy
Cr | 228052 |2,20352 | 2,2000 | 2,08479
Fe | 193597 |193991 | 19373 | 1,75654
Co | 178890 | 179279 | 1,7902 | 1,62073
Cu | 154050 | 154434 | 15418 | 139217
WMo | 070926 071354 | 0,7107 | 063225
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Mot cich truc ti€p nhat d€ bi€t dang cla cic vat thé...........
N€u ching qud nhd...........coecee...

Tuy nhién, v6i kinh hi€n vi quang hoc chi cho phép phin
gidi nhitng chi ti€t 16n hon 103A°, trong khi khodng cdch
giffa cdc nguyén tif trong tinh thé vao khodng vai A°.

Budc séng cua tia X : ~ vai chuc A°,

Nhung khong thé tao kinh hi€n vi tia X d€ nhin cdc phan ti.
Co 2 1y do:

1) Khong c6 thau kinh cho tia X

2) Ngay khi c6 thau kinh nhu vay thi can ché tao ching véi
sai s0 rat nhd hon khodng cdch gita hai nguyén td.
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P& mo ta hién tugng nhiéu xa ngudi ta dua ra 3
thuat ngu sau:

- Tan xa: 1a hién tuong anh sang bi doi hudng khi
gap Cac vat can.

- Giao thao: su chong chit cua hai hay nhi€éu séng
tdn xa tao thanh séng tong hop 12 tong cla su dong
gdp cua cac song phu nhau.

- Nhiéu xa: su giao thoa ting cudng clia nhiéu hon
mot sOng tan xa.
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Khi chum tia X tudng tic véi vat chat, nhitng
photon khong con trong chum tia 16, c6 thé :

- Nhitng photon do bi lech duong di: tan xa khOng
doi budc séng (khong mat ning lugng) hoidc tin xa
thay doi budc séng (mit ning luong) - Hiéu tng
Compton.

- Nhitng photon dé bi cdc nguyén ti hdp thu:
Nguyén t&¢ hap thu photon dugce kich thich phdt ra
nhifng € va nhitng tia huynh quang c6 budc song
diac trung cho nguyén tu bi kich thich - Hi€u tng
Auger.
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De hleu du’dc h1en tu’dng nhleu Xa ta hay x€t dleu gi
xay ra khi mot soOng tuong tac vé1 mot hat.

Diffraction

v

Interaction with a crystal
Crystal

Cdc chum tdn xa cOng vao nhau theo mot sO chi€u va ting cudng
nhau d€ cho céc chum nhi€u xa.
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Bmh luat Bragg

Chi€u chiim tia X song song va don sic 1én mot tinh thé
dudi mot géc O d6i véi mot ho mit mang, moi nit cda
mang trd thinh mot tAm nhiéu xa.

\/

% Cdc song tdn xa cua cdc nguyén tu trong
cung mot mdt mang

Néu chim tdn xa nim trong mit phing t6i va géc tSi bing
gdc phan xa: bc = ad , cdc tia tdn xa t cac nguyén tu cua
cung mot mdt mang cung pha.
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+ Cac song tan xa td mot ho mat mang

V

Incident B
m DA
§ / %Y
: _y 5
k&\. % :\fy 2d sin 6
‘9.0
LAY & @ \}o\ ED

d
, Giao thoa tang cudng khi
d sin 6
® e e e o o NnA = 2d sin 6

= B e @ @ @ Dlllh lllﬁt Bragg

Cong thirc Bragg 1a hé qua cida tinh chit cd ban cda tinh thé, 1a
tinh tuadn hoan ma khong lién quan gi d€n thanh phan héa hoc
clia tinh thé cﬁng nhu cdch sip x€p clia cdc nguyén t¥ trong
nhu’ng mat phang phan Xa

@ @S N N NN N
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T phwong trinh Bragg: NA = 2d sin@ ‘
Mot chum tia X ¢ bude song A roi dén tinh thé véi 1 goc 0 bat
ki. B¢ co tia phan xa nghia 14 phai théa min phuong trinh Bragg
- A hoic 0 phai thay doi mot cach lién tuc (khong gian doan).

- Tt nhan xét nay, xay dung dugc 3 phuong phap nhiéu xa dé
phan tich cau tric tinh thé.

PP Budc song Goc 0 Mau
Laue Thay do6i Co dinh Don tinh thé
Quay tinh thé  C6 dinh Thay do6i DPon tinh thé

Debye (pp bét) Co dinh Thay do6i Da tinh thé
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Phwo’ng phap Laue‘

- g . i Zone axis
Transmission ‘ “ Zone axis Reflection
/ 5
A v = ""k.. -~

——Film Incident beam

Incident beam

e Uses Single crystal
e Uses White Radiation
e Used for determining crystal orientation and quallty
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Phwong phap quay tinh thé

Reflected
heam

Incident beam
J}

A-ray source

b —>

Cylindrical
film

Determination of unknown crystal structures
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Phuong phap chup anh nhiéu xa trong buong hinh tru cac mau da
tinh thé dang:

» Bot hodc khoi thuong ding cac mau tru dudng kinh 0.3-0.8 mm.

» Ngoai ra co thé ding mau phang.
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Anh nhiéu xa debye ctia mau tru
MaAu: nghién da tinh thé thanh bdt cé kich thuéec 10-2-10-*mm
véi muc dich nhi€u hat tinh thé cé dinh huéng khdc nhau dé
xdc suat gidp cac mit hkl c6 goc dinh hudéng 0 phu hdp véi
diéu kién nhiéu xa Bragg.

- Sau d6 nén thanh c6t mau c6 dang hinh tru
- Budng chup: hinh tru bing thép

- MAu dugc gin dong truc véi budng chup, tng vdi nhitng ho
mit mang d,., thda di€u kién nhiéu xa, cdc tia ndy nim trén

dudng sinh cia mOt mit ndn tron xoay ¢6 géc G dinh bang 40
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v Str dung médt chim tia X don sic chiéu vao mau bot (gom
cac hat nho da tinh thé caa vat liéu).

Powder
line

v C4c tia s& nhiéu xa boi cic hat tinh thé nho, va vi ching sap
xép mot cach hon don theo cac phuong trong khdng gian nén céc
tia nhiéu xa s& tao nén mdt hinh nén c6 géc ¢ dinh la 40 (0 la
gdc nhiéu xa Bragg). Truc hinh ndn Ia phuong ctia chiim tia toi.
v Phim chup duoc bé tri quanh mau duéi dang mit bén hinh tru.
Anh nhiéu xa sé& la cic vach cong-la giao tuyén ctia C&C mit tru
va C4Cc mit ndn-dong truc
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Ghi nhén tia nhiéu xa bang phim

v/ Thiét bi: Phim duogc 16t sat vao
thanh trong cua mdt hop kim loai
hinh tru - goi la camera. Camera
cO ban kinh xac dinh.

v Mau duoc dit trén mot gia do
nam o truc trung tam caa camera.

v/ Két qua: trén phim co6 nhiing cung
tron doi xtrmg qua vét trung tam.

v Yéu cau ctia phuong phap la vach
nhiéu xa phai manh, c6 d6 den
déu, nén phim phai sang dé doc
duoc cac vach yéu.
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v’ Phim dugc rira, cat va trai phang

v’ Po khoang cé4ch tuong dbi giita cac vach, tinh goc phan xa,

tir 36 xac dinh duoc cac dic trung cua tinh thé nghién curu.
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= Lip phim vao buong:

! VaSa

+ Lap xuoi : 2 mép phim nam & dau vao cua budng chup
Incident

o Film

() XRB

hki

‘ 2' —_— 43? (1a)
=> 0 =2I/4R x57,3 (d0)
o W\
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= Lip phim vao buong:

+ Lap ngwoc: 2 mép phim nam & dau ra ctia budng chup

Knife edge shadows  Knife edge shadows

(b)

2l =27 -40)R @

=>0 = (90 - 2I/4R x57,3) (do)
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Khi x4c dinh géc nhi€u xa 0, ta dung gi4 tri hi€u dung
R, , chit khdng phdi ban kinh thyc R cla budng chyp.

Gi4 tri hiéu dung nay c6 thé xdc dinh bing cdch chup
mot chi't chuin c¢6 hing s6 mang da biét chinh xdc ( vi
du NaCl). Khi d6 ta tinh nhu sau : t& hing sO mang da
bi€t, tinh g6¢c 0

tinh °

T cdc gia tri nay, két hdp v6i cdc khoang cdch do
dugc trén phim gifta cac dudng doi xdng, ta xdc dinh
dugc gid tri hiéu dung ctia ban kinh budng chup R, ;.
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Trong nhlleu tru’dng hdp, ngu’dl ta dung cach lap phlm:"khong
do1 xing (bén sudn) (theo Straumanis).

Cdc dudng nhi€u xa trudc (tng v4i goc O khong 16n) khéc
vGi cdac dudng sau (tng vSi goc 0 16n) & chod : cdc dudng
truGc thudng ridt hep con cdc dudng sau thudng tdch thanh
hai ing vG1 2 bude song K _, va K .

2’ : 6=0° 0 =90°

E (o) [

2 1 ' '«— B —!

(©) ' A ——
Ciach 1dp nay cho phép xdc dmh R, , ma khong can chup mau
chuan. Mu6n vay, do cidc khodng cich A va B . Bdn kinh

hi€u dung R, , dugc xac dinh tur hé thuc
2R, = A+B

Phuong pheip ne‘ly chi ép dung dugc khi trén phim cé cac
6¢c 0 < 50° dén 60°. B

'-'-'i‘
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X Anh nhiéu xa Debye cua mau‘phang
- bat mau nghiéng mdt goc ¢ so véi chum tia. Trén phim chi

nhan duoc cic dudng nhiéu xa do C4c tia phan xa tir bé mit

mau, do d6 anh nhiéu xa chi nhan trén mot nira phim.

i i
4 7R
- bit mAu truc giao: bé mit mau phang truc giao vai chim tia téi.

So do dit mau truc giao cho phép nhan cac dudng nhiéu xa trong

pham Vi gdc 16n, goc nhiéu xa dugc xac dinh theo cong thirc:

2l =27 —40)R ()
=>0 = (90 - 2//4R x57.3) (d9)
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= Ghi nhén tia nhiéu xa may dém

B
May phong tia X C

v Mau duoc ché tao 16p mong
tron, phang, duoc gan trén \
dé, dé nay co thé quay quanh
truc ctia noO trén gia do.

\ May dém

v' May phong tia X cho chum
tia X don sac Vong gitc ké

v May dém duogc két ndi véi gid dung mau bang mot hé thong co khi
chinh xac va chuyén dong trén cung tron ABC. Goc 6 dugce do chinh
Xac va c0 budc nhay khoang 0,01°.

v/ Két qua thu duoc 1a mot gian do nhifu xa thé hién mdi quan hé giira
cu:0’ng do (so xung trén mot don vi thoi glan) va goc 20 (do)
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Cubic SiC

= Gian d6 nhiéu xa tia X:

% =0.6975 A

JLLDJUJJM

I I I I
20 30 40 50

Intensity (counts/sec.)

80Si0,-20Zn0

i) 0 L) 50 L:1] T a
WEECED/ A\ // \ \ /‘\ /‘\ /mmm g
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= Gian d6 nhiéu xa tia X:

v/ Bao gdom cac dinh c6 cuong do khac nhau. Moi dinh tuong
ung véi mot phan xa cia ho mat {hkl} nao do.

v/ Ttr gian d6 nhiéu xa ta thu duoc rat nhiéu thong tin vé
khoang cach gitra cac mat mang (hkl), cwong d6 twong doi
cua mo1 dinh ...

v'Hai yéu to chinh quyét dinh dén hinh dang cta gian do
nhiéu xa tia X:

(a) Kich thudc va hinh dang ctia 6 don vi

(b) SO nguyén tir va vi tri cac nguyén ti trong 6 don vi.
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§ w0 J | o cl
- L A J A N

5 10 15 20 25 a0 35 40 45 a
26 [Grao]

[0 Khoang cach d gitra cac mat mang phu thudc vao kich thudc
0 co so.

[0 Bé rong va hinh dang ctia dinh phu thudc vao thiét bi do va
thudc tinh cta vat liéu nhu kich thudc hat, sai hong mang.

[0 Cuong do cuia dinh phu thudc vao su sap xép cau trac tinh
thé, vi du nhu vi tri ciia cac nguyén tir trong 6 co so va su
dao dong nhiét ctia cac nguyeén tu.
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* Gidn do nhiéu xa tia X:

v C0 thé coi l1a dic trung cho mdi chat tinh thé

v/ Hién nay, trong hé thong luu trit khoa hoc cua thé gidi
c6 bd chuan ASTM (American Standards for Testing
Materials). Céc thong tin, dir kién vé mdi chat tinh thé
duoc ghi dudi dang gian d6 goc hodc dudi dang phiéu
(card), file so liéu, ....
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CAU TAO NHIEU XA KE

Thiét bi gom 4 bd phan chinh

- B0 phan tao chum tia X

- Ong chuan truc, may don sac
- B0 phan dit mau

- B0 phan thu nhan
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SO PO KHOI CUA NHIEU XA KE

Diagram of a simple X ray diffractometer with the protedive shielding omitted
— Detector

counter &
pre-amplifier

divergence .gen at 2ge¢ scatter
eiit ani 2%

HI. supply,
slit chart recorder
and
counting
eleclronics

ﬁ\goniometer hand drive
— _goniometer 24 position

X-Ray / i)

and

Source B

sample
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CAC YEU TO ANH HUONG DEN KET QUA XRD

¢ Mau khéng di min ho&c mang qua moéng
¢ Toc dd quyét qua nhanh (d6/phut)

¢ Mau gom nhiéu thanh phan

¢ D6 két tinh cila mau chwa cao
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’NG DUNG CUA PHUONG PHAP BOT

Xac dinh cac vat liéu chua biét.
Kiém tra sy don pha (d0 tinh khiét).
Xac dinh kich thudc tinh thé.

Nghién ctru su bién do1 nhi€t cua vat li¢u.

Xéac dinh cau tric tinh thé.
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= X4c dinh vét liéu chwa biét
Uy ban hop tac vé cac tiéu chuan nhiu xa tia X theo phuong phap
bot (Joint Committee on Powder Diffraction Standards (JCPDS)) da
bién dich dix kién tir trén 50000 gian d6 nhiéu xa tia X chuan cta cac
hop chat vO co, hiru co, co kim... thanh mot bd co sd dir liéu.

Dua vao co so dit liéu nay, ta cd thé xac dinh mot loai vat liéu chua
biét ndo d6 bang cach so sanh hai hoic ba dinh trong gian do nhiéu
xa thuc nghiém véi C4c gia tri trong mau chuan. Doi véi cac vat lidu
phtc tap hon ta c6 thé st dung phan mém trén may tinh dé tim kiém
su tring lip gitra dir kién thuc nghiém va co s& dit liéu chuan.

Déi v6i nhiéu vat liéu ran, phuong phap nay cho két qua nhanh va
chinh xac.

Dicu trd ngai ¢ day la théng tin cta hop chat ta nghién ctru phai co
trong co s& dir liéu chuan va vat li€u phai ¢ trang thai tinh the.
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= Kiém tra sw don pha (d0 tinh khiét)

Trong mot hon hop cac hop chat, mdi pha tinh thé s& dong gop
nhitng peak dic trung riéng ctia minh vao gian do nhiéu xa chung.

Trong qué trinh tong hop vat liéu,
phuong phap bot duogc sir dung dé
nghién ctu sy hinh thanh pha san
pham ciing nhu d6 tinh khiét cua
san pham.

Vi du: Phan tng giita hai pha ran
AlLO, va MgO dé¢ hinh thanh pha
MgAl,O, cé thé duoc theo dbi bang
nhiéu xa tia X theo phuong phap bot.

INTENSITY (CPS)

l (b) l

/50 | PORSATIENT | (07 | SRS e WD GD e

I“ MgALO, ,

By | A | & b ey

40. 45. 50. 55.  60.
TWOTHETA (DEGREES)
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= Kiém tra sw don pha (d0 tinh khiét)

« O thoi diém ban dau, gian do
nhiéu xa tia X gom céc peak cua
ca hai pha Al,O, va MgO

o Khi phan tng dién ra, ¢ gian do
a va b xuat hién cac peak tuong
tng véi san pham MgALQ,,
cac peak nay co cuong do tang
dan theo phan tng.

« Khi phan ung két thic, gian do6
nhiéu xa chi gom cac peak dic
trung cia MgAIL,O, nguyén chat.

INTENSITY (CPS)

8
g s

|
|

poade
—

ot VN

©20. 25.

40. 45, 50. 55, 60.
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= Kiém tra su don pha (d¢ tinh khiét)

e Cé&c nha hda hoc vat liéu thudng ding nhiéu xa tia X
theo phuong phap bot dé theo doi qua trinh phan tng.

« Phuong phap nay ciing duoc st dung rong rai dé xac
dinh nhirng pha tap chat va cac chat phan tmg con du
trong san pham.

« Tuy nhién, dé l1am duoc diéu ndy, cic pha tap chat
phai ¢ dang tinh thé.
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= X4c dinh kich thwéc tinh thé

Mot s6 hiéu Gng c6 thé lam thay doi bé rong cua peak nhiéu
xa, do la: kich thudc tinh thé, su xen phu cua cac peak gan
nhau, strc cang (microstrain), cac khuyét tat diém va mat.

1 hat = mét tinh thé 1 hat = nam tinh thé nho

*Luwu V: Nhiéu xa tia X theo phwong phap bot chi xac dinh kich thudéc
tinh thé, nhung khéng xac dinh dwoc kich thuée hat.
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intensity

= X4c dinh kich thwée tinh thé

Pé c6 duge cac peak nhon trong gian d6 nhiéu xa
tia X thi tinh thé phai c6 duoc kich thudce du lon
dé dam bao c4c phan xa sai léch so véi géc 20
(g6c hop bdi tia nhiéu xa va tia toi) s& khéng giao
thoa tang cudng dé tao thanh tia nhiéu xa.

Anh hudng cua kich thudc tinh thé dén bé rong
cua vach nhiéu xa trong phuong phap bot.:

(a) Mo rong dinh do thiét bi do

(b) Peak nhiéu xa cua tinh thé 1um

(c) 100 nm

(d) 10 nm

() 5nm
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= Xac dinh kich thudec tinh thé

0,9.A
2 2
\/ B, —B;.cos6
d -- Kich thudc tinh thé

Cong thuc Scherrer (] =

A -- Budc song
0 -- Goc nhi€u xa

B, . Bi— D0 mo rong vach cia mau va do0 mo rong vach chuan

T

tinh theo Radian: ‘grad :‘Qdegxﬁ

B =./B2 — B2 B:d0rong vach nhiéu xa ¢ ¥ cuong do cuc dai.

B, - Cung con dugc coi la d0 mo rong vach do may do
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Nghlen ciru tinh chat bién d6i theo nhletdo ciia

vat liéu (XRD in- Sltu)
Két hop gitra thiét b1 nhiéu xa tia X va mot 10 nung hodc mot may lanh

s& cho phép do dugc cac gian d6 nhiéu xa cua hé trong mot khoang
nhiét do rong — xac dinh duoc sy bién doi pha trong vat liéu va xac
dinh dugc cac hé so nd nhiét.

Intensity

W

(110)

(1o1)

(200)

(211)

(112)

1080~C
aa80°C
HRO°C

480°C

280°C

arC

q gel

T
20

30

40

20/°

50

T
60

70

Gian dé XRD in-situ ctia gel SiO,-Sn0,

*Sn0O, bat dau chuyen ‘pha (v6 dinh hinh — tinh the) & khoang 80°C
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= X4c dinh cau tric tinh thé

v/ Nhan biét mang Bravais

v' Xéc dinh chi s6 Miller

v/ Tinh hang s6 mang
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= Poi chiéu vdi bang khoang cach mat cua cac chat da biét.

= Dya theo dic diém nhiéu xa cua tung kiéu mang trong ting hé
mang cu thé.

= Po6i chiéu voi dit lidu cta gia tri khoang cidch mit mang cta CAcC
chat da c6 san

- Tt phuong phdp chup phim hay nhi€u xa ké - 0.

- Di€u kién nhiéu xa W-Bragg—> d,,

N ~ » 7 A1 A ~ » ~ ~ c A » N A
- Dling s tra cttu c6 sO li€u tat ca cac chat da nghién citu thanh cong.

Uu diém: Pon gian dé thuc hién di cdc chit cé cdc pha phic tap

Nhuoc diém: khong thuc hién dudc vSi cdc chit, pha chua dudc

nghi€n ctu.
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Trén phim chup cdc tinh thé thudc hé lap
phuong, theo 1y thuyét, chi ¢c6 thé xuit hién
cac vach c6 chi s6 Miller cho & Bdng sau .

h2+k2+12

RAA U A W -

11
12
13
14

P

(100)
(110)
(111)
(200)
(210)
211)
(220)
(221), (300
(310)
(311)
(222)
(320)
(321)

I

(110)
(200)
@11
(220)
(:"3-10)
(222)

(321)

HE LAP PHUONG

F
(111)
(200)
(220)

(311)
(222)

h2+k2+12

P

(400)
(410),(322)
(330),(411)
(331)
(420)
(421)
(332)
(422)
(034),(005)
(314),(015)
(333),(115)
(520),(432)
(521)

(400)
E-3-30),(41 1)
(@20)
(332)
(422)

(015),(314)

(521)

Simple cubic

FCLC BCC

F
(400)

(331)
(420)

(422)

(333),(115)

@ =@ B S e
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HE LAP PHUONG

d
d. = - _i _ i 2 2 |12
k| NrEEanT ,Sm@hkl—zd—za\/h + Kk +1
O mot bude séng A xdc dinh, 14p cdc ty s6 cia cdc sin?0
sin“0, hl+k!+I7
sin®0, hy+kZ+I?

Pic trung cho tirng ki€u mang

Lap phuong P :

K.=1,2,3,4,5,6,8,9,10, 11, 12, 13, 14, 16, ...
Lap phuong I :
K.=1,2,3,4,5,6,7,8,9,10, 11, 12, 13,14, 15, ...

Lap phuong I :
Ki=1,4/3,8/3,11/3, 4, 16/3, 19/3, 20/3, 8.9, .
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Y W 9aWa®-W= 1 e VaVa

Doi chi€u day s6 K, thuc nghiém (xdc dinh theo ty sO céc
sin?0 thyc nghiém )véi diy s6 K, lythuyét dé xdc dinh
ki€u mang cla doi tugng nghién cifu, va sau dé xdc dinh
hing sO mang a theo céng thic:

Jh2 + k2 +12
28|n6’
Chii y: dé c6 sy nham 14n gitta mang P va mang I vi 6 dudng
dau tién cia 2 mang ndy c6 diy K giong nhau.
Khdc phuc: - Chon budc song tia X ngin dé nhin dugc nhiéu
hon 6 dudng nhiéu xa.

- Néu 12 mang P thi I, > I, N€u 12 mang I thi
ngudgc lai.
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Ti anh nhiéu xa

STT 0. Cuong d9 | sin@, | Loai | sin?0, | K, hkl a (A
duong bd'c
X3
1 250943’ Tbinh 0,4339 | 1B - - 110 2,865
2 28033’ | Ratmanh | 04775 | « 0,2280 1 110 2,864
3 37950’ | Ratyéu | 0,6124 | S - - 200 2,863
4 42030’ Tbinh 0,6756 | o 0,4564 | 2,003 | 200 2,864
5 48939’ Yé&u 0,7507 | S - - 211 2,861
6 55948’ | RAtmanh | 0,8272 | « 0,6842 | 3,001 | 211 2,863
7 59951’ | Ratyéu | 0,8647 [ - - 220 2,862
8 72949’ | RAt manh | 0,8554 | « 0,9130 | 4,004 | 220 2,862
9 75029’ Tbinh 0,9695 | S - - 310 2,863
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Bai tap

Nguoi ta dung tia X Cu_Ka co bude song A
= 1.541A° chiéu xa Va0 mau ZnS. Két qua
thu duge cac vach pho & vi tri géc 20 va co
cuong do tuong ung duoc trinh bay trong
bang. Hay xac dinh khoang cach d giira cac
ho miat mang, kiéu mang Bravais, chi so
Miller cho cac vach nhiéu xa twong Ung
trong bang va hiang s6 mang a cua ZnS.

sTT 20 Int
1 28.5 100
2 33.0 20
3 47.5 100
4 56.3 90
5 59.0 10
6 69.5 30
7 76.7 50
8 79.1 20
9 88.5 60
10 95.4 50
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