PHUONG TRINH SCHRODINGER VA UNG DUNG

Ham song va v nghia théng ké ciia né

e Van dong cua hat va vi hé (tip hgp hat) luén tuin theo quy luat thong ké

e Trang thii caa vi hat, vi h¢ dugc mo ta béi mot ham séng , ham nay
cho phép xdc dinh x4c xuat tim hat, vi hé tai mot trang thai xac dinh
e D&i v6i chuyén dong ty do (thé ning biing khong):

——;;(Wt—;; )
W = Woe =
v cmilot-k )
0 ’

I

trong d6 bién do dugc xac dinh:

w2 = |wf’ = wy".

chinh 13 mat do xac xua't (xac xuad't tim thay hat, vi hé trong don vi thé tich)

e D3&i v6i nhitng hé chuyén dong trong trudng thé ham rat phic tap phu
thudc vao cac bién so toa do va thdi gian:

\p(;, t) = Y(Xx,Y,z,t).

e To6m lai trang thai caa vi hé, vi hat dugc mé ta béi ham séng va

mo mat do xac xuat tim thay vi hat, vi hé ¢ trang thai dé
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Phuong trinh schrodinger va ting dung

e D&i v6i vi hé (vi hat) chuyén dong trong mét trudng hyc the ham séng

c6 dang

1

— — —Wi -
W(ra t) =€ h W(r)v

W- 1a ning lugng cua vi hé (vi hat); 14 phan phu thudc toa do
khong gian cia ham s6ng va la nghiém cua phuong trinh:

. 2 -~ .
Ay (f) + ;"23 W - U(r)] w(r) = 0.

(*)

e phuong trinh (*) chinh la phudng trinh Schrodinger, trong dé la todn t&
Laplace

Nghi¢m cua phuong trinh Schrodinger:
e N&u bi€t dang cu thé ciia ham U(r) ta c6 thé gidi dudc phuong trinh trén
Nghiém ctia phuong trinh 1a ham va W: xac dinh trang thai va ning lugng
cta vi hé (vi hat) trong truong thé ning

Khi U(r)=0 ta thu dugc nghiém th€ hién trang thii va niing lugng cia vi hé (vi
hat) chuyén dong ty do
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Ung dung ciia phuong trinh Schrodinger:

Phuong trinh Schrodinger dugc wng dung rong rai d€ xdc dinh trang thdi va niang
lugng cta vi hé va hat vi mé: trang thai va niang lugng cua dién t tu do, dién ti
trong trudng tuian hoan ciia mang tinh thé, ctia dao dong td, quay tif, d€ giai thich
hiéu @ng dudng ham... Xét mot vai vi du wng dung trong cidc phuong phap phian
tich vat ly va hoa ly

e Xdc dinh trang thdi va ndng luong ciia dao tit diéu hoa lugng tir:

- dao ti chuyén dong theo phuong X trong truong thé niing

dugc goi 1a dao tif diéu hoa (dao dong cliia ion quanh nit mang, dao dong cua
nguyén tu trong phin tu...)

- phuong trinh Schrodinger d6i véi dao tit diéu hoa cé dang:

2 2,2
d\p+2m w _ MO7X v =0
dx? K 2

- giai phuong trinh nay ta thu dugc:
1
W, =ho|n+—=|,

n 1a so lugng tif dao dong
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khi n=0

h
Wo=7

nghia 13 khi khong bi kich thich dao ti vin dao dong

- dudc Wng dung d€ gidi bai toan phd hong ngoai dao dong trong phan phd
hong ngoai

Xdc dinh trang thdi va ndang luong cua quay ti:

-quay td 1a mot vi hat chuyén dong tu dotrén mét miit cAu xac dinh
-th& ning V(r)=V(a)=0 (a-ban kinh mit cAu) do miit ciau la géc thé ning
- phuong trinh Schrodinger déi véi quay tif 1a:

2mW
h2

Ay + v =0.

nghiém cua phuong trinh c6 dang:

R+ 1)

W, 5

2ma

1- 1 s0 lwgng tif quay. 1=0 phan tif khong bi kich thich quay do W=0

- nghiém cta phuong trinh dugc Wng dung tryc ti€p vao nghién cdu phd cia
nguyén ti hai phan t, 1y thuyét vé nguyén tif hydro...

Gidi bai todn va gidi thich hién tuong xuyén ham dién ti:

- xét mot rao thé ning nhu hinh duéi day
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Ui

Max [-----=----

pad

hat mang ning lugng W chuyén dong theo phuong X tit trdi qua phai dap vao
hang rao thé niing

U4

Uo

I I1 ILI

—
O a X

H.6—-13
Hang rao thé c¢é dang hinh chir nhat
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d2y; 5 .. 2mW

AL T - 2 _ 2 _
mién [ : 2 +kyyp = 0 vo1 ky = 7
d?yy . .o 2m
mién II : 2 k7WII =0, va1 k35 = h_2(U° - W),
mign I : SV, K2y = 0.
dx?
- hé s6 truyén qua hang rao
2
5 _ Al
5
A1l

- tif cdc diéu kién bién:
w1 (0) =y (0),
W1 (0) =y’ (0),
yyp (@) = Yy (a),
Wy (@) = 'y (a).
ta tim dugc

D — 6—21(23

D= o h\[zm(u ~W)
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tir bi€u thic nay ta thay ring mic di W<U, nhung D van luén khic khong nghia
12 hat vin c6 thé xuyén rao.

- D cang 16n khi W cang 16n, khi cung cdp cho dién tif ning lugng (bsing mét dién
trudong chiang han) D se cang 16n phu thuéc vao trang thai trude d6 (W cia dién
t). Pay 1a nguyén 1y chinh trong kinh hién vi dién tit xuyén ham.

Tém lai, phuong trinh Schrodinger gitip ich rat nhiéu trong viéc gidi thich ciing

nhu gidi nhitng bai todn phic tap cia mét vi hé¢ (gd0m mot hay nhiéu vi hat).
Nghiém ciia phuong trinh cho biét trang thdi va ndng lugng cua vi hé.
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PHAN LOAI PHO THEO BUGC SONG

Bdng 1.1. Phan loai cac vang bic xa dién tif

T

Buc xa A, cm EeV
Tia y -t~ 108 ~ 107
Tia Rontgen 10-8 — 106 ~10°

T ngoai va kh kién 1076 - 1074 ~ 10

Hong ngoai 0~4 - 1072 ~1071
Vi s6ng 10~! - 10 ~1073
Séng vo tuyn > 100 <1070

Dua theo chidu dai budc song tit dai dén ngén, cac buc xa dién tit duge chia thanh ving

Bdng I1.2. Ving phé quang hoc va vat litu quang hoc

wem™! 10 100 500 1000 2000 5000 10¢ 5.10% 105 2008
- I 1 L [l L . L. - 1 A

Ving Hdng ngoal Nhin Tir ngoai

T I — . -

pd | Xa Gin thdy | Trmg |  Ving Ving
| Cor ban binh Suman Laiman

Ve |Gl

. o, KB  CaF)

quang Thiy tinh Céch tir

hoc NaCl Thach anh

Gl  LF CaF,
A 1000 100 20 10 5 2 10 000A 2000 10060 50

- Vung tia X va tia

- Vung Laiman: 50 - 1200
- Vung Suman: 1200 -

ng v6i phudng phap phan tich phd tia X va tia

1850

nghién cifu cdc hgp chat hoa hoc

- Vung UV- vung td ngoai: 1850 — 4000
vat liéu quang hoc la thach anh
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. Khong c6 y nghia véi vat liéu hitu co

, dung vat li¢u quang hoc 1a CaF,, ing dung dé

viung phd tif ngoai (phd UV), dung
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- Vung kha ki&n: 4000 — 7000 (0,4-0,7 ) : phd kha kién, phd phat xa,
huynh quang

- Vung hong ngoai gan: 0,8 — 50 phd dao dong

- Vung hong ngoai xa: 50 - 2mm: phé quay

- Vung séng radio va viba: phd cong huéng tir

CAC KIEU CAU TRUC CO BAN

Dua vao dic di€ém phan bd khodng cich cdc phan tif cdu tric trong cau tric
nguvi ta chia tinh thé ra lam céc loai sau

- Cdu triic khung: khoang cach tuong déi bing nhau trong toan bd cau tric
- Cdu triic lIdp: khoang cach biing nhau trong tirng 16p

- Cdu triic mach: khoang cach bing nhau trong tirng mach

- Cdu triic ddo: khoang ciach bing nhau trong tirng nhém nguyén ti

CAU TRUC KHUNG

- Ddc diém chung: hinh thanh trén cd sé quy luit x&€p cau, ciac phan ti ciu
tric cdc nhau nhitng khodng tuong d6i dong déu nén cac hinh phoi tri kha
déu diin

- Céc ki€u ciu tric 1ap phuong A, - fcc (Cu, Au, Ag, Pb, Al.. va mdt sé hgp
kim khic) hay A; — hep (Mg, Be, Zn, Cd, Y... mdt so hgp kim khac) hay A, —
bee ( -Fe, K, Rb, Cs, Ba... mét s6 hgp kim khac)u3
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ciu tric dang hep — A;

10
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ciu tric dang A, - fec

- Cdu tric kim cuong:

, S, Ge,

11
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Cdu triic NaCl: B;- cac oxit nhu8 TiO, VO, MgO, NbO c6 cdu tric B,

$--0--9
O 0
<>-n |

RES 3t
‘c_>_ &16‘

P LA

Céu triic cia CsCl: ki€u B,- cac chit c6 cau tric B,: CsBr, CsI, NH,Cl,
CuZn, AnZn

Cdu triic Sfalerit : ki€u B;s- cac chat c¢6 ciu tric ki€u B; cac
halogenid Cu, Agl...

12
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- Céu tric Vuazit (Wurzit) : cac chat c¢6 dang ciu
trac nay: BeO, NH,F, CdS, ZnO, MgTe,CdSe

gdm hai mang sdu phuong xé&p chit 16ng vao nhau va cach nhau mot doan béing
3/8 ¢

- Cdu triic Nikelin-NiAs: thudc ki€u cau tric nay c6 MnAs, TiSb, CrSb, MnSb,
FeSb, NiSb, NiBi, MnBi...

L R

B—
&-

.___.',————-—-—-Ov
e
.
— . - - —
—
-

{- — - -

N

c6 thé hinh dung ciu tric nhu hai khéi liing tru sdu phuong chong lén nhau. Cac
nguyén ti kim loai name ¢ dinh ling tru va tdm cda cdc mat ddy. N&u chia 6
13
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mang lam 6 Ling tru 3 phudng thi cic nguyén tif 4 kim nim & tAm cia cdc Ling
tru 3 phuong d6, 3 nguyén ti nim & trén va 3 nguyén ti nim & dudi.

Céu triic ciia CaF, — kiéu C;: cac florua cia Sn, Ba, Ra, Pb, Cd, Hg... déu

thudc dang C,
/ 0O
T -
it
_b

gdm 3 6 mang lap phuong 16ng vao nhau. Mang thit nhit cia Ca c6 nit dau la

[[000]], mang thi hai v6i toa do nit dau va mang thd 3 ¢6 toa do nit dau
la 1a vi tri cua cdc nguyén tu Cl

- Cédu triic kiéu peropskit- CaTiOs:

o7i¢' (8ot Qo

14
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Dic trung cho mot s6 hgp chat c6 cong thitc ABXj;

X= oxy

Loai 1

A la cation hoa tri hai nhu: Ca, Sr, Ba, Cd, Pb

B 1a cdc cation ho4 tri bon nhu: Ti, Th, Zr, Hf, Sn, Ge

Loai 2

Céc cation déu cé hoa tri 3 nhu: LaAlO;, La(Cr, Fe, Ga, Mn)O;

Loai 3

A hoa tri mét va B hoa tri nim: NaCrO;, NaWO;, NaTaO;, (Li, Na,K)NbO;

Cdu triic cuia cristobalit:

cac ion Si tao thanh mang ki€u kieu kim cuong va duge vAy quanh béi 4 ion
oxy

s/
"
Pve
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Cédu triic spinel
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O tetrahedral sites

AB; 04 spinel The red cubes are also contained n the
baclk half of the unit cell

-------- P I |

-
1
I—..lll'

() oxygen

S

ol

L}

tetrahedral Fe

ik A A-site
] h 1 1 :
: : : I 1 ' rI : i fon
A 1+ & octahedral Fe
: S SR SN S S E— .
e N e B-site
P et n- ottt M=
et Let 1=~ after Bamerjee and

Moskowitz (1985)
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CAU TRUC LGP

- P&i véi dang cau tric nay quy luat x€p ciu chi thé hién trong ting 16p.
Khoang céach giita nhitng phin t& ciu triic trong tirng 16p nhé hon hin so
v6i khodng cach gitra hai phan ti khac 16p

- Mot s chat c6 dang ciu tric 16p di€n hinh: graphit, cau tric As, Cal,,
CdCl,, molipdenit MoS,, mét sé6 khodng silicat nhu mica, pyrophyllit

- Cdu triic ciia graphit: ciu tric dang nay: BN

- Céu tric ciia As: cic nguyén t¥ As trong mdi 16p phan bd trén hai mit
phing song song nhau, lam thanh mét 16p kép, chita hai ting, mdi nguyén
té c6 3 nguyén ti nim ké 6 tang trén

17
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CAU TRUC MACH

Trong ciu triic nay luc lién két cac phan tif ciu tric trong mét mach manh hon
hin so véi luc gdn k&t cdc mach véi nhau

- Cdutric cia Se va Te:

Ciac don chit nhu selen va telua cdu tao tif nhitng mach xoin kéo dai theo mét
huéng

- Cdu triic ciia rutin TiO,:

Céc ion Ti tao thanh 6 mang bon phuong, cac ion Ti nim & dinh va tAm cuia 6
mang. Mdi ion Ti niim giita 6 ion oxy tao hinh phéi tri 8 mit. Qua canh chung céc
hinh 8 mit nay kéo dai theo truc déi xing bac 4. vi the tinh thé rutin c6 dang
hinh ling tru hoic hinh kim

18

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Cédu triicWallatonite : mot khoang silicat ciing c6 dang mach, sé dugc xem
xét ¢ phan sau.

CAU TRUC PAO

Trong ki€u ciu tric nay , cic nguyén tif thudng tip hgp thanh tirng nhém
biét 1ap goi 1a phan td. Lyc lién két cdc nguyén ti¥ 4y thanh phan tu
(thuong 1a lién két dong ho4d tri) thuong manh hon rat nhiéu lyc lién két
cac phan tif thanh tinh thé (thuong la luc van der Waals). Cac nguyén tif
trong phan ti cich nhau mot khoang ngin hon nhiéu so véi nhitng phan ti
Céac phan tif c¢6 thé gom 2 nguyén ti, 3 nguyén ti: CO,, H,0, F,0, H,S, 4
nguyén t@ nhu NH;, PH;, BF;, BCl;, 5 nguyén ti nhuw CH,, CCly, SiCly....hodc
nhiéu hon nhu S tao thanh phan tf gom 8 nguyén ti...

Céc phan tif ¢6 xu huéng tap hgp theo quy luit x&p cau ly tuéng

O C

7 M /

tinh thé I, mang truc thoi tim dién

19
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T4am nguyén ti luu hinh sip x&p trén hai mit phiang song song tao thanh phan ti
Ss dang vong hai tAng. Nhitng phin tir nay chdng thanh diy doc dudng chéo , miit
day, cac day lai sip x&p song song véi nhau tao thanh tang.

tinh thé CO,

20
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tinh thé bezen mang truc thoi tAm dién
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