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https://baike.baidu.com/item/石英
https://baike.baidu.com/item/黄铁矿
https://baike.baidu.com/item/萤石
https://baike.baidu.com/item/钙铬榴石
https://baike.baidu.com/item/钙沸石
https://baike.baidu.com/item/菱锰矿
http://www.ahgm.org.cn/
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® % (Osmium) , BERAWBRTE (p =22.59g/cm?).
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& XMEEEBA (black obsidian), E—FXAEE, TEREK! 3

3https://opengeology.org/Mineralogy/4-crystals-and-crystallization/



https://opengeology.org/Mineralogy/4-crystals-and-crystallization/

RS

Bravais #—# 5 iiﬂ&‘ET Space

) Samuel Christian Weiss Lattice I2if, H—RIERFIH =450
Johannes Kepler ?T% Hooke Fﬁ%ﬁﬁi@,g_r (1816) %0 Friedrich Mohs ST HERETENES R =
HATEL AR 7 EMTRERRNEE (B (1822) $2 BB RRHE 5] WEE 7 4 Bravais BFE (Lattice
REERRREL A, B RRE), 7 ﬁ_j’uﬂ)ﬂlmtﬁljﬂﬁgg System), 14 # Bravais #4F (Lattice
HIRAR R AL AR AR (ZEH) class/flock)
SRR LR

/1669 1784 Azz 1848
i
1611 1665 /1816

y J %—/j 2022
SRE, ERRERERRE . Haty 3 I /2 L)

Nicolaus Stenos: El—#&@ ik, FARTT

(“Law of the Constancy of Interfacial HEBI *ﬂﬂﬁﬁ?/fﬁﬂﬁ Frankenheim 12 Hf %= [] #& F
Angles”) TR GRFHRT (Space Lattice) 32, {E/NEATT
RIRHIRE T MER— IR, BHZ4

1 15 FEMETF

4https://www.beautifulchemistry.net/crystal-structure-cn
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https://www.beautifulchemistry.net/crystal-structure-cn

Zm
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& FHBRE, BREENSET (9FRETF) EZEREEANEEREESHTIRE

B
{738
& BEEDAANISME R E A EB AR HE SR 45 R !
& BREMNMIMESENERFHERR, URELERE, LM ERRERAN.
= i, RoBEFERE, RAETENBEFREEFANNEREESH!

® ATEFHE. #HERENDEFHEINAR, RIBERERREARES HFIRF
—ISEF (FHET, Ex) MER—NLIEERT, ZBRESAPHREESH
BfEHBETNEMERRMEAPES AN, ENNEEEHEPHZR HRILA 5%
EMZHEIE SR (Crystal Lattice),

& Flt, RELEHE = 2%« &
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S pE (Crystal Lattice)

& mEPEHERTE 1848 £ HEEYEFR Auguste Bravais 12, FEUb&E K mFE (Crystal
Lattice) NFRAFHLEHETF (Bravais Lattice), AY=ZS[E4&F (Space Lattice), EFREGEIE.

RIEEEARHENHIENL

=y )
EX

QO N ERMBEHAME, BEMZRBERESS EEZIEEHREEMNH.

“A Bravais lattice is an infinite array of discrete points with an arrangement and orientation that appears
exactly the same, from whichever of the points the array is viewed.”

— Ashcroft/Mermin book, P.64
Q HUTXREMNHAEXNAERHNES
R, = nia; + nzaz + ng as, niEIN(i=1,273) (1)

€ Ry, MRAMEKE (lattice vector), HinA#A 185 (lattice point).
 a;(i=1,2,3) BEE=ATLEE (KHEXX) HEE, RAWELXE (primitive basis vector).,

® BREV ", NZEAMAEEMNE Ry =22 ma; L&, AKER
R, — Ry =(n1 —mi)ar + (ng — ma)az + (ng — m3) a3 n; € N

EX L=n;—m;, WP R, =2 La;(l e N) EXHSMEERERN SR, REL—3.
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#28 (honeycomb) #&F AR ALK TF

& RSN SEFREFHNERT: NEHR A/B ARaBEHENSBEHFAIEMR!

= {BA-BRREN—MELERH RS RFREERT ZHABETF.



http://staff.ustc.edu.cn/~zqj/assets/courseware/ssp/scripts//graphene_lattice.tex

R F AR R

& RBEN, HHERTFRIRN, &F07, AR AERREMSTER.

# RHEKmFE: n;=0,£1,42,...

#® BEEEFE: ni=N+n
n; =N +n;
(i=0,1,...,] N —1)
infinite ° 4
' T X
lattice ’,,,,0 o o
SN N
Y
o w®'
eriodi |
QO O 9 9 9 9 9 90 0 0 (peeeie no @ no+ N
) -5 -4 -3 -2 -1 0 1 2 3 4 5 ) \ lattice [
Q (
2/
° /”)

& il@ﬁ'\]aﬁﬁ& BEARTAER. BAERKEBA, EEABIUSMETREND, THURRKE
EEIE.
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http://staff.ustc.edu.cn/~zqj/assets/courseware/ssp/scripts//2d_bravais_latt.tex

ZHMRERT

& SRR FHLI4 T °

Triclinic Monoclinic Orthorhombic Tetragonal Cubic Trigonal Hexagonal
| # || # |ds] @] # || # | |a| # || # @] | @s|
a#B#n a#00° = a=f=y=090° a=8=n7<120° £90°
_A <o >
Primitive "’ l
dz i
L
lds

Base-centered

Body-centered

Face-centered

- dy
cosy = ——2
Ja| x |



http://staff.ustc.edu.cn/~zqj/assets/courseware/ssp/scripts//h_3d_bravais_latt.tex
http://staff.ustc.edu.cn/~zqj/posts/BravaisLattice3D/

Q F=iEHME
o B, R, RAMAE
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#p (Unit Cell)

® THAEFH)EEES BTIRAEM (Unit Cell) HERM.
& BEMAEEN— I TETBRMEBIHLE N ZE, FABRZEATEERLETER.

“A unit cell is a region that just fills space without any overlapping (or gaps) when translated through
some subset of the vectors of a Bravais lattice.”

— Ashcroft/Mermin book, P.73

e BRHAR— TEXLBMELH!

w EXPHEENELBHFR, BRFEFP—MERETLITHAR (parallelogram, 2D) /E4T
AHE (parallelepiped, 3D) {EA%Ha!
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http://staff.ustc.edu.cn/~zqj/assets/courseware/ssp/scripts//bc_rec_uc.tex

JRHE (Primitive Cell / Primitive Unit Cell)

& FHERTR/HEREES BTHRARR (Primitive Cell). RIESMHEH &M
# BREMARXTBREEBERENTE, FARBZELRFTERHEETR.
# SANERPRESE— MBS, RIFSSATREMR L, REMEHRLE,

“ A volume of space that, when translated through all the vectors in a Bravais lattice, just fills all of
space without either overlapping itself or leaving voids is called a primitive cell or primitive unit cell
of the lattice.”

“A primitive cell must contain precisely one lattice point, unless it is positioned that there are points
on its surface.”

— Ashcroft/Mermin book, P.71

w AR FHEX EGENETIORE /T EE R AR R
o FREt 28, BERE LERAF4E XK RIS ARE—!
e E— AR TR TR R AR AR ERE R |
® RQEAKEAD N, BRBIERA v, RBEXTEBT NkZE, BEREHTENZE, B

Nv=V = wv=V/N (2)
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TN AR TR — LT R R

& AT XA 2RI EX !

woiE FESPReFEREAEET 6 MER, BRIX 6 MERE 6 MNERXE (BRER), EkTY
BIERFAE MR,



http://staff.ustc.edu.cn/~zqj/assets/courseware/ssp/scripts//hex_pri_cell.tex

1E A& (Conventional Cell)

& 2R (Conventional Cell) B—fhiFwkiysafa: ©
# BEFERYENZERRBEITRIER LR
& ZEERIRARMRRTAMKERR
& ALEEEMER

& 15 R R AR AE

% RATHEEENE IR XFRE 0 R T 8

% RIEEISME R AT BE R S R R IR

& MIWRHRSERD, FRURERHEHRAANER
# FEHE LRFRNKETRT . RATEMERRMRIERRRE

Snttp://staff.ustc.edu.cn/~zqj/posts/Bravaislattice3D/
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http://staff.ustc.edu.cn/~zqj/posts/BravaisLattice3D/

Q Rfk=k

o Wigner-Seitz [RRf
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IR M—E2ZER (Wigner-Seitz Primitive Cell)

% Wigner-Seitz ZHIEER (primitive cell) BI—%, HERFLERF (Bravais Lattice) RILED
FFFRIE

® F 5= ERYEETFE Wigner-Seitz [RRIthiEFRAE —HEMEX (first Brillouin Zone).

& Wigner-Seitz JRRIAT LB IR 4K FiLEis (Vorono) BR8], "Bl —HREEASSE
KMBEETHRERMNELES O, °

LKk, Wigner-Seitz FEAFEE— MR (WEA D), ARMEMEIR I RELXNER
Fotk, REFETHEEEBRMSBHEME Wigner-Seitz [RH.

"https://mathworld.wolfram.com/VoronoiDiagram. html
8nttps://docs.scipy.org/doc/scipy/reference/generated/scipy . spatial . voronoi_pkgt . 2d. hitml
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http://staff.ustc.edu.cn/~zqj/assets/courseware/ssp/scripts//tikz_voronoi.tex
https://mathworld.wolfram.com/VoronoiDiagram.html
https://docs.scipy.org/doc/scipy/reference/generated/scipy.spatial.voronoi_plot_2d.html
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http://staff.ustc.edu.cn/~zqj/assets/courseware/ssp/scripts//WignerSeitz_Sqr.tex

N ARBNRRN—ELRRE
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http://staff.ustc.edu.cn/~zqj/assets/courseware/ssp/scripts//WignerSeitz_Hex.tex

RS RENBREN—ELRRE

& BEZ# Wigner-Seitz RIEERIZIES N TEX M

http://lampx.tugraz.at/~hadley/ss2/fermisurface/2d_fermisurface/2dBz.php
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http://staff.ustc.edu.cn/~zqj/assets/courseware/ssp/scripts//WignerSeitz_Cli.tex
http://lampx.tugraz.at/~hadley/ss2/fermisurface/2d_fermisurface/2dBz.php

=% Wigner-Seitz [Ffif1

& =4 Wigner-Seitz FRIBIHERMN, AARTXNMHEEEF 5%
TR TEEFSE. WRFHERRIE, TR BHEASZIER. °

s N

#1/usr/bin/env python
import numpy as np
from scipy.spatial import Voromoi

def get_brillouin_zone_3d(cell):

Generate the Brillouin Zone of a given cell.

cell = np.asarray(cell, dtype=float)
assert cell.shape == (3, 3) BCC WS CELL
PxX, py, pz = np.tensordot(

cell, np.mgrid[-1:2, -1:2, -1:2], axes=[0, 0])
points = np.c_[px.ravel(), py.ravel(), pz.ravel()]

vor = Voronoi(points)

bz_facets = []; bz_ridges = []; bz_vertices = []

for pid, rid in zip(vor.ridge_points, vor.ridge_vertices):
if (pid[0] == 13 or pid[1] == 13):

bz_ridges.append(vor.vertices[np.r_[rid, [rid[0]1111)
bz_facets.append(vor.vertices[rid])
bz_vertices += rid

bz_vertices = list(set(bz_vertices))

return vor.vertices[bz_vertices], bz_ridges, bz_facets

FCC WS CELL

Shttp://staff.ustc.edu.cn/~2zqj/posts/howto-plot-brillouin-zone/
http://staff.ustc.edu.cn/~zqj/posts/BravaisLattice3D/



http://staff.ustc.edu.cn/~zqj/assets/courseware/ssp/scripts//bcc_bz_tikz.py
http://staff.ustc.edu.cn/~zqj/assets/courseware/ssp/scripts//fcc_bz_tikz.py
http://staff.ustc.edu.cn/~zqj/posts/howto-plot-brillouin-zone/
http://staff.ustc.edu.cn/~zqj/posts/BravaisLattice3D/

B RE R4 T

% {58317 (Simple Cubic, SC)

aj;  ajp a3 1 00
2| = |agy as ass| =a |0 1 0
: asz)  Gsy  ass 00 1

= RRARREREMER, WS Ritt@Eirr. RGN

Q:al-(agxag):detAp:a3 3)
w RFERE: Po (M—EIATERME). CsCl.
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https://materialsproject.org/materials/mp-573697

B RE R4 T

% {FixiLF (Body-centered Cubic, BCC)

v W;ﬁﬁﬁg%&ﬁﬁl\ﬁﬁ (tHEdE), ERNDAHERDE, ANHEHRE, BKEH vV2a/4.
[RAEER

a3

1
Q=detAy=—det Ao = — 4
et Ap 2e 2 ()

e RRMEREA: 8. 8. 58 8. A%ERE.




B RE R4 T

% ME3ILH (Face-centered Cubic, FCC)

w WS FREE+TE®K, SIERAK o/V6, fE 60° HER. FRHER

1 a?
Q:detAp:ZdetAc:Z (5)

w RRMERME: 8. 1. £. 8. BELE. UENaCl, £RIF. &, ZnO (A%, zinc blende) ..
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https://materialsproject.org/materials/mp-22862/
https://materialsproject.org/materials/mp-66
https://materialsproject.org/materials/mp-149
https://materialsproject.org/materials/mp-1986

B RE R4 T

% BN (Hexagonal)

a 0 0
Ap = |- @ 0
0 0 lé
w WS [RRRN Mg, FRER
Q:detAp:?fc (6)

5 RFEEME: ZnO (F4EH, wurtzite) ..
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https://materialsproject.org/materials/mp-2133

Q Rfk=k

o FEFIRE
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RENSF—NEXFRREZERE, BTRMNSERARNEFINYESREA—#&, HikF
HERFBEPHRRAE.

*®

*® EEMERATSSIAE—RIFTHELZ R L XEELRRTRARI. B—EETUERARRE
K@Y, §—1MRIE—NAE, FRARE (crystal direction).,
# RigE—SKF| EESHEMESZEAMABERER:
AR =1l a; +lbas+lzas (M)
MREHA (11 b 3] FARE. BH [~h — b — ] REHRE—1ERE.
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*ﬁﬁﬁm:%ﬁ%ﬁﬁﬁ%ﬂimgimﬁﬁﬁ%!—%%&T,ﬁMEEﬁﬁﬁﬁﬁWME

® MR L <0, BEFAEETMEF. b (110 —REE[110].

%ﬁ$ﬁWﬁ,%&ﬁﬁiﬁﬁ%mﬂﬁﬁmﬁ,%%mm,ﬁ¢Wﬁmﬂﬂﬂﬁﬁiﬁﬁ¥ﬂ

# Bl A% FEM[100]. [100]. [010]. [010]. [001] FA[OOT] Fif, FBH00).

001
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RE R Z %

® BESFENERSETUERZHIIE—RIEEFT. SEHENTFERL, XEEERYS
@ (crystal plane).

& EEEHHHNER E:
O E—AHEFTHREREE—RE, EHEE=LIRH

ERIBEEH ARFE R |61, |d2, |ds| ARMREE, 124
71, 72 73, HELBMERREBEESHH:

(11d1),2|@2],3|ds]) = (21,22, 23) = (1,2,3)

(3l@1], 0 |dz2|,1]ds]) = (@1,z2,23) = (3,0,1)

Q@ 5 x; E’Jﬁ'l#ﬂ BRUNBEMEANHET, NIEE (=0,

EHH
<—1,—,1.,—>:<1,7,§>
xr1 x2 s
1 1 1
(57;2:*)_(5 w0’ 1)

Q B=ANMEHS AFUSBHRNAMER, IWEMLAZ MR
%L%fl)h’ kI, FHABEESER, BAZEATHENREER
© (hkl) =(632) (hkl) = (103)

e XM EEX HEREREESHY FEEH" (Miller Indices).
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A [ 8] BB

® EMMEEARTS {(hkl} Fox, GINMEZFRFERN(100). (010) FA001) EEH, BA{100}.
® MBS ITREENEERSMRASEERE. JLMSEENSmEERZ#HEL (hk) 218

HIXF:
el = — | P a — p—
T TRER dhkl—m, (a=b=c¢)
M7 RE dhkt = %, (a=1b+# ¢
(R + k) + &P

NARAR dhit = 2 —, (a=b#c)

VAR Rk R2) 4 (9)7 R

1

EXBE (a+#b+#c)

ERCROROE

v EEFERGEK, T & TE (8] RE N |
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NAERBH B — 4R

& ANARBEANREOMREMNFCT ZSEMETFAR, SEFPRXANMBERNAE, A6
MREANABORIRIE: (UVT W] 1 (HKIL), FRAEH—AH4EiEs 1° (Miller-Bravais
Indices). BBARX, MHMEMHEEEROAHREAIE, FOMIHE—MFHER a

a; = —(a; +az) (8)
& DEBHREMNES [vvw], BEH—FHEFSH [UVTW], AEZEREREXR:
2u—v 20— u
U= 3 V= 3 T=—(U+V), W=w

u=20+V, v=2V4+U w=W

XEEHEXRTIUETA TR IRESFE!

ua] + vag + wagz = Ua; + Vag + Tas + Was
T=—(U+V)

& DEBHREMNS (b)) SEH—FHERFSHERRXR:
H=h K=k I=—(h+k), I=1L

PLINER (110) mENMER ERBESFE 1,1, —3, o, Qs
HEBEROEIE 1, 1, -2, 0, EULHBH— 4RSS (1120).

Onttps://msestudent . com/hexagonal-miller-bravais-indices/
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https://msestudent.com/hexagonal-miller-bravais-indices/

A ALZEH Miller-Bravais $5%%

& BH—MRERRHTILE RARRIEHXIRE!

WA SR, [100] |EF001] FA%H, MRS5110] %1 [010] 4. SHEH—H
HUHEMZ G, AR ERMEREESHE, NEAR.

[001] = [0001]

[100] = [%%1_?10} = [1710]
[1o0] = [?%%0} = [2110]
010 = [%lg%lo} - [T210]
010 = [%%2%0] = [1210]
110 = [%%%20} = [1120]
== -1 -12 ==

110 = [5 5 50 = [120)
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N B SEARARER 43 I HERL T P 8, SRUEEN
ERAr i N5 2 fR 2 b A (s ETi1.1)
MBS, 7 : 0.52; KO0 H: 0.68; [HM T
0.74;

5 A O ST R N AR 45 4 1) 4 )
I AR AR IE AR ) SR 2, 4 S T il K
HNa,’5 H B AR FI YR AT AR 1) JE T TR] A

(P E51.7; kittel 1.3)

& 57 EF52.3) ) HARCy ST AT O 3 T
MEERIR 4B (100) , (1100 A1 (111)
[ H R FHEA .

@S E2.4) fFeH ST En g (111 oS
(110) [, (111) [HY5 (100) [HAIARZZ
) B [ o



	什么是晶体
	晶体点阵
	布拉维格子
	单胞、原胞、惯用晶胞
	Wigner-Seitz原胞
	晶向和晶面

	倒易空间和倒易点阵
	倒易点阵
	布里渊区




