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O 1: The c¢/a ratio of hep crystals

00 a(A) | ¢(A) | c/a

Be(180) | 2.28 | 3.577 | 1.568
Ca(4500) | 3.98 | 6.52 | 1.638
Cd(250) | 2973 | 5.607 | 1.886

B -Co 2.514 | 4.105 | 1.633
B -Cr 2.717 | 4418 | 1.626
Mg(250) | 3.203 | 5.200 | 1.624
Ni 265 |4.32 | 1.630
Ti 292 | 4.67 | 1.599
Zn 2.659 | 4.937 | 1.856
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O 2: Density of crystals with cubic system

00 00 M | a(A) p(000) p(000)

(g/cm?) (g/cm?®)
Cu fc.c 63.54 | 3.6078(18°C) 8.983 | 8.93(200)
Ag fcc | 107.88 | 4.078 10.560 | 10.50(20 0)
C diamond | 12.01 | 3.560 3.534 | 3.51(200)
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(0)case of cubic system : p: packing fraction,

O a:lattice constant, 0 ra: radius, 0 n: number of lattice points in conventional unit cell

= — 2.1
305 3 (2.1)
(1)simple cubic:
=t p= T a052 (2.2)
n=1r=g,p=g=0
(2)body-centered cubic:
3 3
neo r=Y3 o™ 068 (2.3)
4 8
(3)face-centered cubic:
2 2
ned p= Y2 o2 ooy (2.4)
4 6
(4)diamond structure:
V3 /3
n=8,r g P 16 0.3 (2.5)
4,1/4)

VI8

0 2.11: radius of diamond structure 0 2.12: height of tetrahedron

1
(5)hexagonal closed-packed: a: lattice constant, r = 3@

2 3 1
height of tetrahedron?: h = \/ja, volume of unit cell: v = a x £a x 2h = —a?
3 2 V2

dn(ra)? 3
p=2 W;’:) = WT ~0.74 (2.6)

2from Figure 2.12, (h/a)? = (v/3/2)% — (v/3/6) = 2/3
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O 3.1: X-ray scattering by a electron
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O 3: Mass Absorption Coefficients o/p for X-ray Wavelengths 0.54 and 1.0A with value of 0.4Z
[cm*/g]

Absorber | Z | 0.4Z/A | A =0.5A4 | A =1.04
H 1| 0.397 0.367 0.395
He 2| 0.200 0.190 0.244
Li 3| 0173 0.178 0.316
Be 4 0178 0.209 0.533
B 5| 0.185 0.246 0.782
C 6| 0.200 0.336 1.400
N 7| 0.200 0.438 2.210
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g(b) = / Learirby, (3.21)
r

0000000 )
¢(b) = —9(b) {Z — fx(b)}

glb)00DO0O0O0D0OO0ODOOOOO

o0 2m
g(b) = / r2dr / sin 8d6@ d¢ 27Tirb cos f
0 0 0

> ,1sin2 2 [
= 271'/ 7“2—S1n mor dr = —/ sin 27brdr
0 r wbr b 0

godg fooosin27rbrdr|:||:||:||:|DDDDbDDDDDDDDD b—eldb+c0000000O0DODOO
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0
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o e—0 4de b—¢ _5—>0 dre b—e¢ a
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)m—l

- —m —2mizy - _ (_27”?/
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p(b) = @mh)? {Z - fx()} (3.22)

gdodododooouououoouoooooouooooa
0
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4.1 0O0O0OO0O0O0O0OOOOO0O000

000000000 00m+r; (j=1,...,n)00000000000mOO000O00OO0O0

goooooaoo
3

m=> mga,00md000 (4.1)
k=1

r;00000000000000000000O000O0000 f(bh)O000O0O0D00O0000O0
szﬂ Q2T i(TAT ) -b (4.2)

gooo0ooooOoooooboOo AOO0oDbDOO0OOOO0OOOoOobOO0OO0ObOObOOOO0ODO
so0sO00000Ob=(s—sp)/A000000000

A(b) = F(b)S(b) (4.3)
b)=> £ ™P0ooooooo (4.4)
b)=> "Mmbopoooooo (4.5)

oooooodd elela; 00000000000O0O00O0O0DOO0O a7, a3, a3000000

as X as a3 X ay a; X as
ar =278 g =B 2N ngr X% (4.6)
v v v

0000v0000000000000v=a;-(a:xa;)0000000b0e;0000000
b=Y,bje;000000

mb=> m;b, (4.7)
S(b) = o(by)a(bs)o(bs) (4.8)
ogood
o)=Y T = lim W =3 s0-h) (4.9)
m=—o0 h=—occ
goooo
A(b) =D _F(b)5(b—h) = F(h)s(b— h) (4.10)
h h
gooooooooooo
Jim 1(b)/ Z |F(h)]26(b — h) (4.11)

000000ONOOOOOO0OO0OO0O0OO0O0O0@41)00O0O0D0000b=hAO0O0O0O0O0O0O0O

ggooooboooog
S — 8o

a;=h; =000 (j =1,2,3) (4.12)

gbobooobooooooooooon
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4.2 0000000 OOOOOOO0

0000003000000 ailela; 000D00O0000O00O000OO af, a3, a300000
gbooogoo

a;-a; =0 (4.13)

v* =aj - (aj xaj) = % (4.14)

(a7)" = a; (4.15)
A=(A-a))a1 +(A-a3)az + (A-aj)as (4.16)
A=(A-a1)a] + (A a)a;+ (A-as3)a; (4.17)
" =¢,05" =4,0k" =k (4.18)

0000:x000000000000000O0Bejastas0 3000000 6000000
0000000000000 (reciprocal lattice )OO OO OO OO O ( reciprocal lattice points )
googd

h = hial + hea3 + hza;00 (hy,he, A1 0 0) (4.19)

0000000 (h,he,hs)-0000000000000»0O0O0O 417)000000OO0OO
n=(n-ai)aj + (n-a2)as+ (n-az)aj (4.20)
000000 d4d0000000 A;000000d=n-a;/h;00000000000000O0OO0
n=d-h (4.21)

oo
d=— (4.22)

0a0a;00000O0000a;0a000000000000D4,4,k0001,2,30,
02,3,10,03,1200000000000000000000

o = ajag sin a; (4.23)

¢ v

COS (tj COS Qu, — COS Q5

cosa; =

R (4.24)
Sin Clj S1N Qg

0000000003 0000a; =]a;0000 af =]af|000000000000ODOODOO
gboooobooobooog

1 1
7 = F(h%all + hgazz + h§U33 + 2h1hoo12 + 2hahgoas + 2hshios) (4.25)

gooo

O = a?ai sin? a;, 0 Ok = a1a2a3(a; COS (uj COS Qv — @; COS ;) (4.26)

00004,5,k0001,2,30,02,3,10,03,1,20000000000

1 1 1 1
jap = ;a,;f(a,i X aj) = ;ai(a,j X a,;f) = v—2ai[aj X (ag X a;)] = U—2ai[(aja,i)a,k — (ajar)a;]
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4.2.1 0OO0O0OO0OO

00000 xyz00OOOOOODOO0OO0OOO0O0004,4,k0000000 B,CO000000
00000 B., By, B.,000C,, C,, C.000000 BxCOOOOOOOOODO

i j k
B x C = (B,C. — B.Cy)i + (B.Cy — B,C.)j + (B.Cy — B,Co)k = | B, B, B. |. (4.27)
c. C, C.
000000 AO BxCcOooooao
B, B, B B, B
A - (BxC) = (A,i+A,5+A.k voE e+ 4 ’ YV lk
(BXC) = (it ><‘Cy ol L il PR i
A, A, A,
O0A-(BxC) = | B, B, B. (4.28)
c. Cy C.
O0oO0oO0ojo0o0o 20 000000000000
2
A, A, A, A, A, A, A, A, A,
B. B, B.| = || B. B, B. B. B, B.
c. Cy, C. c. C, C. c. C, C.
A, A, A A, B, C,
= B, B, B. 4, B, C,
c. C, C. A. B. C.
2
A, A, A, A? AB AC
00| B, B, B. = | BA B? BC |. (4.29)
c. ¢, C. CA CB C7?
DDDDDDDDDDDDDDU:al-(agxag)DDDDDDDDDD
a? ajas aaz a? @12 COS Qi3 @1 Q3 COS (o
v’ =| aza; a} asas | =| axa;cosas a’ asas cosay |- (4.30)
aza; aszas; a? @31 COSQy  A3Qy COS Oy a?
0dov= a1a2a3\/1 — cos2 ap — cos2 ap — cos2 aiz + 2 oS arq COS (rp COS i3 (4.31)
O
000000000000000000000 (a,b,¢,a,8,)00000000000000
V3,

IZIIZIIZID:v:a3,|ZIIZ||Z||Z||]:v:a%,l]l][l[l[l:v:abc,l]l]l]l]D:v:Tac,

O0000:v=aV/1-3cos2a+2cos3a, 00000: v =abcy/1 — cos? § = abesin 3,
0000: v =abey/1 — cos?a — cos? B — cos? 7y + 2 cos a cos 3 cos 7y
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O00000000ooooO (kk)-000
a1 =azx=a,0 a3 =c,0a; =a=9000,a3 =1200

3 1
011 =— 022 :(J,ZCZ,DO'33 = Za4,|:|023 = 031 :0,D0'12 = 5(1202
goooad

1 4h>+hk+Fk N 12

S =+ (4.32)

g
gobgooboboooboooboobooboobobooa

LR+ +P

«0000:0 5 ="——"—,
1 h+k? 2
e JOODO:O ﬁ: aZ 0—2,
1 K kP
e 0ODOO:O ﬁ:§+b_2+c_2’
2 112 4 12y ain2 2
e 00000 1 (h* + k* + 1) sin” a + 2(kl 4+ lh + hk)(cos® a cosa),
d? a?(1 — 3 cos? a+ 2 cos® a)
dooo.0 1 h? +k2+ 12 2hl cos B
[ ) M _= — —_— — ,
d>  a%sin?p  b?  2sin?fB acsin?p
1 1
e OODO:O ﬁ = v—2(h2011 + k‘2022 + l20'33 + 2hk012 + k‘le3 + lh0'31)
|
gooo

00000 r (x,y,2) 00000000000 OOOOOOO
(r—dn)n =000 rn—-d=0

gboooobobobon00000O00O0O0O0DOOOOOO
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4.3 0O0U0O0OoOobObOOOOoOOoboobouooan

0000000 f000000000000000000 F(hk)OODODODOO, ;00000
00 (zj, y;, z;Mj=1,...,n00 00 00000000000000|FP0 000000000
goooood
F(h,k,1) = f(h) Y e*mizahtuikt) (4.33)
J
en=1000:
|F(h, kD[P £ (h) = |e>milahtuiktzl 2 — (4.34)

e JDODODOO(x,y,2) =(0,0,0), (%7 %7 %):IZI F(h,k, 1)/ f(h) =1+ emi(htk+1)

4 forh+k+1=000
00 [P, DR/ (R) = (4.35)
0 forh+k+1=00

e 00000000 (,y,2) = (0,0,0),(0,5,4),(5,0,3),(

20h 2

ol

,0)

(VI

)

F(h,k,l)/f(h) =1+ em'(k+l) + em'(h+l) + eﬂi(h+k)

16 for 00D00000O0DOODODOOOOO
00 |F(hk,1)*/f*(h) = (4.36)
0 for00DOO00O0O0DODOODODO
e 000D0O0O0O0D0O0O0O0(x,y,2)=(0,0,0),(0,%,4),(3,0,3),(3,5,00000000000
0oooooo (L4, hyoooooooooooooooooo

O F(h,k,1)/f(h) = {1 +€7ri(h+k+l)/2} {1 4 emilhtl) 4 gmi(htl) +€7ri(h+k)}

(

64 for OO0DDOOO0ODOO h+k+1l=4n(n:00)
5 o 0 for 00DODOOOOOO h+k+l=4n+2(n:00)
00 |F(h,k, D7/ f(h) =
32 for 0ODDOOO
K0 for 00DODOOODOODOOOO
(4.37)

e 000000ODODOOO(2,y,2) = (0,0,0),(%,2,1)
\F(h, k, D)2/ F2(h) = {1 +€2m(h+2k)/3emz} {1 n efzwi(h+2k)/3€77ril}

h+2k=3k+(h—k) 000000000000 C0O0OO0OOOOOOOOOOODOOO

(4 forh—k=3n, =000
3 forh—k=3nx10/=000
O |F(h,k, D/ f*(h) = (4.38)
1 forh—k=3n+10l=000
0 forh—k=3n,1=00
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000000000 (”X-ray Diffraction” by Warren D 00 00O

g

1. Diamond is face-center cubic (fec) with 8 atoms per unit cell, coordinates (0,0,0); (5,1, 1)
and the other 6 given by the face-centering translations.

a) Derive simplified expressions for the structure factor F'.

b) What class of reflections will be missing ?

¢) What should be the intensity of the (2,2,2) refrection from diamond ?

2. Fluorite (CaFy) is fec a = 5.45A, with 4 CaF, per unit cell at Ca (0,0,0); F (L4150, (
and the other positions given by the face-centering translations.

o
o
o
N

a) Derive simplified expressions for the structure factor F'.
b) From the f tables evaluate F? for the reflections (1,1,1), (2,2,2).

f table of F and Ca
sin(x/2)/A0 (A=) (x: scattering angle)
|00 01 02 03 04 05 06 07 08 09 10 11
F | 9.00 829 6.69 504 3.76 288 231 196 1.74 1.59 1.48 1.40
Ca | 20.0 1733 14.32 11.71 9.64 826 7.38 6.75 6.21 5.70 5.19 4.69

3. Graphite is hexagonal with 4 atoms per cell in the position (0,0,0); (3, 2, 0); (0,0,1); (2, 1,

Show that the structure factor is given by

I =even : F =4fcos’m(h + 2k)/3,
I=o0dd : F =2ifsin2n(h+ 2k)/3.

4. The Wurtzite form of ZnS is hexagonal with 2 ZnS per unit cell at positions Zn (0,0,0),
(3, 2, 1);8(0,0,2), (3, 2, ). Derive simplified expressions for the structure factor F. For
what (h, k,l) combinations will F vanish ?

5. The Rutile from of TiO- is tetragonal with 2TiO5 per unit cell in the following positions:
00000 Tio (0,00); (3, &, 1)

00000 00 (u,u,0); (—u,—u,0) (3 —w,u+3, 3); (u+3, £ —u, %)

a) Give simplified expressions for the structure factor F.

b) For what reflections will F' vanish, regardless of u 7

c) Is the Bravais lattice simple tetragonal or body-centered tetragonal ?

6. CuzAu is cubic with 1 unit of CusAu per unit cell. In the ordered form the positions are Au
(0,0,0) and Cu (3, £,0), (3,0, 3),(0, 3, %). In the disordered form the same positions are occupied
at random; consider this to be statistically equivalent to i Au and % Cu at each position.

a) Derive simplified expressions for F' the ordered form.

b) Derive simplified expressions for F' the disordered form.

c) For what reflections will F' be the same in the two forms, and for what reflections will they

differ ?
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oooood

O

1. a) F:f{1+em(h+k+l)/2}{1+(_1)k+l+(_1)h+l+(_1)h+k}

Ob)00 hkIOOD0OODOOOOOODOOOOOOOO

00 (1)0000000000000 (20000000 h+k+1-2=40000

O ¢)b) 0O intensityD 0 000 O

2.a) F = {f0a +2fF cosg(h—l- k +l)} {14 (—1)F 4 (=D 4+ (—1)h+k}
00000000000 fee, frO b= (2/N)sin(x/2) =vR2+E2+12/a000000000
Ob)00b/2000000000bu11)/2=V3/(2x 5.45)=0.159[47"]0

00 bagsy/2 = V12/(2 x 5.45) = 0.318[A~ Y0 Fly11) = 4 {fca + 2fr cos(3n/2)} = 4 fca,
00 Flazy =4{fca+2frcos(3m)} = 4(foa — 2fr)0

0000000004000 (111)00 fo,=15.60(222) 000 fo, = 11.340 fp = 4.810
goooooono |F(111)|2 = 3.89 x 103, |F(222)|2 =2.75x 10

000 CaF, 0000000000

3.F/f = 1 + e2mi(h+2k)/3 +(_1)l{1+e27ri(2h+k)/3},

OO0l=even(0O)O0 2h+k=3(h+k)— (h+2k), e +e"® =2cosz 0000000
00 F/f=2+2cos2r(h+2k)/3]0000 1+cosz =2cos’ 3z 0000000000
OO0 l=o0dd(00) 00 F/f = e2mih+2k)/3 _ o2mi2h+k) /3] giv _ o~i& — 2jging
000000000000

4.5.6.0000

0.159 — 0.1 0.318 — 0.3
4foa(iiny = 17.33 + = X (15:55 —17.33), foa(az) = 1171+ ———— x (11.71 - 9.64),

0.318 — 0.3

O fr(222) =5.04 + 01

X (3.76 — 5.04)
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5 Uuuuoboouoooobn

5.1 UOodbobObOoooon

/0000000000000 +t00000000O0000O §&()00D00O0O0O0OOOOO
ggodg
t) = LIS fi(b)e>mPrirouny2 (5.1)
l

gobooboboobooboobooboobobooboobon

[ =< I(t) >=1I szl )fu (b me (ry=rr) egmb{él(t)—éy(t)} >, (5.2)

000z =2mib{(t) -6 (#)}0000<e*>000000000000 +000000 gauss
oooooooooo

/ —e_“‘”da: (5.3)
e*000000:00000000000000000D00000O
. aoo(_l)k/oo 2% —a’z2
<eT>S=—= ) S z*e T dx (5.4)
V7L @l )
> 2k —a’z? k dk
z*"e dr = Fi,(o) 0000 OFk(a) = (—1) (o )Fo( a)0000
oo a
0000 Fy(e) =+/7/a 00000
1 3 2k —1
Fe(o) = ()" Va (—5 ) (=5 ) - (——5— ) @) (5.5)
2 2 2
goooo
k
o
>= Zm( 4a2> e (56)
1 . 2
2 — _ T _ —<=z 2
000 <z >_7?ﬂm)_iﬁmmmm<e >=e <>/

O000bs, =bs, 0000
< x? >= (2rb)*{< 0 > + < Opp > —2 < Spdpr >} (5.7)

|0/'00000000000000000000 06 OOD0OO0O00O0O0O00000000
oy =000000I00I0000000000 <dudpy >000000000000CO
gooo

(21b)% < 62 > /2 = My(b)D O ™) <0udur> _ 1 = g, (b)

gboooobooooobooooon

I[=nL+LO0000000L =1|Y fi(b)e 0Tt M®)2 (5.8)
l

00410001000000 f() - fi(be~™® 0000000000000 0O000O0000
00000000D0000000000000000000000

I, =1, Z Z fl fl’ 27rib(’l"l—’l'll)e—Ml(b)e—er (b)gll’ (b) (59)
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Omn-r/|00000000!0VO000CO0OO0OOOOO0OOOOOOUOCOOOOOOO
00000000 Temperature Diffuse Scattering O T.D.SOO0O0OO0O0O0OOOO0O

000o00o0do0o1000000000000000000(@MO00O00000D -000)0000
0000000000000l A0'000< dpdyy >0 00000009, 00000000T.D.SO

I = ILN{f(B)}?e MO {2M®) 1} = [ N{£(b)}?{1 - e72M(0)} (5.10)

0000000000 20000 <6 >=020000000000 MM OM¥OOODOODO

5.2 U00ogobobooooboo

gbobooooobo pobOobo0ooboobOobooboobOobooooboooboooboobon
gbob0o0oobOdb po 0000000 sObO0OO0O0OOoo0ocoog

p(1) = poo(T)s(r) (5.11)
0000s(r) 0000000000

1, Uro0b0oooobooon

s(r) = (5.12)
0, Or0000000000

(5.11) 000000000000 000O0DO0O00UO0 X0OOUOO0OO A)ODOOooOooooooo
gbooooooooonog

A(b) = / peo (P)s5(r) €270 gy (5.13)

O0000po(r) D000 »000000000O0O0O0DOOOOOOOOOOOOOOOOOO
gbooooo

1 —2nihr
pool(r) = — > F(h)e (5.14)
h
vO000ODD00000000000 F(h)OOODODDODOOO0OO
Flh) = / peo (P)e2 T g (5.15)
[v]
0000000000000000(.13)0 (5.12)000000
1
Ab) = - - ‘
(b) UE:FUQS® h) (5.16)
h
DDDDDS@%:/%@&”MM* (5.17)

0000000000000000000000000000000000000000000
I(b)00000D00000

1 * ! *
I(b) = — > > F(h)F*(h")S(b— h)S*(b— k') (5.18)
h R
00 Sk ObP00IDDNDNNDDNDNDNDNNDNDNONDNDDD 0000DODOONDONDNONDNNNOn
00 h#A 000000000000000000O0

I(b) = ULZ > |F(h)S(b — h)? (5.19)
h
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53 2000000 -0D00D000XOOOOOO

pgOodo0oOoOoO0OO0O0cAOOOOOOOBOOOOOOOOOOOOOOOOOODOOOOO
000000ooooooooooooooooo CsClooooooooooooooooo
g000o0ooO0oOoooooOoOOoOOoOoDOO CClODOODOO0O0o0ODo00gOgOoOg a-sitesd
000000 gsitesO0O0000D0ODOOOO0OOOOCOOO0OODOOOODODODOOODOOOO
Oro=oasitess] ADDDODOODODODOOOODO wy =a-sitesd BOOOOOOOOOO
Org=p3-sitesd BOOOOOOOOOOOO wg=p-sitesd ADOOODOOOOO
gboboooboobooobooooboo

T +we =100 r5 +ws =1 (5.20)

OD0D0O0O0Da-sitesOB-sitesO00 sites0 0000000000 O020000000000000
O000000000000000000000a-sitesd -sites0 000y, 000 ygOAOOODO
UBOODODOODOOOO 22,000 cp0 00000000 ODOODOOODOODOOOODOO

YaTa +Ypws =400 yprg + yawe = 2B (5.21)
J000o0O0ooOoOo0oo00000oDooooobOobOobOo0o0oOosSoooOooooooOoa
S=ro+rg—1l=rq—wg =13 —Wq (5.22)

000000000 rq =rg=100000 S=1000000000000 ra:rg:%lillillil
00 S=0000000000000<S<10000
0AO0OOBOOOOOOOOOO f40fp00000OOOOOOOOOOOOOOOOO

F(h,k,l) =< f >, Z€2ﬂi(hzaj+kyaj+lza]‘)+ < f >B Ze2ﬂ'i(h$ﬁj+kyﬁj+l23j) (5‘23)
o Bj
00000 < f>a=rafa+twafs00 < f>s=rs5fp+wsfa (5.24)

040000000 B-sites=(0,0,0), a-sites=(3,1,3)0ys =yo = ska =25 =1 00000
h+k+1=00000000000 F=fp+fa (5.25)

h+k+1=0000000 S000000 F=S5(fB— fa) (5.26)

gooooooon
00 g CuZn
000 g-sites=(0,0,0), a—sites:(%, %, %)EI Yg = Yo = %

h+k+1=0000 F=2zpfs+x4fa) (5.27)

h+k+1=0000 F =S(fp — fa) (5.28)

00 CuzAu
000 B-sites=(0,0,0), a-sites=(1, 1,0), (0,

L

7%)7(%707 %)D Ya = %7 Ys =

=

hk,l=00000 or 000000 F=4(zpfB+xaf4) (5.29)

hkl=000000000 F=S5S(fs— fa) (5.30)
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00 CuAul
ooag ﬁ—sites:(0,0,0),(%, %,0), a—sites:(%,o, %), (0, %, %)EI Yo =Yg = %

hk,l=00000 or 000000 F=4(zpfs+xafa) (5.31)

hk,l=000000000 F=28(fp— fa) (5.32)

50 100 200
5ok |
40—

| 220

30 | i |

20 Ji _J ; ﬁ 2 :O 211 J

el LWWJ L Ji, L L
30 (

40 50 60 70 30 20

f‘ 10

O 5.1: Diffractometer tracings of power samples of CugAu using CuK,, radiation. Upper pattern:
disordered form obtained by quenching from 600 O . Lower pattern: ordered form obtained by
annealing 20 days at 365 0 and 40 days at 280 O .
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gogoooooobobbooooo
0
1)0000ooooooood

0

Us2:.000000000000000000000O00O00DOO0O0O00OOOOOOOODOOn
gbgooooooboboboboooboobobobobobooobobobOobOobobobo
ggog

0
0)0O0O0OO0OO0O00oO0OO0O0OoOoDOOUoOOOoOooooOd

0s3: 0000000000000 000D0000000DbO0bOO0O0O0obOOoObOOooOoOoDbOon
gbgoboobooboboboboooooboboobobobobooobobobooono
gbobooooboo
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54 UOU0U0O0bOObOOOOObOOOOOn

oooooooooo (hkHODODOOOO (190000000 U0OODOO

1

Inhi(b) = F|F(h)|2 |S(b — h)|? (5.33)

ggd
h = hal + ka3 + laj (5.34)

gogboobobooob 200b00b00000n

1S (b)[2 :/ V (r)e2™ibT gy (5.35)

ggd
V(r)= / s(r)s(r' +7)dr'O . (5.36)

00000000000000000000000000000Gk) 00000 bbODOOOOO
goboobobooan

1 —2mi T
Inia(b) = U—2|F(h)|2/V(r)e 2wihr 2wl gy (5.37)
ggoogd 5
2mibr 1 " " : 2mibr cos 0 sin 2mbr
= — d df sin 0 dr = ———— .
<e >0, ey ¢)/0 sinf e r by (5.38)
0o0oooooo pOooOoOoOoooooooooooooooooon
1 b sin 27br sin 2x|h|r
Ik (b) = = |F(h)? dr 2nr? V 9.39
) = 5 PP [ ar 2mrt v 5200 St (5.39)
3 1,
V(r)=Vi(1-3Se+52°) 00000 ¢ =r/DOV, =000000 .
2sin(27br) sin(2x|h|r) = cos{2n(b — |h|)r} — cos{27(b+ |h|)r}
000000(G39)0000000000o0oooooooooo
1.0
Ia(®) = N [F)P oo {Gle ) = Gl )
RS 16n|hlbv " *
(5.40)
00002y =7D(b+|R))0 N=V,/v 000000
ogoooog
1 A 2 . 9 _| T T T
) = - (1_ sin2e sm2:r> (5.41) 4 -2 0 5 4
0 T T T

00 Gz OOODOUOOOGEx)00O0OD0D0O0O00000o00034r0ooopb0ooooooonon
(540)00 2000000000 (R)-D0O0O0O0DO0OO0OO0O0OODOO0OO AbODOOODOOOOOO

Ab = K/DOO K = 1.107 (5.42)

KOO0OOOoOooOOoOoOooooooUoUooooooooooo V() ooooooo (5)0roo
gboooooobobooooobobopoboOoboooooboobooboo0 pbDODb0OD K
g1goooooooboooboboooooooon

Abx K/pO0O K =100 p=V;/? (5.43)
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000 (phkl)DOOODODOOOO0OO0OO0O0O0O0O000O000O0O0DooOoooooooooooo
gooooooooooooooooboooboon0 L, ODOOODOOOO0DbOOoO 400000

goooooooooogooeooood

Iniy () Z |F'(h h)Jihiiy (b)
heQ

ggo

1 omi sin 2mbr
Jinriy (b) = / {LZ 2 th} by dr

(5.44)

(5.45)

R,(¢g=1,...,0) 00000 ROODODODOO|F(R)??00000 R, 000000000000
000QO00000000000 Ry(g=1,...,L)0000000000000m(h)00000

International Table 1. §3.5 O " general multiplicity factor of K1 0000000

O 4: Sectorial reciprocal subspace 2 for 11 Laue groups

Laue group subspace () conventional cell
1 >0 Triclinic
2/m h>0,k>0 Monoclinic
mmm h>0,k>0,1>0 Orthorhombic
4/m h>0,k>0,1>0 Tetragonal
4/mmm h>k>0,1>0

m3 h>k>0, h>1>0 Cubic
m3am h>k>12>0

3 h>0,k>0

3m h>0, k>0 Hexagonal
6/m h>0,k>0,1>0
6/mmm h>k>0,1>0

5.0 UUOOoobbOoOOoo4oon

fecOOOODO
cubic axis 0 a1,a2,a3 00000 af,a’,al
O hep axis O Ay, A2, A; 00000 AT, A, A;

1 1
A1:5(—a1+a2)DDA2:5(—a2+a3)DDA3:a1 +as + azl]
00000000 h=hai+kas+Llal=HA] + KA, + LA}

1 1

ooooo R:m1A1 +m2A2+%A3+6(m3)

0 1(b) = LG, (b) G (b)
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0O where
2

O G(b) =Y exp{2mib(mi A; + m2A,)} (5.49)

m1 m2

2 )
GL(b) = Nn exp(gimm) < eitm) 5 (5.50)

O with O ¢(m) = 27b{d(ms3) — d(m})}0 0 m = mgz — m}

<...>Omg—mf=m0000 mOnt, 000000000000 0OO0O0OON,, O mO00O
goboobobooon

goooooo

0000000000 «00000mO0000 AODOBOOCOOOOOOOOOOO Pa(m)
OPs(m)0Pc(m) 000000000000 0000000

Pr(m) = 2a(1 —a)Pa(m —2) + (1 — a)*Pg(m — 2) + a*Po(m — 2) (5.51)
Py(m —1) =aPg(m —2)+ (1 — a)Pc(m — 2) (5.52)
PA(m—2)+PB(m—2)+Pc(m—2):1 (5.53)

000000 PO PcO0O0OO0OOOP,000000000O0DOOO
Pa(m) +Pa(m —1)+ (1 —=3a+3a*)Ps(m—2)=1—a+a® (5.54)

0000000000000000000000000000000P,=2"00000000
0002242+ (1-3a+3e2) =000z ={-1+v3(1—-a)i}/2000000000000
P,=1/30000000000

1
Py =ca™ + 2™ + §|:| (cCe*O0DD) (5.55)

00000000 Py(0)=10P5(1) =000 ¢=¢*=1/30000000

Px(m) = é(l ) (5.56)

ggd
Pg(m) = %(1 +e" ™ +ex™™) (5.57)
Po(m) = %(1 +ex™ 4+ ¥ 2™™) (5.58)

0000e=(-1++3i)/2=e>/20000000<e?™ >0

0000 ¢y(m) =100 ¢y (m) = 2n(—H + K)/30 0 ¢_(m) = 2x(H — K)/3
oooooo
1 (for H — K = 3n)
<e?m >={ gm  (for H— K =3n+1) (5.60)
z*™ (for H— K =3n—1)

G|0bA, = HObA, =KOOOOOOOOOOOOOOO

I=1.fG(b)GL(H,K,by) (5.61)
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Y=2rb, 00000

N
I = 1. f*Gy(b) {N + ) (N —mume T 4 conj.} (5.62)

m=1
0000z =wue®and = —v/3(1 — 2a)0u = V1 — 3a + 3a2
I=1.fG(b){NDH,K,b.)+ E(H,K,b.)} (5.63)

O where
D(H,K,b,) = Gkl (5.64)
R T ) '

D(H,K,b,)000000°00e00000000540000000E(H,K,b,)000000
0o0oooo

054 000000«000000

Scos = a 000 E g™ cos(nf) = ——— 2 _ 0O005.6400000000
1 — 2ax + 2

n=-—oco
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6 UOoooooboogd

6.1 van der Waals interaction

He, Ne, Ar, ]0 0000000000000 ROO0OOdipole(000)-dipole 0000000
00 RS000000000000000000000000000000000000ROO
0000000O0000000000000000000000000000000000000
000000000000000000000Lennard-Jones000000000000

o 12 o\ 6
v =c|(%) -2(%) 6.1
== |(5)"-2(% (6.1)
goOOdo0obO0 ROOODOOODOOOOOO0 FOODOODDODOUOOOR=0o0O0O0O F=00O0O
ogoodoooooooooooobun —egoon

6.2 Madelung energy

00000000 00000000000Na000000000000000 NatOoO0OO
000000CI000000000000 CI-000Nat00000000000000000
gboooboooboooboooooooboboooooobooboooobooooobooboooon
ooopooooooo cGsoooo

2
U(R) = he~R/7 — % (6.2)

01g000b0oo0oooboooboooooobobooboobobbobob0 e00b:000D0O0O g
ooooooooooope00O0OO0ONDOOOOOOOOOOOOOOOOOO Uk O

2
_ aq 1 S5iS;
Uw =Nz " - 2 \00000a=—Y 22 6.3
tot (ze a> o szij ( )
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