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Abstract: A study was carried out of the reciprocal lattice of metal crystals with cells | and F - Brave type. The X-ray diffraction pattern
gives hkl for the F - unit cell for even values, and for | - for h k | = 2n (n is an integer). Transformation centered lattice to P — Bravais types
choose that other reflexes do not die but they are absent in reciprocal lattice with metallic crystals are absent.
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1. Introduction

In modern crystallographic literature, one can find the statement
that the reciprocal lattice depends on the choice of the unit cell of
the crystal [1].

At the same time, the radius vector of the reciprocal lattice site
can be determined experimentally by calculating the interplanar
distance. Consequently, the nodes of the reciprocal lattice can
change their indices depending on the choice of the unit cell of the
crystal. For cells of a non-primitive type, some reflexes do not go
out, because they’re points are absent in the reciprocal lattice. This
problem requires further study. The problem is relevant for metals
of cubic syngony, in which unit cells are of the F and | types [2].

2. Indices of reciprocal lattice point and unit cell
parameters

The engineering industry metallic crystals are described by
either hexagonal or cubic lattices. At the first case the unit cell gets
to P Bravais type. At the second the F and | types have place.

Parameters of the crystals (a and reciprocal lattices

)i:l,2,3

(RL) a are related by condition:
(ai -aj) =&, )

where g (delta functions) is one if j=i and it is zero if i # j. The
indices of basic RL-vectors are 100,010, 001. The radius-vector of
the RL-point F depends on the interplanar distances vector d as

*

1 *
r =—.Vectors & and r are paralleling each other.

d
It was possible to assign a weight for every points of RL as
N
F(hkl) = X fjexp2zi(hx; +kyj +1z;), )
j=1

where fj is atomic scattering factor of j-atom [1]. N is a number
atoms in the unit cell. Indices hkl are the sign indices of
crystallographic plane in crystal and coordinates point of RL and

(xjyjzj ) are coordinates of j-atom. The hkl and (xyz); depend on

the choice of a crystals unit cell.
The coordinates of gemological points in the I-cell are (000),

111 . 11 11
——— | and they in F — type are (000), | ——0O {,| —0— |,
222 22 2 2

Let the metallic atoms are placed in these point. According 2 in
this case

F(hKI) = f (L+expzi(h+k)) +exp zi (k+)+expzi(l+h)))

It means that for F — type that to (2) the F(hkl) are none zero for
metals with | — UC type.

F(hKI) = f (L+expzi(h+k+))
h+k+l=2n (n — integer number). For F — type hkl may be lither
all even or all odd. Then F{(OOl)} in both cases are zero. But

locations of the (éi*)_
1,2

. haven from (1). One says the X-ray

reflexes with indices (001) die out. The vectors ¥ in RL does not
depend on unit cells parameters because they have measure in

11
absolute scale. In a F unit cell we take a point (000), [Oj ,
22

11 11 . .
—0— |, | 0—— | and build the unit cell P — type.
2 2 22

Fig. 1. Transformation the F — unit cell to P — type.

The parameter P — unit cell are a, =by, =c, =q.
ap =Pp=rp =60°.

It means the crystallographic coordinates of the basic point in P
— type Bravey P-cell and their (xyz), analogis are differens (table 1).

Table 1. The crystallographic coordinates of point on P —and F
basis.
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X, 000 100 010 001
Xe 000 11 11 11
70 0=~ “o-
22 22 2 2

The general view of relation between d and abc, afy, hkl is the

next:
% cosy cosf 1 % cos 3 1 cosy %
%-% 1 cosa +%- cosy % cosa +%4 cosy 1 %
1 % cosa 1 cos 8 % 1 cosf cosa %
Y 1  cosy cosp ©)

cosy 1  cosa
cosf cosa 1

It means , that all parameters of the right part this equation
(known as quadratic formula) must be changed, but d is an
experimental parameter which depend on only crystal structure
[2, 6]. Then this formula gives possibility to construct relation
between parameter of unit cells and indices of X-ray reflexes for
distinguishing unit cell for a crystal.

The relation d = f (hklabcay ) is (2). Let indices of F — UC
are hkl and they are in P — UC are HKL. Then for the same:

Hig Y |1 1 Hig
%-K/q 1 %+%y2 K/q %%% 1 Kig
g % 1 Y ouq 1| Y% Y L
x L% % “
R
kot

2a
But g = —— then
2

(W% k2 413 =3H2+ K2+ 1B)—2(HK + KL+ LH),  (5)
The relations between F — UC and P — UC it is possible to see
in the table 2.

Table 2. The relation between indices of cubic F — Bravais unit cell
and P — unit cell for the same crystal.

222 12 222 410 43 533
300 27 511,333 411 36 600
310 24 422 420 44 622

We can see that points of RL for F — UC with mixed even-odd
indices are absent.

The table 3 contents the indices of vertices P — UC (HKL) and
according to them indices of cubic RL.

Table 3. The vertices of P — UC (HKL) and their analogies in cubic
RL (hkI)

Ne 1 2 3 4 5 6 7 8

HKL | 000 | 100 | 110 | 010 001 | 101 | 111 | O11

hkl 000 | 711 | 002 | 171 | 111 | 020 | 111 | 200

{HKL} Zhiz {hki} {HKL} » hiz {hki}
100 3 111 311 19 331
110 4 200 321 20 420
111 3 111 322 19 331
200 12 222 330 36 600
210 11 311 331 27 333,511
211 8 220 332 24 422
220 16 400 333 27 511,333
221 11 311 400 48 444

Fig. 2. Relation between P — UC and cubic RL (namber Bravais
unit cell accordingly tabel 3)

Thus if one takes the F — in three closed packing the point of RL
with mixed even-odd indices are absend. In this case needs to cubic

super cell with parametr éjs = 25? (see (1)). S — indices super

cell. The thesis about super unit cell are followed from analyses of |
and C —type UC [3, 4].
For the cubic | — unit cell the points as a basis it is taken the

111
radius-vector of the point 100 and 010 and ——— (fig.3).
222

v

Fig. 3. Basis-vector in the | - UC

If parameter of | — UC are a:b:c,a=,6’=7=900.
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Then parameters of P— UC are A=B=a, C =a—,

2
CoSay =CO0S S = %
p p /{3 p

P —UC is the next:

=90 . Then formula (3) for

H 1 H 1 H
=0 L H
a N&) a B 1o a
H| K 1| K K 1| 2L K
— = 1 —=4—0 — —H—=0 1 —
ala Bl a a B a3 a
2L o 4| Lo2L 1 1 2L
1 a3 BB af3 VB B aBe 6
97" 1 (6)
d 1 0 —
Ne
1
0o 1 =
NG
1 1
B B

where HKL are the indices of P — RL for P — UC. For | — UC as

1
before the signs of indices are hkl. From formulas —- = f (hkl, a)
d

1
and — = (p(HKL, a) we obtain the relation between hkl and HKL
d

for the same interplane distance.

h? 4 k2 412 =2(H? + KZ 425 s HK —2KL—2HL)  (7)

The basis of P — UC of RL are 001, 010, 100 and indices of the
other vertex of UC are 110, 101, 011,111 and 000. For these P — UC
of RL with unit cell in crystal and for several of the indices HKL
there are relations in the table 4.

Table 4. Relations between indices HKL (P — type unit cell) and hkl
(I type — unit cell).

HKL h2+k2+1? hkl
001 4 200
010 2 110
100 2 110
110 6 211
101 2 101
011 2 101
111 2 110
200 8 220
002 16 400
210 14 321
201 8 202
211 10 310
112 14 123
300 18 411
003 36 600
310 26 510
301 14 321
103 32 440
311 14 312
113 18 411
400 32 440
004 64 800

The first seven points (plus (000) — point) are the vertices of P —
UC in RL. At the hkl column the forms of crystallographic planes
indices are presented.

One can see that independently of indices of P — RL points
corresponding them indices the same points in | — RL always have
the even sum.

The cubic metals are presented in the table 5 [5, 6].

There are the metals with F —and | — type of unit cell. Therefore
there are the parameter a for all objects.

Table 5. Unit cell parameters of metals with face centered and
internal centered Bravais unit cell

48

F |
No | elem | element No | elem | element
ent number ° ent number °
in the a, A in the a,A
Periodic Periodic
table table
1. | Li 3 4379 | 1. | Li 3 3,509
2. | Al 13 4,049 | 2. | Na 11 4,290
3. | Ca 20 5582 |3 | K 19 5,344
4, | Mn 25 3,855 | 4. [ Ti 22 3,306
5. | Fe 26 3646 |5 |V 23 3,025
6. | Co 27 3544 | 6. | Cr 24 2,884
7. | Ni 28 3523 | 7. | Mn 25 3,075
8. | Cu 29 3,614 | 8. | Fe 26 2,866
9. | Sr 38 6,084 | 9. | Rb 37 5,710
10 | Rh 45 3,804 |10 |Y 39 3,90
11 | Pd 46 3,800 |11 | Zr 40 3,600
12 | Ag 47 4,085 | 12 | Nb 41 3,300
13 | La 57 5285 | 13 | Mo 42 3,147
14 | Ce 58 5162 | 14 | Cs 55 6,079
15 | Yb 70 5486 | 15 | Ba 56 5,019
16 | Ir 77 3,836 | 16 | La 57 4,26
17 | Pt 78 3,923 | 17 | Ce 58 4,11
18 | Au 79 4,078 | 18 | Pr 59 4,13
19 | Pb 82 4,950 | 19 | Nd 60 4,13
20 | Ac 89 5311 | 20 | Sm 62 4,07
21 | Th 90 5,084 | 21 | Eu 63 4,582
22 | Pu 94 4637 |22 | Gd 64 4,06
23 | Am | 95 4894 | 23 | Hf 72 3,545
24 | Ta 73 3,302
25 | W 74 3,165
26 | TI 81 3,882
27 | U 92 3,524
3. Conclusion

Thus it in the crystal lattice the centered unit cell (F, I, C -
types) are taken then it needs to analyses super unit cells. For F and
I-UC

(a{;.a)j

For complicated structures n may be more then 2. For the

diamond (5:-5) =4,

=2 and forC - UC (5;5):(5;5):2 but (E:-E)zl.

To speak that some reflexes die out is not true because
according with then points of RL are absent.
The reciprocal lattices of crystals are the displacement the point

with ¥ are determined by crystals. For the RL conception of
centering does not used. The centered may be only unit cells of non
— primitive Bravais types (F, I, C, AB). In these cases it need to take
the super unit cell.

The localization of the point RL must be analyses on the base of
P — type unit cell. In this case it is possible to see that same reflexes
do not died but their point RL are absent ( for | -type h+k+l=2n+1
and for F -type hkl must be the same evens.

About this conclusion it is necessary to remember when one
analyses the energetic properties of crystals because the weight of
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RL — points related with wave vector. The later is used for example 3. Glaser A. Crystallography, Oxford University Press, 2016.

for investigation of wave function. 140 p.
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