
S H O R T  C O M M U N I C A T I O N S  775 

Table 1. Corrected structure data of Zr2A13Cs_ x described 
with incorrect space group P31 c (No. 159) 

x y z 
Zr(1) in 2 (b) ~ ~ 0.1912 

(2) in 2 (b) ~ ] 0.8088 
AI(I) in 2 (a) 0 0 0.0900 

(2) in 2 (a) 0 0 0.4100 
(3) in 2 (b) ~ ~ 0.5 

C(1) in2(a) 0 0 0.25 
(2) in 2 (b) ] ] 0.0450 
(3) in2(b) ] ! 0-6339 
(4) in 2 (b) ~ ~ 0.3661 
(5) in 2 (b) ] ] 0.9550 

Table 2. Standardized data of Zr2Al3Cs_ x in the correct 
space group P63/mmc (No. 194) 

Site C(2) is probably only half occupied. Composition is then 
Zr2AI3C 4. 

x y z 
C(1) in 4 (f) ~ ~ 0.1161 

Zr in 4 (f) ~ ~ 0.5588 
C(2) in4 (f) ~ ] 0.7050 

AI(I) in 4 (e) 0 0 0.1600 
AI(2) in 2 (c) ] ~ 

C(3) in 2 (a) 0 0 0 

atom arrangement can be described with space group 
P6a/mmc. A representation of the structure in this space 
group (Table 2) needs an origin shift of 00~ of the original 
data and the grouping of the original atom coordinates as 
follows: Zr(1) and Zr(2)--,Zr, AI(1) and AI(2)--,AI(1), 
AI(3)--,AI(2), C(3) and C(4)--,C(I), C(2) and C(5)- ,C(2) 
and C(1)--,C(3). No error limits for the adjustable atom 
coordinates were given in the original paper. Since corre- 
sponding numerical values for the two structure descriptions 
agree with each other up to the last decimal place we feel that 
the true space group of Zr2AI3Cs_ x is P63/mmc. 

While this study was in progress the M I S S Y M  program 
by Le Page (1987) to find overlooked symmetry elements 
became available to us. The computer results indicate in 
addition to the symmetry elements contained in P3 l c the 
following new ones: 63, - 1  and three extra mirror planes 
perpendicular to the basal plane. This corresponds in the final 
analysis to space group P6a/mmc. 

It was stated by Schuster & Nowotny (1980) that carbon 
voids are to be expected because of carbon-carbon repulsion. 
According to the restriction rule for the occupation of 
neighbouring octahedral interstices (Parth6 & Yvon, 1970) it 
can be assumed that the C(2) position in 4(f)  is only half 
occupied by C atoms. The composition for maximum C 
content is then Zr2A13C 4. 

which should be ½ instead of 0. The corrected data for 
Zr2AIaCs_ x described with space group P31c are given in 
Table 1. 

The standardization of the data listed in Table 1 with the 
STRUCTURE TIDY program (Gelato & Parth6, 1987) 
leads to two identical solutions for settings - x ,  -y ,  - z  and 
-x ,  -y ,  +z, which is an indication that the polar space group 
used is a subgroup of the correct one. A brief inspection of 
the z coordinates of the atoms indicates that there are pairs of 
numerical values which add up to ½ or 1. Searching the 
structure for overlooked symmetry elements we find that the 
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Abstract 

A check of recent articles in Acta Crystallographica Section 
C shows that some confusion exists about the definition of 
the equivalent isotropic displacement factor Ueq. A common 
error is the use of the non-orthogonalized tensor U for the 
calculation of Ueq in non-orthogonal crystal systems. In 
addition, a number of cases have been found where at* is  
confused with a t or B with fl, or where the wrong factors are 
used to relate Ulj or fllj to Btj or vice versa. Ue~'S for the 
different crystal systems are derived from the general 

Y Y U a a a a  expression Ueq l • , ~-'~ i j i j  l j l" J" 
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Introduction 

Since anisotropic displacement factors* are to be deposited 
the equivalent isotropic displacement factors are published 
together with the atomic coordinates. Browsing through the 
structure papers in A eta Crystallographica one can find some 
fifty different definitions for Ueq or Beq, many of which are 
definitely wrong. Consequently, the Commission on Journals 
(1986) recommended use of the definitions given by 

* We follow here the recommendation by Brock (1984) and use 
the expression 'displacement factor' instead of'temperature factor'. 
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Hamilton (1959) or by Willis & Pryor (1975). Unfortunately, 
it is not always stated clearly that the eigenvalues of the 
displacement tensor are derived from the orthogonalized 
tensor. Willis & Pryor (1975) define (u 2) = ] trace B, an 
equation which is often incorrectly applied to non- 
orthogonalized tensors. Also Prince (1982) does not point 
out explicitly in his chapter on equivalent isotropic tem- 
perature factors that Beq is derived from the orthogonalized 
tensor. A survey of all articles in Acta Crystallographica 
Section C which have been accepted for publication after the 
recommendation of the Commission on Journals (1986) still 
shows many cases of wrongly defined displacement factors. 
This short note should help to clarify the confusion, which 
also trapped the present authors on one occasion (Fischer & 
TiUmanns, 1983). 

Common mistakes 

Between August 1986 and April 1987 about 160 papers were 
accepted for publication and have been printed in Acta 
Crystallographiea C43, Parts 1-8 where the definition of the 
equivalent isotropic displacement factors is incorrect. Some 
of these cases are probably due to typographical errors, 
where the tensor expression is missing (nine cases), Btj is 
given instead of fltj (31 cases), or a~* is confused with a~ (five 
cases). A common mistake is simply to take one-third of the 
trace of the anisotropic displacement tensor, ignoring the fact 
that the matrix is not orthogonalized (38 cases). There are 
about 50 papers where off-diagonal elements are included in 
the calculation but with a wrong derivation. Actually, in most 
cases this does not change the results significantly, but this 
does occur when according to the definition given the wrong 
factors are used to relate U o or fltj to B o or vice versa (12 
cases). There do exist some papers where the equivalent 
displacement factor is taken not as the arithmetic mean but 
as the geometric mean, but one still has to note that the 
tensor has to be orthogonalized, which is ignored in 14 cases. 

The correct form of the equivalent isotropic displacement 
factor 

The following definitions are used for the elements of the 
anisotropic displacement factor: 

exp(-2n2Y iYjUtjh,hja~a~), exp(-]Y ~ yBtjhihja~a 7) or 
exp( -~  ,X sflohth). 

The general expression for the equivalent isotropic 
displacement factor is 

lit * Veq = ] Y , Y y ,  ja~ aj a,.aj, 

or, explicitly written, 

Ueq = ][Un(aa*) 2 + U22(bb*) 2 + U33(ee*) 2 
+ 2Ut2aba*b*cosy + 2U~3aca*e*cosfl 
+ 2U23beb*e*cosa]. 

For cubic, tetragonal, and orthorhombic systems this 
results in 

Ve~ = ](Vx~ + V22 + U33); 

for hexagonal and trigonal systems, hexagonal setting: 

4 Uz2 U12)]; Veq = ~[V33 + "3"(Vll + --  

for trigonal systems, rhombohedral setting: 

Ve~= ~{(aa*)e[Vlt + V~ + V33 
+ 2COSGt(UI2 + U13 + V23)] }; 

for the monoclinic system, setting with unique axis b: 

Ueq = ][U22 + 1/sin2fl(Ua, + U33 + 2U13cos/~)]; 

for the monoclinic system, setting with unique axis e: 

Ueq = ][U33 + 1/sin2y(UH + U2, + 2U12cos~)]. 

If the elements are given in B or fl the expression becomes 

U~a= 1/(24n2)Y iY jBtja~ a~at.ajor 
U e q =  1/ (6n2)~  i~.fl~lyai.aj • 

For the derivation of the estimated standard deviation of Ueq 
see Schomaker & Marsh (1983). 
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