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The Crystal Structure of N,N'-Diphenyl-l,8-diaminoanthraquinone 
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The crystal structure of N,N'-diphenyl-l,8-diaminoanthraquinone has been worked out with three- 
dimensional X-ray intensity data. There are two molecules in an orthorhombic unit cell, the twofold 
symmetry axis of which coincides with the twofold axis of the molecule. 687 structure amplitudes were 
used for the refinement, resulting in R= 7.3 %, and standard deviations of 0-007/~ in the atomic co- 
ordinates. The phenyl rings are inclined by 61"8 o to the anthraquinone nucleus, which itself is not quite 
planar. There is a likelihood of hydrogen-bond formation between the two nitrogen atoms and one of 
the oxygen atoms, of length 2-578 A. 
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Introduction 

The crystal structure determination of this compound 
was undertaken as part of our investigations of the 
shape and properties of substituted anthraquinones, 
and because it formed an isomeric pair with N,N'- 
diphenyl-l,5-diaminoanthraquinone, the structure of 
which has also been determined (Bailey & Brown, 
1967). Good dark-blue crystals were readily obtained 
by recrystallizing the reaction product of 1,8-dichlo- 
roanthraquinone and aniline. 

Experimental 

Unit-cell dimensions were determined from both rota- 
tion and Weissenberg photographs about each of the 
principal axes. The crystal symmetry is orthorhombic 
and the axis lengths are 

a=21.312, b--9.205, c=4.855 A. 

The space group, derived from the absent reflexions 
{h00} with h odd, and {00l} with l odd, is P2122~. As 
there are only two molecules in the unit cell, it follows 
that the twofold axis of the molecule coincides with 
the twofold axis of symmetry of the lattice. The density 
determined by flotation in sodium iodide solution was 
1.360 g.cm -3, compared with 1.361 required by the 
X-ray data. 

Intensity data were obtained from Weissenberg 
photographs about b (zero layer only) and c (zero and 
four layers) by comparison with a time-exposure cal- 
ibrated film strip. The usual correction factors were 
applied and the structure amplitudes placed approxim- 
ately on the absolute scale by Wilson's statistical 
method. Further scaling was done on the computer. 
No allowance was made for absorption or extinction 
as the crystals used were very small needles. 

Determination of the structure 

The trial structure was very readily determined from 
considerations of the unit cell and space group; the 
limitation of having the twofold molecular axis lying 
along b enabled a set of x and y coordinates to be 
written down which gave a number of F(hkO) in ap- 
proximate agreement with the values observed. This 
[c] projection was refined by successive Fourier syn- 
theses and structure factor calculations. Approximate 
z coordinates were then deduced by geometry. Three- 
dimensional refinement then followed on the computer, 
using programs written by Cruickshank & Pilling 
(1961). Anisotropic temperature factors were calcu- 
lated and hydrogen atoms were included at their calcu- 
lated positions assuming C-H and N - H  to be 1.08 ,~, 
but these were not refined. After several cycles of struc- 
ture factors and least-squares calculations, all the 687 
terms were included, and the R value was 7.3%. The 
shifts indicated by the last cycles for both the posi- 
tional and thermal parameters were less than one-half 
the standard deviations. The final set of coordinates 
is given in Table 1, and the comparison between ob- 
served and calculated structure amplitudes is shown 
in Table 2. 

Description of the structure 

Molecules of N,N'-diphenyl-l,8-diaminoanthraquin- 
one exist as separate identities in the crystal lattice 
with only van der Waals forces holding them together. 
The bond lengths and angles are shown in Fig. 1, to- 
gether with the numbering of the atoms used in this 
work. The mean C-C distance in the benzene ring is 
1.383 A~, compared with 1.382 A in the 1,5-isomer. In 
the outer ring of the anthraquinone nucleus the C-C 
length is 1.391 A~, compared with 1.396 A in the isomer 
(Bailey & Brown, 1967). The C = O  distance (1.218 A) 

A C 2 2 - 4  
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is shor te r  when  the oxygen a t o m  does no t  accept  a 
h y d r o g e n  b o n d  t h a n  when  it does (1.250 ,~). Examina -  
t ion of  the sys tem where  h y d r o g e n  b o n d i n g  ( N - H - O )  
migh t  occur  shows d is turbances  in the no rma l  bond  
lengths,  s imilar  to those  found  in the 1,5-isomer. Be- 
cause this  effect is f ound  in two structures,  there  is a 
s t rong  p robab i l i ty  tha t  C(1), N,  H(1), O(1), C(7) and  
C(6) are involved  in a r esona t ing  r ing system. The  

C ( 1 ) - N  and  C(7)-C(6)  bonds  are shor te r  at  1.358 and  
1.467 A than  would  be expected,  while the C(7)-O(1)  
and  C(6)-C(1)  bonds  at 1.250 and  1.432 A are longer  
than  usual.  It would  be an  in teres t ing s tudy to investi-  
gate how the lone pai r  e lectrons f rom the oxygen and  
n i t rogen a toms  con t r ibu te  to these effects. 

The  equa t ion  of  the mean  p lane  t h r o u g h  the an- 
t h r a q u i n o n e  nucleus is 

x/a 
C(1) 0.0860 
C(2) 0"1226 
C(3) 0"1199 
C(4) 0.0800 
C(5) 0.0424 
C(6) 0.0434 
C(7) 0 
C(8) 0 
C(9) 0.1345 
C(10) 0.1145 
C(l l )  0.1594 
C(12) 0.2219 
C(13) 0.2422 
C(14) 0.1984 
N 0"0892 
0(1) 0 
0(2) 0 
H(1) 0.0554 
n(2) 0.1536 
H(3) 0.1499 
H(4) 0.0775 
H(10) 0.0650 
n ( l l )  0.1443 
H(12) 0.2557 
H(13) 0-2918 
H(14) 0-2137 

Table  1. Atomic parameters 
The values of B~j are defined by the coefficients in the 

exp [ -  ¼(h2a*2B1] + 2hka*b* B12 + ...)]. 
formula 

y/b z/c 
0.4478 0"3628 
0"3639 0"5419 
0"2137 0.5382 
0"1441 0"3676 
0"2206 0"1882 
0"3729 0"1841 
0"4496 0 
0"1377 0 
0"6788 0"5085 
0"7815 0.6931 
0"8636 0"8325 
0.8446 0"7858 
0"7399 0"6048 
0.6572 0.4594 
0"5951 0"3584 
0"5854 0 
0"0054 0 
0'6529 0"2340 
0"4174 0"6856 
0"1516 0"6732 
0"0270 0"3717 
0"7985 0"7296 
0.9439 0"9806 
0"9121 0"8915 
0"7217 0"5751 
0-5774 0-3109 

BI i B22 B33 B 12 B23 B13 
4.03 6.21 3.71 0.19 0.42 0.49 
4.19 6.64 4.78 0.77 1.65 -0.35 
5.16 7.68 5.32 1.03 2.40 1.67 
4"52 5"61 5"55 0"75 1"05 1.56 
4"75 4"93 4"30 0"34 0.33 1.64 
3"67 4"79 4"40 0.22 0"26 1 "20 
4"41 4"12 4"73 0 0 0"48 
5"73 4.19 6-30 0 0 2-65 
4"78 4"73 4"49 0-18 0"79 - 1"24 
5"59 3"87 5"64 0"19 0.66 -0"67 
6"62 4"70 5"46 0"24 -- 0"41 - 1"28 
5"80 5"92 5"57 -0"01 -0 .20 - 1"29 
4"68 8"01 5"91 - 0"19 0"77 - 1"54 
4"86 6.89 4.86 0.41 - 1.27 0.18 
5"65 4"92 6"89 0.44 0"42 - 2" 14 
5"20 4"83 6"34 0 0 - 3"25 
8"24 4"84 7"98 0 0 0.31 

Mean isotropic B= 5.08 

Mean isotropic B= 6.28 

Mean e.s.d, for coordinates=0.007/~,, for Bu=0.30 A2o 

1 , 3 ~ c ( i  I 
11~n.3 C(10) L ~36(~ 2) 

I 
120'9~ 9"5 I ,~ '7  196 H(1) 1.435/C(9) C ( 1 3 )  

\119.2/1 . . . .  0(1) . . . .  % . '1397"?'-,c(14) 1397 
v 124.2[-- II 2. 78 - I  

[ II '25° 11.358 
122"2~20'2 118.7 (~'(7) 1.467 /C(1)L 1 401 

~ 1 1 7 " 6 ~ 1 2 2 " 5 ~ 1 2 2 " 6 ~ C  6 '/~1 " 4 3 2 " ~  
r121.3 118.8-"~ 18.7 (,) c(2) I-- "I 14°21 [1384 
1~0"6 120"8~20"7 C(5) C(3) 
~ 1 2 0 . 8 . ~ 1 1 8 " 5 ~  118"6 ~.~..,,,.,:'~ '377 ~/~..~ A o 

v ~ .  ( ) /"~l.~u ~r"(A%" , ,.j..rj 
120"7 ~1 "8" ~'-'J 

11,=18 
0(2) 

Fig. 1. Bond lengths and inter-bond angles. 
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Table 2. Observed and calculated structure amplitudes and phase angles 

H K L FCOeS) rCc~c)  OC 

• o o 49.8 $z .9  o 
4 o O • :  o •Z*6  : 8  O 
6 o 0 • 6 . o  •4 *9  18o 
8 o o 4 3 , 4  46.  ° o 

10 0 o 19.$  • o . 8  0 
Z• o o 4 . $  3*6 o 
~4 o o ZO. :  9*Z o 
16 o o 8 .6  7 .8  o 
• o o o 3.8 $ . •  o 
• • o o 7*$ 7o •  o 
• 4 o o I z . :  I • . 7  o 
• 6 o • 6 . o  $*9 o 

o x o 4 o . 7  $9* •  18o 
Z : 0 S$ .8  • 6 , :  9 • 
• z o • $ . $  • $ . 8  18o 
$ z • 7 o . 3  6 7 . 8  9 ° 
4 z o I 7 . 4  1 7 . 3  o 
$ X o • 7 * 3  •$*7 s7  o 
6 z o 17-~ 16 .7  o 
7 • o 6 , o  $ ,3  9o 
8 , : : .8.,3"• :~:!  •7:  

Z* Z o 1 4 . •  Z$*Z 180 
Z: Z 0 3 .8  • ' 7  J70  

: ;  : : , l : . i  3.$ 
z $ . 3  • 7 :  

18 z o 6 . 6  7 . o  • 
so Z o 3 ,8  3o9 18 o 
• • z o $ . •  $*7 18o 
• 3 z o 6 , o  6 , $  9o 
• 4 : 0 4*$ 4*$ | 8O 
• $ : o 3eo 4*0 9 ° 
• 7 Z o 3 , 0  • * 4  90 

o • o $4*9 $4* 8 18o 
Z • o • o , o  19*7 9 ° 
• • o 4 1 . o  4 4 * •  • 
$ • o 19e3 19 .3  9 ° 
4 • o • 4 " 7  • 4 .  ° o 
$ • o 3 ,o  •e9 J7 0 
6 • • • : e o  • • . 9  o 
7 • o 8 ,  4 8 . 7  •7  o 
8 • o Z$o4 xz ,8  : 8 o  
9 • 0 X l .  4 Z•*O 90 

z* • o • 4 * $  • 4 . 6  o 
zx • o • $ *7  • 6 . 9  9o 
z•  • o 35 - •  3 • *$  o 
13 • o 7 .z  7 .6  9o 
Z 4 • 0 : $ . o  18.~ o 
: $  • o : 4 . o  z 4 . 6  9 ° 
I6  • 0 $* •  $*4 I80  
17 • o $ ' 4  $*4 • 7  ° 
• z • o 3.9 4 ,$  9 ° 
• • • o $*4 4 . 3  o 

o 3 o : • . 6  Z•o7 18O 
x $ o 3 ,o  3 .7  9 ° 
• 3 o • . o  • . $  18o 
3 $ o $.o $ ,o  9 ° 
4 3 o 4.3 $*7 o 
$ 3 o z • . 6  1 3 . $  • 7 o  
6 3 o x $ . •  15.9  o 
8 3 o 3*9 $*7 o 
9 3 o $*4 $,6  9o 

Io $ o 3.o • o 4  18O 
xz 3 o 4,3 4*4 • 7  ° 
I •  3 o I 5 . 8  16* 7 18O 
14 3 o 3*4 • *9  z8o 
z6 3 o 8 . •  9*9 o 
17 3 o 3o9 4*3 9 ° 
z8 3 o $*4 6 .  4 z8o 
19 $ o 3*9 4*4 ~7 ° 
• o 3 o 3*9 3* 6 o 

o 4 o 35 .9  34 .I 18o 
I 4 o I 3 . o  14.O •7  ° 
3 4 o 4"9 4 . I  9 ° 
4 4 o Z • . $  I • . 6  o 
$ 4 o 3*9 4*$ 9 ° 
6 4 o 3*9 4*4 18o 
7 4 o 3 . o  •*9  • 7  o 
8 4 o 14*4 1 4 . 7  o 
9 4 o 6.  3 7*4 9 ° 

X* 4 o 3 ,o  3 . 3  z8o 
Iz 4 o 3*4 So= 9o 
z3 4 o $ ' 4  3 " :  9 ° 
14 4 o 8 .  9 9*Z 18o 
IS 4 o $o4 6.z  • 7  ° 
16 4 o $*4 $*$ o 
17 4 o 3*9 4*$ 9 ° 
19 4 o 3*9 4"$ 9o 
• I 4 o 3"4  3.$ •7 ° 

o $ o $ $ . •  3 5 . $  • 
• $ o • 8 . $  • 9 . $  o 
$ $ o z4"z  z $ . z  • 7 o  
$ $ o : 3 * $  13o9 9o 
6 $ o $ .s  $*9 1 8 •  
7 $ o 3 , o  •o8  17 o 
8 $ o 6,  4 7*Z • 
9 $ • 3*4 z~:~ • 7 :  

Io  5 o 9o7 
z•  $ o 3 - 4  $ .8  : 8 o  
z$ $ • $*9 3 .o  ~o 
14 $ • $*4 $*3 x 8 •  
: ;  j : $.4 $., .,- 

$ . s  4*7 o 
• 4 $ • 3 ,e  5 ,o  • 

o 6 o 3*4 4"g  • 
• 6 • 6e4 7 e l  | 8 o  

: : i  + ' '  " '  ":i 4"9 $ .8  
6 6 9*7 9 *8 
7 6 0 6o9 6 .8  90 
9 6 • 9 , o  9*6  •7o 

H K L F ( O ~ ) F ( C A L C ) ~ C  

X: 6 o I 8 .  3 • o .  7 •7 o 
Z• 6 o $*4  6 .7  X8O 
I3  6 o 9*4  9 . •  •7 ° 
14 6 o $*4 $*9 • 
Z$ 6 o 3*9 4"4  •7  ° 

o 7 o $ . •  6 .x  o 
z 7 o 3*4 3 . •  9 ° 
• 7 o 3*4 • . z  o 
3 7 o $ . •  $.z  9o 
4 7 o 9 .o  I o . 8  o 
$ 7 o 3*9 3.8 •~o 
6 7 o 3.9 3 . 7  o 
9 7 o 3*9 4 "8 9 ° 

ZO 7 o $ ' 4  6 . :  0 
| I  7 o I • * :  I • . 8  9 ° 
z•  7 o • o .  9 • z . z  o 
13 7 o $ . 4  6.8  9 o 
14 7 o 1 1 . 8  X • , •  0 
X$ 7 o 3*4 3*$ •7  ° 
Z6 7 o 3*4 3 , •  z8o 

o 8 o $ .4  6 .$  o 
z 8 o 3.9 $ .3  •7 ° 
3 8 o 3-9 3* I •7 ° 
4 8 o 3.9 $.9 o 

o 9 o 6 .6  7 .6  • 
1 9 o 7.6  8 ,8  9 o 
• 9 o 3*9 4 " •  o 
3 9 0 $04 $.6  90 
$ 9 o 3 .9  3 . 4  •7  o 
6 9 o 3.9 3 .6  o 
8 9 o 3-4 3 .7  o 
9 9 o 3 . 4  3 * •  9o 

o 1o o 3o4 • . 8  zBo 
Z 10 o 3*4 3 " I  •7  ° 
• 1o o 314 • . •  o 
3 z* o 4"9 3.9 9 ° 

o zz o 3*9 404 z8o 

x o 1 18.8 JOe] 18o 
• o 1 z o . :  9*$  18o 

o z 9 8 . 9  97.9  o 
o X 74"$  7 6 . 8  Z8o 
o Z 9 4 . •  9 • * 3  o 
o z 37.6 39.1 zSo 

7 o z 35.8 3 7 . 3  o 
8 o : 3 . •  3 -3  o 
9 o z 1 o . 8  x z . $  18o 

z* o : • $e8  • 7 * o  o 
11 o I 1101 I o .  3 o 
1• o Z 8 . •  7.6  18o 
13 o Z Z$ . •  15*7 o 
16 O 1 701 7*1 18 O 
X7 o x $0•  5 .8  o 
18 o 1 1 • . o  zo.  9 o 
I9  • : Z$ . •  1 6 . •  o 
J* o I zo .6  z z . :  o 
1I o Z S*•  4*7 o 
• 4 o Z 3.o  • . 8  18O 
• $ o Z • * 4  • . o  18O 
• 6 o z • * 4  • * 7  z8o 
• 7 o z 3 . 4  4*$ • 

o Z I 1 8 . •  19.8 9 ° 
Z Z Z $o .  7 $ • , 3  •97  
• I z 36,o 3 7 , •  341 
3 z x 3 • * s  3 5 . $  • o 4  
4 z I 3 6 . 4  $6 .8  84 
$ X : 36.X 3 6 . 7  •$6 
6 : I 7*9 8.8  19 
7 Z I $*•  $ . z  •$9  
8 I I I | e •  : : e $  •o6 
9 : I : $ . 6  16 .o  •9 z 

x* x z 6 . 4  6 .$  • 4 5  
zz x : 3*9 3*8 76 
z• z I 3*o 3 *o • $ 4  
14 Z I 6 . 6  6 .  7 336 
z$ : z 3 . 4  $.8 6 I  
I7  z z 9 * :  9 . I  z•6 
18 Z X 9 * •  9*7 • • 6  
19 z z 3.9 $*4 173 
a* I z 7 .$  7 .6  ZZZ 
• • I X 3*4 • *6  1 I I  
s7 1 Z =.6  $ - •  • • 4  

o • : 3 6 . 4  $8 .  4 •7  o 
I • s $ I . 6  $ • *3  3o$ 
• • z 34"3  3 3 . 7  I 3 6  
3 • : 8 .8  8 . 6  • • 8  
4 • z 14,9  1 6 , •  85 
$ • : :Z*Z 1 I . $  •6  
6 • Z •Z*7  • $ . o  3• 
7 • 1 $•o6 35,6 • •  
8 • z 3 1 , •  3z*z $9 
9 • I •6oZ • 8 . :  •3  

z* • z 6 .6  6*7 z • $  
Z: • Z 3 .0  • . 8  IZ6 
Z• • Z 3 .0  $.Z 99 
Z4 • I 6 ,6  6 ,6  194 
Z$ • Z Z•e :  : 3 * :  3 •~ 
16 • : 6o•  6 , $  83 

: i  : 1 : o . 6  : o . 6  zz~ 
9 . •  8*9 

19 • z 3.9 $ ,6  •76 

o 3 : • • * 4  • * e l  • 7  • 

' I ' 9 , •  , o . •  ' : 2  
• : l l . 8  Z7*6 14 
$ $ : • 7 * 7  1 4 - 9  9 
4 3 : •Oe• :Be •  35•  
$ 3 I Z4"8 1 3 . 8  168 
6 $ : 7*7 6 .9  z44 
7 $ : 180o Z6,  4 • 3 4  

H K L F (OB.~)F(C~C)OC 

8 3 1 8 . 4  9 .1  • 5 3  
9 ~ z $ ; 7  4"8 138 

1o 3 1 13*•  1 • . 3  135 
IX $ : ZO* 7 1004 34 
z•  3 x 5 . 7  $*•  311 
x$ $ X 4.9 4 *0 •3  
13 3 1 ZO*$ 1 o . 2  • • 3  
16 $ X 8 . 4  6 , o  347 
z8 3 x 3.8 3.8 3$ 
• o $ x $ .8  3 .o  17•  

o 4 z " 4 . $  • • * $  9 ° 
x 4 x I 5 . 6  1 4 * ,  $8 
• 4 z X•oZ zx*3 314 
3 4 1 8 . 8  9 . 3  XX4 
4 4 x • 3 . o  • z . o  336 
$ 4 X Xo.6 90X 1=4 
6 4 X 3 ,o  $* •  146 
7 4 Z $ . 7  6 . 4  164 
8 4 z 11 .8  1o .  7 158 
9 4 1 3.o • . •  35 o 

X* 4 1 3 . o  • . 8  XX6 
:z  4 z $ . 7  $ . 7  3 z 
z•  4 z 4 .9  4 .9  333 
13 4 z 3*4 = .7  • o •  
z4 4 x $*•  $ . z  116 
x$ 4 x $ . ,  5 . 7  x•  
z7 4 x $*4 4"4  •o8 
x8 4 1 5 . 4  4"4  "87  
x9 4 1 3,8 3.= x68 
• o 4 z 3*4 3 *°  184 

x $ z $ . 7  $ . 6  41 
, $ x 4*9 4"3  • 1 4  
3 $ x x5,9  14*o 348 
4 $ x 9*4 8,8  181 
$ $ 1 19*= xS.x  357 
6 $ x x•* 4 11*9 • 1 4  
7 $ x 8 .9  9 . 6  43 
8 $ z 6 .  4 7 . o  135 

1o $ z 60o 6 .  4 313 
z• $ x 3 . 4  4"3  7z 
13 3 z 3.8  4*4 3 • °  
z 4 $ z 3,8 $.6 • • o  
z$ $ z $ . 4  $ .7  $7 
17 $ z 3,8 3 .o  a64  
18 $ z 6 .$  6 . •  •7 
~o 3 z 4 . 5  4.  6 336 
• z $ x 4"3 3,6 335 

1 6 z 6 .  4 6 . 0  xxI 
: 6 x 4 . $  3 .8  17 
$ 6 x 4 . $  $ . 6  3• •  
$ 6 1 6 . 0  6 .1  =$6 
6 6 x 7 . 7  7 . •  "94  
7 6 z 7 , o  7 . 4  "45  
8 6 1 1 5 . 9  x4*9 26x 
9 6 x 7 . •  7 - 4  •68  

xx 8 1 7 . 4  6 .  4 •86  
x 3 6 x $ . 4  $*$ 45 
z 4 6 x 3 .8  3 .7  317 
IS 6 z 1o .6  xoeo I • •  
16 6 z 8 . •  7*9 •64  
z 7 6 x 4 .9  4*1 86 
x8 6 I 4*9 4 . 3  • • 7  

z 7 z 8 . z  8 ,o  354 

I I *  $.4  3 . • , 4 ,  z 5 . •  $ . 3  179 
$ 7 z 8 . •  8 .6  z•  
6 7 z z4*8 z$*•  45 
7 7 x x , * 9  13.9  • 6  
8 7 Z ZO.6 11*$ •6 
9 7 1 zo .  7 1 1 . 8  • 4  

1o 7 Z 3.8 3*X 7 
: •  7 Z 5 - 4  5 . 4  •Z~ 
14 7 z 5 . •  4 . 7  97 
IS 7 x 6 . 3  6 . 9  3•7  
16 7 1 4"9 $ .4  z3z 
17 7 x $ . 4  6.o  351 
18 7 x 4"3  3"5  17 ° 
19 7 Z 4*3 303 353 

o 8 : 3 .8  3o4 • 7  ° 
: 8 z 308 $ .6  35•  
3 8 Z 7 , 4  7 *8 94 
4 8 z 5 . 4  $0o •o8  
6 8 z $o4 5 -$  =35 
7 8 z 3.8 • . 7  3 •6  

x 9 : 5 , •  3-9 • 7 6  
$ 9 z 5 . •  5 .8  343 
4 9 z 7 - •  7 .  8 83 
$ 9 1 3*4 308 318 
6 9 x $ * •  5-3 z4z 

x* 9 : 3 ,4  ~*$ 87 
:Z 9 Z 4*$ 3* 8 44 

o o • • 4 . 5  • • * 9  o 
z o • 8 .  4 8 .6  o 

i ° i 9 "7  8"8 ° o Z$.8 za .$  o 
o • * 4  • , 3  18o 

6 : : • 8 . 3  31.4  o 
7 4*3 3 . •  x8o 
8 o • 36.9 38,$  o 
9 O • 40cO 41o5 180 

11 °o • o • =4-3 • 3 . 3  
1506 13*4 18o 

1• o • 61o $ .o  o 
IS o • z o . :  9 . o  o 
14 o • 13*3 : • * $  o 
15 o • • 6 . 6  • $ . •  o 
16 o • 19.6 19 .$  o 
17 o • 3-4 • . 7  o 
19 o • 3*4 •09 z8o 

H K L F C o ~ s ) F ( C A L C ) O f .  H K L F ( O B S ) F [ C X L C ) O L  
• | 

o x • 1 7 , •  1 6 . 6  z8o 6 7 • 5 " •  4*4 $36 
: z • 3 ,o 3"3 $9 : •  7 • 3 ,4  3*:  s9  
• l • • Z . $  16*7 $ZZ I7  7 • • . 7  •09 : $8  
$ z • 19.$  Z6.8 •36  18 7 • • 0 4  % 4  33 ° 
4 Z • 7 . 7  6 ,  4 66 19 7 • • . o  • , : l  : o  3 
$ x • z609 z $ . •  • $ •  •o  7 • 3o9 3.8 337 
8 Z • zS*O 13 .3  • 4  o 
7 z • 1 % 3  9o8 33 o 8 • 3 . 4  3 -3  18o 
8 x : z8 .6  x7*7 uSx $ 8 • 6 . 3  $ . $  Z$z 
9 I • 8 . •  =$*9 6o 6 8 • 304 $,1 I o7  

xo Z • 9*6 8 .1  • $ :  7 8 • 4 . 9  4 * •  • 8 4  
z1 z • $07 6.1 :3o  17 8 • $.o  • . 7  •7 ° 
X:~ X • 4 . •  4 * •  308 
z 3 X • 7*9 7 . 7  169 o 9 • 3 . 4  • . 7  • 
z 4 1 • 8 0 •  7*4 139 z 9 • 3 . 4  • . 4  1o $ 
x$ z = 8 .6  7 ,$  • • •  4 9 • 3 ,4  3"3 $ 6 
x6 x • $* •  4"4 x69 $ 9 • 3*4 • . 6  88 
17 Z • 8 .  9 8 ,  4 Z : :  7 9 • 4"5  4"4  73 
18 1 • 7*3 6 . 7  97 8 9 t 4 . $  4*8 $00 
x9 x = 3o4 3oO :*8 113 9 • 3-9 • * 9  9s 
=X x • 8 . 1  6 . 7  •7  • 14 9 • 30o S*9 41 

:$  9 • • . 4  z . 6  75 
o , , 9 . 4  9 .1  o 
x • • 3o,7  • 9 , •  45 : o 3 4"9 5 . •  • 
, , , ' J$ .$  • $ . 6  $Z • 0 3 3 o* 3 .6  180 
3 • • x8 ,8  x7 .$  337 $ o $ • o . 3  •o07 o 
4 , ,  , 8 . •  a 8 . 9  41 ~ o 1 • . 4  s o .  : 
$ • = • 3 . 4  • • * 9  $ 6 o 6 .6  $ , 3  18 
6 • • zo.z 9 .6  18 6 o 3 8 "4  7 .6  z8o 
7 • • I $ . •  14 " :  174 7 o 3 3*4 3 ,o  18o 
8 • , 1o. 3 9 .9  •74 8 o 3 13*7 :$06  0 
9 • • 8 .6  8 .9  46 9 o $ 14.  4 14*8 o 

xo • • 4 .x  $.9 333 zo o 3 907 zoo4  
x• • = 7*7 7 . 8  S ° 11 o 3 • 9 * 7  • 8 . o  • 
z$ • • 6 . 6  6.o  3o z• • $ 4 . •  3"$ 18o 
14 a • 3 -4  3 .8  3o3 13 o 3 • • . $  • o . $  • 
IS • • 4*9 4 *8 143 14 o ] 1o*3 9*6 IS*  
18 • • 70• 6 .7  6 :6 o $ 6o6 6 .  7 :80  
so , , 3*4 3 .8  $z•  x8 o $ 4*$ 3*$ o 
• X = " 3 . 4  3o4 1•6 , l  o $ • ' 4  • * 4  o 

o $ 3 3o. 7 31*4 o o l $ 4"$ 4"6 •7 o 
x 3 , x , , o  1o. 4 196 Z Z $ 6*4  6 ,9  ZO6 
• 3 " X7*Z 17 -$  •X•  • I $ I • . 9  X$*Z • 6 3  
$ 3 • 7 . 9  707 174 3 Z $ 8 . 1  6 . 9  8Z 
4 3 " xo .6  8 . 5  146 $ x $ 4"9 $.o  • 9 5  
$ 3 • 7*7 6 . •  13•  6 z $ 9-9 8 . 4  9 •  
6 3 • 5*•  4 . •  48 7 : 3 4 . •  3*$ 39 
7 3 • 4.1 $ .z  •z 8 z $ 6 . •  6 .9  • $ •  
8 $ • 5 . 7  4 .6  354 9 x $ 3.9 3.7 .IZ3 
9 $ • 4* 3 3.6 3o5 1o z $ 8*9 7 . :  165 

X* 3 • 6 . •  6 .$  •69 xx 1 $ zz*9 XX.6 14• 
zz 3 " 709 7 .8  344 1• z $ 9-7 zo .o  87 
X• 3 = 6 .6  7 .  o 185 Z$ Z 3 XZ*Z I1[,8 • • 7  
x$ 3 " 3 .4  3 .o  zxz 14 Z $ Z]*O 13.9 87 
x4 3 • 6 .=  5 . :  $•9 z$ z $ 6 ,6  6 ,$  311 
z$ 3 • $ ' •  4.8 z99 16 z $ 3*4 • . 7  356 
16 3 : 3o4 3*4 69 17 x $ 4"$  4 . 3  •93  
, o  3 • 4*4 3*1 •o7  X8 x $ $ . $  $ . o  • 3 6  
=z 3 • 3 . o  3 . 4  •7 19 Z $ $ .o  3*Z : 3 5  
• • $ • 3oO • . 7  •53  

o , $ 1 4 * •  z 3 * 4  9 ° 
z 4 • • 3*0  • o . 9  •o3  x • 3 • • ' 4  • o . -  333 
• 4 " 3.9 • . 6  196 • • 3 9 . 4  8 . 6  zX8 
$ 4 = z6*7 Z7 *°  97 3 " 3 8 . 1  8 . •  3o$ 
4 4 • 7*7 7 .  o 347 4 " 3 7*$ 7 " 4  X37 
$ 4 • 4"9  4 . •  z • 6  $ • 3 3o9 3 . 4  3o 
6 4 " 4"3  3 .6  z•6  6 : $ 3 -4  • . 6  9 
7 4 • xo .x  7 .8  34 ° 7 • 3 5"= 4"3  34 
8 4 • 8 ,8  7 .$  zx •  9 • 3 6*9 5 . 3  $4 
9 4 • 1 , . 6  xo*7 •85 z• • $ 7 . 7  6 .9  67 

ZO 4 • 9 * •  8*4  Z$4 1.5 " $ 3*4 •*9  8 
xz 4 i 4 -9  $ .7  36 x6 • 3 4*9 3 .  6 •9 8 
z•  4 " 4 . 9  $*3 335 z7 • .3 $ . 4  3"$  • • 7  
x3 4 = 3 . 4  4"6 157 I8 • 3 5 " 4  4 *5' 107 
IS 4 • 3*4 401 •16  19 • 3 3* ° • . 9  7 ° 
x6 4 • 5 . •  5 " :  •03  •~" • 3 3 , o  • . •  8 

o 5 : 5 . •  4*$ x8o 
z $ = 3 .0  •*9  17•  
• $ • 9 - 4  8 . 8  7 ° 
3 5 • 4"3  3 . $  • 0 3  
4 $ • 609 7*6 3o8 

7*I  7*Z 
7 $ a 6 . 4  5 . 7  x8x 
8 $ • 4"9 4 . 3  3$1 
9 $ = 6 .9  6 .9  I87  

z* $ • 6 . 9  7 . o  •6 

• 3 = $ 4 -3  40o 16 

o 3 3 l i e •  XX,o 9 ° 
Z $ 3 X°*$ 9 ,$  Z65 
• 3 $ 6 . 6  6 . $  35o 
3 $ 3 7*7 8 .o  •81 
4 $ $ 4"9 $ . 6  $4•  
$ 3 3 7 . •  7 .  o 19 
6 3 $ 3*9 $ * •  • • 4  
8 $ ~ 4 . 3  4"8 178 
9 3 $ 3 . 0  • - 4  149 

xo 3 $ 6 . •  8 , 3  •69  
:z  $ • 3 .4  3*z z$9 xx 3 $ 4"$ 4*4 •7 ° 
1• $ • 6 . •  6 .7  357 z4 3 $ 4"9 3.7 344 
13 $ • $ . •  6 . $  3 : $  x$ 3 $ 7 . $  7 . •  x96 
z$ $ • 6 , •  6 .$  $• z8 3 3 $.o • , •  •4  
16 $ • 3o4 3 .7  316 z9 3 3 403 3.7 $4Z 

o 6 •  6.6 7.o o 
Z 6 • .5*7 6 ,6  345 
• 6 • 8 , z  7 . 7  •88 
$ 6 • 10,6 ZO.6 •43 
4 6 • 1 ~ $  1 4 " 4  •38  
$ 6 • 13*7 1 4 . $  •69 
6 6 • 3 ,4  3,7 •83 
9 6 • 7 . :  6*9 66 

: •  6 • 304 4*$ : 8 7  
z3 6 • 3*4 4 * :  •$$  
z$ 6 • 304 •07 144 

a•  :3 $ 3 .o  • ' 4  • $ •  

o 4 3 6.6  7*$ 9 ° 
z 4 3 4"$ 4 ,4  $•9 
• 4 $ • 0 4  • *7  $7 
$ 4 $ 808 9*o z77 
4 4 $ $ . 7  4"9  s47  
$ 4 3 $*7 4 . 7  $55 
6 4 $ $0 •  4"8 •z  
7 4 $ 6 .o  4"8 48 
8 4 $ 6 . •  $*9 Za7 
9 4 $ 4"$  4"6 •84  

18 6 • 3 ,o  s , 3  : $7  Z: 4 $ 6 ,6  6 *4  174 
19 6 • $,9 $ ,$  •6.5 : •  4 $ 8 , z  7 -4  •$.5 
so 6 • 6 , o  4 ,9  85 z$ 4 .3 4*9 4*$ 133 
• : 6 • 4 ,9  $,7 178 114 4 $ 4"$ 4 " I  $ : $  
• • 6 • s , $  • , $  88 Z$ 4 $ • * 4  • 0 7  •9.1 

: 7 S 808 80o Z 4 O $ 3 9* 6 9*9 •70 
• 7 • : • . 4  : $ . 8  s7 z $ $ 6 . 0  6*9 ,98 
$ 7 • z4*4 14-3  Ss • $ $ 6 ,$  $ ,9  8J 
4 7 • 1Z*4 Zo08 $8 $ $ $ 7*4  7 * :  : • 4  
$ 7 • $*•  4*$ $9 $ $ $ $ . o  $*•  *$9 

A C 2 2  - 4 *  
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Table 2 (cont.) 
i 

H g L F(OnS) F(CALC) 

6 $ $ 3,o 3,o 308 
? $ 3 $ .7  $03 13 
8 $ 3 3"4 3,= o 
9 $ 3 $,7 $ ' 3  3$ 8 

z: $ 3 $ .7  $ .9  357 
z3 $ 3 $*7 $*3 354 
:4 $ 3 4.$ 3.? a16 
z$ $ 3 300 ~.$ 9 

[ : ~ , o .7  ,o .7  ,7o 
6*4 8*4 Z37 

6 3 90~ 8,6 s$$ 
~ : 1 Zo .$  Z ' . :  47 

4 ,5  $*4 68 
6 6 $ 304 3*$ lET 
i : 1 4 , '  3.8 .58 

3*4 3,6 ~8$ 
9 6 $ 4*9 $*3 Z?o 

Z~ E 3 3*4 so7 158 

7 3 lO .6  l o . l  $$~ 
• 7 3 4.9 4 . t  z$$ 
3 7 $ 8 . s  9.4 319 
4 ? $ 3*4 leo  174 

8 3 3 e l  3el  go 
; : 1 3 . "  " . 3  " 3 '  

4 ,~  a,8 339 

4,T Sex a61 
i 

H ~ L r(onm) Z(e^uc) O~ 

x4 8 ~ =.7 =.$ ',$6 
z.5 8 3 ='~ = ' :  49 

o 9 3 3.9 ~,$ ~o 
zo 9 3 3,9 ,,3. o 9= 
zx 9 $ =.4 x,9  35 
za 9 :3 30x "~.4 : °3  

o o 4. 3. 6 $.7 o 
z o 4 3.9 $ ,o  z8o 
3 o 4 = , l  z,= o 
. ~ ° 4  4.3 3.7 o 

o 6. 9 7o~ o 
6 o 4 ZZo7 I~07 o 
', o 4 Io .3  I I , ~  o 

o ~ 9,= xo,3 o 
:o o 4 3,9 3"$ o 
z1 o 4 =,8 =*9 o 
l~ c 4 7*9 8.~ z~o 
14 o 4 4* ° 3.9 o 
IS • 4 •e8 30I 18o 
tK o 4 8*4 ~ .6  o 
z? o 4 3~$ 3.6 18o 
tit 0 4 6 .6  705 18 ° o 
z 9 -  , 4,3 4,9 

: z 4 # , 4  # . $  =~$ 
• z 4 3- ~ a , 9  #~7 
$ l 4 3,  ° 3 ez z7 
4 l 4 le~ .=J~ IOl 
$ z 4 3, ° a,$ x96 

H ~ U F(On~) F(CALC) OL 

6 l 4 ZOeZ I o ,  9 l~ 7 
7 l 4 7,4 7*7 Z64 
8 z 4 6,~ ~,o zo8 

xo x 4 ~-7 ~06 ~=3 
z= l 4 $ ,6  4. 6 =99 

z 4 z 4 4 *0 3,5 :3 o 
z6 z 4 5 ,3  5-6 •=9 
:7 x 4 3. 6 4 ,4  8= 
18 z 4 4.7 $09 =60 
z9 : 4 = . t  =*3 97 
=o X 4 30o ~.S =Ss 

o = 4 3*3 =,6 18o 
l = 4 Zo9 =,0 8 7 
• = 4 =*7 3 °= 85 

= 4 $ , t  4*8 196 
4 = 4 zo .~  z=e6 3=4 
$ • 4 $.~  4 .7  zs6 
6 • 4 4*9 5*• I t  
7 • 4 7*•  7*6 zz7 
8 ~ 4 3 .7  I09  338 

x~ : ~ • . 6  , . $  
4. o 3*:  35 ~ 

z$ a 4 =.6 = .$  8z 
z6 • 4 3- 6 ] . 7  $7 
~7 • 4 304 • ,?  ~$6 
z9 • 4 ~,8 s*9 41 
~o • 4 z,$ z,6 47 

: ~ 1 $ ' 7  6"1 
4* 0 308 34 ;  

H K L F(ORS) F(cALC) d -  

.3 4 $*4 3*3 175 
3 4 7e8 6,~ ~oo 

.5 3 4 ~*$ z.8 t $  
6 $ 4 ~*7 3,$ =7~ 
? ~ 4 605 7.x 34 

9 3 4 #,8 J,9 "o9 

• 04 3,o 
18 3 4 4 *= 4 .7  504 

t 4 4 •*$  % 3  353 
= 4 4 4 . 6  4 . 4  • 
3 4 4 3.7 306 4s 
4 4 4 406 4 .o  144 
5 4 4 ~07 %9 sSt  
6 ~ 4 506 $03 s6s  
7 4 4 499 4-7 s49 
8 4 4 3*9 /.*4 177 

lZ 4 4 508 Jo6 77 
15 4 4 So4 to? 19s 
16 4 4 s . $  s . ~  16o 

5 $ 4 a . 8  ~tot ~85 
3 $ 4 so8 So? 3$3 
4 $ 4 so ~ J* 3 • 
$ $ 4 409 403 37 
7 $ 4 409 4* 4 ~ $  

o 6 4 409 S-3 o 

5 6 4 4. o 4.o ~36 
3 6 4 s,8 ~*3 s$8 
4 6 4 5.6 $*4 t l o  
$ 6 4 $°6 6.o ~64 
6 6 4 6e7 70.5 1o.5 
7 6 4 309 303 ~$o 
8 6 4 3 -?  3e8 4 ° 

o 7 4 ~ ,6  1 .8  18o 
3 7 4 so6 Io8 |J5  
4 7 4 $0= $ .7  356 
$ ? 4 306 3.8 z$? 
6 ? 4 4*3 407 3s9 
87 ~ 1 3 ,4  3 .4  x44 

Io  4 1o6 331 

8 8 4 304 3*4 s | s  

z • $ 504 $,8 • 
• • S 60~ &el • 
$ • $ 603 Te l  • 
4 • $ 7*s 8,z • 
$ • $ $o4 So$ • 
• • 5 JoT Jo~ | 8 0  
7 • $ s*7 3-6 s l ~  

• • 6 S*4 .5*5) o 
I • • I 08  I05  | 80 
• • • s*7 ~oS o 
$ • • S'o4 To4 • lie 

I I f I I J 

0 1 2 3 4 5 A  

Fig. 2. Projection of structure along b. 

0'7051 X-0 '0450  Y-0"7077 Z=0.1421 0.0233 X-0-6814 Y+0"7315 Z=2.3851 

but the out-of-plane distances (average 0.03 A) indi- from which the average displacement is 0.006/~. This 
cared that a better fit would be obtained if the outer plane makes an angle of 61.8 ° with the mean plane 
and central rings were taken separately. When this through the anthraquinone ring system. 
was done, their normals made an angle of 2.6 °, and The closest intermolecular approaches are between 
the mean out-of-plane distance was only 0.01 A. This molecules along c, where there are a number of C-C 
slight divergence from planarity may well be due to contacts from 3.47/~, upwards. The nearest C-O ap- 
experimental error, seeing that the number of terms proach is C(10)-O(1')=3.38/~,. 
used in the refinement was not very large. Projections of the structure along b and e are shown 

The equation of the mean plane through the sub- in Figs.2 and 3. Attempts at further analysis of the 
stituent phenyl ring is thermal vibrations showed that the molecule could 
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1 I 
o 1 

[b] C(11) C(12) _ ,,.,~ 

0 ( 1 0 ) ~ 0 ( 1 3 )  lr'  I 
9(') Nfq'gTc(, 4) ',.y.,..%,~ 

""~¢R(~C(2) j , . . . . . . ( , /  

2 3 4 5A 
0(2) ~ [a/2] 

I 

Fig. 3. Projection of structure along c. 

not be treated as a rigid body, and computer programs 
for dealing fully with more complex vibrations are not 
yet ready. 
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The Crystal Structure of So-Called (t-LaAl4 (La3AIn) 

BY A. H. GOMES DE MESQUITA AND K. H. J. BUSCHOW 

Philips Research Laboratories, N.V. Philips' Gloeilampenfabrieken, Eindhoven, Netherlands 

(Received 23 June 1966) 

An analysis of the structure of what is known in the literature as ~-LaA14 revealed that the correct 
formula is La3Alll. Analogous formulae seem to apply to '0c-CeAl4', '0~-PrA14' and 'e-NdA14'. La3Alll 
crystallizes in the space group lmmm; a=4.431, b= 13.142, c= 10"132/~. There are two formula units 
in the unit cell. The structure was refined by least-squares methods to a weighted R index of 7.9 %. 
Details of the structure are presented and its relation to 'fl-LaA14' is discussed. 

Introduction 

Hitherto LaA14 has been known to occur in two dif- 
ferent modifications, but the various investigators dis- 
agree about the transition temperature. According to 

Gschneidner's (1961) review the phase transition takes 
place at 813°+ 3°C, whereas Buschow (1965a) found 
experimental evidence for a phase change at 915°C. 

There has been considerable confusion about the 
structure of LaA14. The oldest publication (Rossi, 1933) 


