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The Crystal Structure of NV,/N’-Diphenyl-1,8-diaminoanthraquinone
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The crystal structure of N,N’-diphenyl-1,8-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 A in the atomic co-
ordinates. The phenyl rings are inclined by 61-8° 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.

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-1,5-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 l

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 % odd, and {00/} with / odd, is P2,22;. 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 ¢ (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.
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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(#k0) 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 A,
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-1,8-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=0 distance (1-218 A)
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is shorter when the oxygen atom does not accept a
hydrogen bond than when it does (1-250 A). Examina-
tion of the system where hydrogen bonding (N-H-O)
might occur shows disturbances in the normal bond
lengths, similar to those found in the 1,5-isomer. Be-
cause this effect is found in two structures, there is a
strong probability that C(1), N, H(1), O(1), C(7) and
C(6) are involved in a resonating ring system. The

C(1)-N and C(7)-C(6) bonds are shorter 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 1432 A are longer
than usual. It would be an interesting study to investi-
gate how the lone pair electrons from the oxygen and
nitrogen atoms contribute to these effects.

The equation of the mean plane through the an-
thraquinone nucleus is

Table 1. Atomic parameters

The values of B;; are defined by the coefficients in the formula
exp [—3(h2a*2B); +2hka*b* B2+ .. )]

xla ylb z/c By B2, Bs; B2 B3 B3
C() 0-0860 0-4478 0-3628 4-03 6-21 371 0-19 0-42 0-49
C(2) 0-1226 0-3639 0-5419 4:19 6-64 4-78 0-77 1:65 —-035
C@3) 0-1199 0-2137 0-5382 5-16 7-68 5-32 1-03 2:40 1-67
C@ 0-0800 0-1441 0-3676 4-52 5-61 5-55 0-75 1-05 156
C(5) 0-0424 0-2206 0-1882 475 493 4-30 0-34 0-33 1-64
C(6) 0-0434 0-3729 0-1841 367 4-79 4-40 0-22 0-26 1-20
(6(¢))] 0 0-4496 0 4-41 4-12 4-73 0 0 0-48
C(8) 0 0-1377 0 573 4-19 6-30 0 0 2-65
C9) 0-1345 0-6788 0-5085 4-78 473 4-49 0-18 0-79 —1-24
C(10) 0-1145 0-7815 0-6931 5-59 3-87 5-64 0-19 0-66 —0-67
C(11) 0-1594 0-8636 0-8325 6:62 470 5-46 0-24 —041 —1-28
C(12) 0-2219 0-8446 0-7858 5-80 592 5-57 —0-01 —020 —1-29
C@13) 0-2422 0-7399 0-6048 4-68 8-01 591 -019 077 —1-54
C(14) 0-1984 0-6572 0-4594 4-86 6-89 4-86 0-41 —-1-27 0-18
N 0-0892 0-5951 0-3584 5-65 4-92 6-89 0-44 0-42 —2-14
o(l) 0 0-5854 0 5-20 4-83 634 0 0 —-3-25
0(2) 0 0-0054 0 8-24 4-84 7-98 0 0 0-31
H(®1) 0-0554 0:6529 0-2340
H(2) 0-1536 0-4174 0-6856 . . .
HEG) 0-1499 0-1516 06732 Mean isotropic B=5-08
H®4) 0-0775 0-0270 0-3717
H(10) 0-0650 0-7985 0-7296
H(11) 0-1443 0-9439 0-9806
H(12) 0-2557 09121 0-8915 Mean isotropic B=6-28
H(13) 0-2918 0-7217 0-5751
H(14) 0-2137 0-5774 0-3109
Mean e.s.d. for coordinates=0-007 A, for Bi;=0-30 A2,
1394 C(11) 1.362
C(10) C(12)
1 ~371] 1:374
435 _C(9) C(13)
/1.397 c(1 4)1 397
|1 358
122571202 187.60)1as7 SN 4o,
121-3 11381187 C(2)
1:402 |1 ‘384
1206 120°8{120'7 C(3)
1208 1185~ 18 6/ ,
1208 Ry 95\C (ay 1348
120° 7
1218
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 F(oBS) F(CALC) ol] H X L F(oms) F(caLc) oL | H X L F(ons) FlcaLc) oL ] H K L F(oBS) F(CALC) oL § H K L F(0BS) F(CALC) ok
3 0 0 49¢8 S2e9 o 11 6 o 18e3 20e7 370 8 3 1 Be4 9e3 353 © I 3 I7¢3 16.6 180 6 7 3  Se3 4e4 336
4 O O 3140 33,6 1380 I3 6 0 Se4 6e7 180 9 3 T Se7 4e8 1338 T I 3 30 3e3 59 13 7 3 304 303 39
6 0 0 2640 134e9 180 313 6 o 904 9e3 2370 10 3 3 133 133 13§ 3 1 3 3Te5 1667 311 17 7 3 37 309 338
8 0 0 43e4 4640 ° 14 6 © Se4 Se9 o I3 3 I 307 30e4 34 3 1 3 19e5 16s8 336 18 7 3 34  %e4 33®
0 0 O 1I9eS5 30e8 ° 15 6 0 309 4e4 270 12 3 1 Se7  Sea 3II 4 T 3 7e7 6es 66 39 7 3 3.0 3e3 303
I3 0 O  4e3 3e6 ° 13 3 1 400  4e0 33 § 3 3 1669 153 2353 30 7 3 39 38 337
14 © O I0s1 9e2 o © 7 0 Se3 6ot o IS 3 t 10e3 10e2 233 6 1 3 130 133 340
16 0 0 846 78 o T 7 o 364 3e3 90 16 3 1 6aqg 6e0 347 7 1 3 33e3 98 33 o 8 1 3e4 303 380
20 © ©° 348  3e2 ° 2 7 0  3e4 ez o 8 3 3 308 3.8 35 & 1 3 1Be6 1747 a5t 5 8 3 6e3 Se5 31
a3 o o 7e3 Tea ° 3$ 7 o Se3 Sel 90 30 3 13 38 3e0 173 9 1 3 3Bea 2569 60 6 8 o4 3¢l 1107
34 © O Ilel I3e7 ° 4 7 © 9e0 1048 o 100 1 3 96 Bez 252 7 8 a 409 4o 384
26 0 0o 660  Se9 ° s 7 o 309 3¢8 a%o © 4 I 3463 33e§ 90 1T T 3 Se7 6er 130 17 8 a 3¢0 37 370
6 7 0o 3e9 3e7 ° T 4 I 156 I4e3 S8 13 I 3 4e3 403 308
0 I 0 40e7 39¢3 180 9 7 o 309 408 90 3 4 I 13el 113 314 13 t 3 79 77 169 o 9 a 3e4 2e7 °
T 1 0 358 136er 90 16 7 0 Se4 Ge@ ° 3 4 3 Be8 9e3 134 14 3 3 8e3 7e4 139 I 9 3 3e4 34 108
2 1 0 325¢5 3548 180 1T 7 O I3eT 13¢8 90 4 4 1 330 2310 336 15 1 3 846  7e5 322 4 9 3 3e4 303 36
3 1 0 70e3 6748 90 13 7 © 2069 3%el ° S 4 1 106 eI 134 16 1 3 Se3 44 169 S 9 3 3e4 2.6 388
4 1 O 37e4 173 ° 13 7 o Se4 Go8 90 6 4 1t 300 303 146 17 1 3 8e9 844 111 7 9 a 405 44 73
§ I 0 37e3 357 370 14 7 O Ile8 I3e3 ° 7 4 1  Se7 6e4y 164 8 1 2 743 6e7 97 8 9 3 463 4e8 300
6 1 0 17¢3 1647 o 15 7 o 304 3¢5 a70 8 4 I 11,8 0.7 158 19 1 3 304 300 a8 13 9 o 309 309 93
7 1 o 640 Se3 90 16 7 o S04 3e3 180 9 4 1 300 2e3 330 31 1 a 8e1 6e7 373 14 9 3 300 209 4T
8 31 0 3es ;.c . 10 4 1 360  3¢8 116 IS 9 3  3e4 o6 78
9 I o 1846 1394 a70 o 8 o Se4 6e3 ° 1T 4 2 Se7 507 3 0 3 3 9e4 el °
30 I O I4e2 I5ez 1280 T 8 0 3¢9 Se3 370 13 4 1t 409  4¢9 335 T 3 3 3067 29e3 45 I 0 3 409 Ses L}
Tz o 3e8 3.7 370 3 8 o 369 3¢ 270 13 4 1 3e4 347 303 3 3 3 35e5 3S5e6 3t 3 o 3 300 306 180
i3 3 o g 3e5 . 4 8 o 369 3e9 ° 14 4 3 Se3a  SeT 136 3 3 3 1848 17e5 337 3 0 3 30e3 3047 °
I3 3 O 338 5.3 270 15 4 I 503 507 13 4 32 3 2Bea 23849 4 4 © 3 364 300 °
18 1 o 646 7e0 ° 0 9 0 646 746 ° 17 4 2 Se4 4e4 208 S 3 3 33e4 339 56 5 o 3 666 Se3 180
20 I 0 38 309 180 1 9 0 7¢6 8e8 90 38 4 I Se4 4ed 387 6 2 3 101 g9e6 18 6 0o 3 B8e4 706 180
33 I O Ses Se7 18 3 9 O 369 4ed ° 19 4 I 3e8 303 168 7 3 3 I5e3 Thel 1374 7 © 3 3e4 3¢0 180
335 T 0 660 G5 9@ 3 9 0 Se4 Se6 90 30 4 1 3e4 3e0 184 8 2 3 1063 99 374 8 0 3 1367 136 °
24 3 o 405 403 18e 5 9 o 309 3e4 2370 9 2 32 8e6 849 46 9 O 3 3404 I4e8 o
as 3 o 3e0 400 90 6 9 o 309 306 o T 5 1 57 $e6 4T 10 3 2 4ol 309 333 10 0 3 9e7 1004 °
37 3 0 300 2e4 90 8 3 0 304 307 ° 3 S 1 4e9 4¢3 314 13 3 3 Je7 748 5O 1z 0 3 297 2aBeo °
9 9 0 34 303 90 3 5 1 15¢9 1400 348 13 a2 3 646 6.0 30 13 0 3  4e3 3JeS 180
© 3 0 5409 548 180 4 5 1 9e4 B8e8 182 14 3 3 3e4 3¢8 303 I3 0 3 33e5 20§ °
I 3 0 200 19e7 90 © 10 © 304 38 180 S $ T 19e3 8.1 357 15 3 23 4e0 408 243 314 0 3 3003 9e6 180
2 3 0 41e0 4403 ° I 10 0 Se4 SeI 370 6 S I 244 131e9 234 18 3 3 743 67 6 o 3 . 6e7 180
3 3 0 39e3 193 90 3210 o 304 3e3 ° 7 5 1 8e9 9e6 43 0 3 a3 304 3e8 313 18 o 3 408 305 °
4 3 O 347 3400 ° 83310 0 49 3e9 90 8 § t  6e4 740 1235 31 3 3 3e4 3e4 1336 31 0 3 3204 3e4 °
5 3 0 30 3¢9 370 10 § 1 6e0 Geg 313
6 3 0 31e0 319 ° 031 0 309 4e4 I80 13 5 1 3e4 4¢3 T2 © 3 3 307 3le4 ° © I 3 405 46 370
7 3 0o B8e4q 8e7 a70 13 5 2 308 404 330 I 3 3 1300 1064 196 T 3 3 6e4 649 106
8 3 0 134 38 1380 2T o 1 138s8 203 180 14 5 2 308 306 2330 2 3 3 17¢I 1735 313 3 T 3 13¢9 13e1 365
9 3 O Ileq 3.0 9O 2 0 I 130e2 9e5 180 15 § 2 Se4  Se7 57 3 3 3 7e9 707 174 3 1 3 8z 6e9 82
10 2 O 24e3 34e6 ° 3 0 1 98e9 97¢9 ° 17 5 1 3.8 3.0 2364 4 3 3 10e6 Be§ 146 5 I 3 409  Se0 295
IT 3 O 35¢7 369 9O 4 O I 7405 768 180 B s 1 6e3 6ea 37 5 3 3 7e7 6e3 133 6 1 3 9e9 8e4 93
13 32 0 3363 33e5 ° S 0 I 9403 93e3 ° 30 S 1 4e5  4e6 336 6 3 3  Se3 4e3 48 9 % 3  4e3 3¢5 39
I3 3 0  JeI  7e6 90 6 0 1 37¢6 39e1 180 3T S 1 4¢3 3«6 335 7 3 3 4e2 3s1  aI 8 1 3 6es 649 353
I3 3 O 1560 12663 o 7 © 1 358 37e3 o 8 3 3  Se7 46 354 9 I 3 369 3e7 313
IS 3 O 1400 I4e6 90 8 o 1 303 303 ° T 6 1 6e4 6e0 11X 9 3 3 403 36 305§ 10 1 3 6e9 Tet 16§
16 32 0 Se3 Se4 180 9 © 3 10e8 1IIe5 180 a2 6 1 4e5 348 17 10 3 3 6e3 643 2369 I 1 3 I%e9 IZe6 I43
17 2 O Se4 Se4 2370 10 0 I 35¢8 37e0 ° 3 6 1 405 56 3332 1T 3 3 7e9 7¢8 344 13 I 3 9e7 10s0 87
a2 32 o 309 4e8 90 1T 0 I Ilel I0e3 o s 6 1 6e0 6s3 256 13 3 a 6e6 700 85§ 13 T 3 I%eX 3148 227
33 32 0 3e4 403 ° 13 0 2 8e3 7e6 180 6 6 I 7e7 7¢3 394 13 3 3 3e4 3e0 III 14 1 3 1300 139 87
33 0 T 15e3 I5e7 ° 7 6 I 740  7e4 345 14 3 3 6e3  Se3 339 1§ 1 3 646 6eS5 313
© 3 o0 13s6 137 180 16 o 1 Te3 7¢1 180 8 6 1 I5e9 1409 361 1S 3 3 Se3 48 199 16 1 3 3e4 367 336
T 3 o 300 3¢7 90 27 o 1 Se3 508 ° 9 6 1 7¢3  7e4 368 16 3 3 304 3e4 69 17 I 3 4§ 403 393
2 3 0 2.0 2.5 180 18 0 I 3.0 10e9 ° I3 6 I 7e4 Ge4 2386 30 3 3 444 3e3 307 I8 1 3 S5e§ S5e0 336
3 3 O 30 30 90 19 © I 35e3 1663 o 13 6 1 Se4 505 4S5 31 3 3 3e0  3e4 37 19 T 3 300  3eX 23§
4 3 o 403 307 ° 30 0 I 106 IZel ° 14 6 13 38 307 317 a3 3 3 3e0 3.7 353
5 3 O 3136 2345 370 a2 o 1t Se3 407 ° 1§ 6 1 © 3 3 T4e3 X304 90O
6 3 O ISe3 I5e9 o 34 o 1t 30 3.8 180 16 6 1 I 4 3 33e0 230.9 2303 I 3 3 3304 30e3 355
8 3 0 369 37 ° 35 0 I 3e4 3e0 180 17 6 1 3 4 3 3e9 346 196 3 3 3 9e4 846 118
9 3 O 3e4 Se6 90 3 0 I 3e4 307 1380 18 6 1 3 4 3 1667 1760 97 3 3 3 81 8e3 303
10 3 0 3e0 2.4 180 37 © T 364 4e8 o 4 4 3 Te7 Te0 347 4 3 3 7e5 Te4 137
11 3 0 4¢3 4e4 370 1 7 1 S 4 3 400 4e3 136 S 3 3 3¢9 3e4 30
12 3 o 158 16.7 180 0 3 3 18e3 19e8 90 3 7 1 6 4 3 4e3 36 136 6 2 3 3e4 3.6
24 3 © 364 349 180 T I I 50e7 S53e3 397 4 7 1 7 4 3 10sI 748 340 7 3 3 Sed  4e3 343
16 3 o B8e3 9e9 ° 3 2 1 3660 37e3 343 s 7 1 8 4 3 848 7e5 113 9 3 3 6e9 Se3 54
27 3 O 3¢9 4¢3 90 3 X I 33e3 35¢3 204 6 7 1 9 4 3 1346 10e7 238§ 13 3 3 77 6.9 67
18 3 0 Se4 6e4 180 4 T 3 3604 368 B4 7 7 3 10 4 3 9e3 8.4 334 1§ 3 3 3e4 309
19 3 © 3¢9 44 2370 S I 1 36e1 36e7 356 8 7 3 I 4 3 4e9 Se7 36 16 3 3 409  3¢6 2398
30 3 o 309 3¢6 ° 6 1 3 709 848 19 9 7 3 13 4 3 409 5¢3 335 17 a2 3 304 33 3237
7 T I Sea Sel 2359 10 7 1 53 4 3 3e4 4e6 157 18 3 3 Se4 4eX 107
0 4 © 339 3401 180 8 I I IIe3 I2e§ 306 13 7 13 IS 4 3 304 4er 316 19 3 3  3e0 3.9 70
T 4 O 1360 1400 2370 9 I I 156 2640 391 14 7 3 16 4 3 Se3 Se1 303 6 31 3 3e0 33 8
3 4 O 409  4eX 90 10 Xt 6e4 6e5 345 1§ 7 ¢t 33 3 3 403 40 16
4 4 O I3e5 1346 o 1T I T 39 38 76 16 7 1 0 5 3 5e3 45 180
5 4 O 3¢9 4e5 90 I3 I X 3e0  3e0 354 17 7 I 5 3 360 249 173 0 3 3 I%e3 1240 9O
€ 4 0 309 4e4 180 14 T T 646 6e7 336 18 7 1 3 5 3 9.4 B8 70 T 3 3 10e3 9e3 165
7 4 © 300 349 370 IS I T 3e4 3JeB 62 19 7 1 3 5 3 4e3 3.3 303 3 3 3 646 643 350
B 4 O T4e4 I4e7 ° 17 T I 9el Qe 126 4 5 3 669 746 308 3 3 3 77 Be0 aB2
9 4 © 6e3 704 9° 8 1 12 9e3 9e7 336 o 8 1 5 § 3 3e0 346 333 4 3 3 409 Se6 343
10 4 o 360 3e3 180 19 3 12 369 3e4 175 T 8 1 6 5 3 Tet Fel s 3 3 Te3 7e0 19
1T 4 O 3e4 3e3 90 0 1 3 Te8 7¢6 111 3 8 1 7 § 3 6o 4 Se7 1381 6 3 3 309 3e3 334
13 4 © 3e4 Se1 90 23 @ 1 304 3¢6 31X 4 8 1 8 5 23 409 4¢3 352 8 3 403 408 1978
14 4 © 8e9 9e3 1380 37 3 1 246 303 3234 6 8 1 9 § 3 6.9 6.9 187 9 3 3 300 304 149
1S 4 © 7 8 13 10 § 3 6.9 T7e0 36 10 3 3 6e3 6e3 269
16 4 o © 3 1 36e4 38e4 270 IT 5 3 304 3e3 1359 IT 3 3 4e5  4e4 ayo
17 4 © T 3 3 5%e6 5343 30§ T 9 2 13 5 3 6.3 647 357 T4 3 3 409 3e7 344
19 4 © 3 3 3 3403 3507 136 39 12 13 5 3 Sea 6.3 31§ IS 3 3 7e5 Je3 196
a1 4 o 3 3 32 ol 846 228 4 9 1 I§ 5 3 63 65 33 1B 3 3 3.0 3e3 34
4 3 T 1409 16e3 85§ s 9 1t 16 5 2 3e4 307 316 19 3 3 403 307 342
o 5 o 5 3 1 3Iel IZe§ 36 6 9 3 33 3 3 360 364 2333
3 5 o 6 3 I 3%e7 330 33 10 9 1 o 6 a 6e6 7e0 °
3 5 o 7 3 I 336 336 33 T 9 1 T 6 2 Se7 66 345 0 4 3 646 7¢3 90
s s o 8 3 I 3%ed 3le2 39 3 6 3 Bex 707 2388 T 4 3 4e5  4ek 339
6 5 o 9 3 T 26ex 38er 33 O 0 3 34e5 339 ° 3 6 3 10e6 10s6 343 3 4 3 364 307 37
7 § o 10 3 3 6e6 Ge7 13§ T o a o4 846 ° 4 6 3 135 I4e4 238 3 4 3 B8e8 9e0 177
38 5 o 32 3 3 360 28 116 3 o 3 9e7 848 o § 6 3 137 11405 269 4 4 3 Se7 409 347
9 5 o 23 3 2 3e0  3eI 99 3 0 3 138 135 ° 6 6 3 304 307 383 5 4 3 Se7 407 353
100 § o 24 3 12 Gob 66 1394 5 o 3 304 3¢3 180 9 6 23 Te2 649 66 6 4 3 503 408 at
13 5 o IS 8 I Z3eI 33e3 332 6 o 2 38e3 3104 ° 13 6 3 3e4 4e5 187 7 4 3 640 48 48
13 5 © 36 3 3 6eas 6e3 83 7 © 3 4¢3 3e3 180 23 6 3 304 4eX 335 8 4 3 663 Se9 237
14 $ © 17 3 T 30e6 106 s 8 o 3 3669 38e5 1§ 6 304 307 244 9 4 3 405 406 384
3 s o 18 3 2 9es 849 119 9 O 3 4040 43§ 180 8 6 3 3e0  3e3 257 33 4 3 646 6e4 174
8 5 o 29 3 T 3¢9 3e6 376 30 0 3 34e3 333 19 6 3 3¢9 3¢5 263 13 4 3 8e%  7e4 35§
24 S5 o IT 0 3 1506 134 180 20 6 3 660 49 83 I3 4 3 49  4e5 138
© 3 T 233e4 3002 370 13 0 3 640 Se0 ° 33 6 3 409 3e7 378 T4 4 3 405 4ol 315
0 6 O 304 4o . T 3 I 9e3 1303 13 I3 0 3 I0e3  9eO ° 33 6 3 3.5 3.5 88 IS 4 3  3e4 37 292
8 6 0 o4 7Je3 138 3 3 1 188 1746 134 14 © 3 3303 T3S °
3 6 0 4e5 506 370 3 3 1 377 349 9 3§ 0 3 3666 25e3 ° T 7 3 8e8 80 14 0 5 3 9e€ 9e9 370
S 6 0 409 SeB 9o 4 3 1 30e0 38e8 353 16 0 3 19e6 1I9e5 ° 3 7 2 334 138 37 T 5 3 660 649 398
6 6 o 9e7 9e8 ° 5 3 1 2448 13,8 168 17 0 3 3e4 27 ° 3 7 3 1404 2403 323 3 5 3 643 Se9 B2
7 6 0o 6e9 6e8 90 6 3 31 77 649 144 19 0 3 304 349 180 4 7 3 13e4 30,8 38 3 5 3 7e4 o3 184
9 6 0 9e® 9e6 870 7 3 1 18e0 2664 2334 $ 7 3 Se3  4eS5 59 S 5 3 360 3e3 339
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Table 2 (cont.)

THE CRYSTAL STRUCTURE OF N,N’-DIPHENYL-1,8-DIAMINOANTHRAQUINONE

H K L F(ops) F(CALC) oL § M X L F(ons) r(rac) ol H K LF(ons) F(eaLc) oL | # x L F(ors) Flcae) oL | " x L F(oms) F(caLc) ok
6 5 3 3e0 3e0 308 14 3 3e7 2e3 335 6 I 4 10e1 1049 137 2 3 4 34 366 77 3 6 4 440  4e0 1336
7 5 3 507 Se3 13 15 8 3 3e3  3e1 49 7 1 4 7eA 77 364 3 3 4 34 3e3 175 3 6 4 38 3.3 358
8 5 3 34 3e3 o . 8 1 4 6s1 Geo 108 3 3 4 7¢8 6eg 300 4 6 4 S5e6  Sey 110
9 $ 3 Se7 Se3 358 O 9 3 3¢9 Je5 90 10 T 4 37 36 333 5 3 4 35 18 13 S 6 4 Se6 6e0 a6y
1§ 3 Se7 Se9 387 10 9 3 39 3e0 92 13 3 4 Se6  4e6 299 6 3 4 37 3¢5 373 6 6 4 67 7e§5 10§
¥ 5 3 Se7  Se3 354 IT 9 3 3.4 149 3s (14 1 4 4e0 3e5 230 2 3 4 6eS5  7e1 34 7 6 4 3¢9 3e3 1350
4 5 3 405 37 236 a9 3 3e1 3e4 303 16 1 4 Se3 Se6 339 & 3 4 3e7 3e3 334 8 6 4 307 3.8 40
35 5 3 30 35 9 17 1 4 306 4e4 83 9 3 4 248 2e9 309
0 0 4 36 307 ° 18 1 4 407 Se9 360 IS5 3 4 S 3e2 30 © 7 4 2¢6 2.8 180
© 6 3 230e7 3047 2370 T 0 4 3¢9 S50 180 19 T 4 32 3e3 97 16 3 4 34 30 268 3 7 4 36 3.8 1za5
1 6 3 6as4 84 137 3 0 4 a3t 3e3 o 30 I 4 3e©  je3 353 18 3 4 4e3  4e7 2304 4 7 4 Se3  Se7 356
A 6 3 943 8.6 ass 4 0 4 4¢3 307 ° S 7 4 36 38 137
3 6 3 103 1Ite2 7 5§ © 4 6o 76 o © 3 4 303 36 180 T 4 4 3¢5 3.3 353 6 7 4 403 407 339
4 6 3 45 Ses 68 6 o 4 Ite7 337 O T3 4 3e9 30 87 3 4 4 406 44 2 7 7 4 3eda 304 344
6 6 3 304 3JeS5 167 7 0 4 103 143 ° 3 3 4 37 3e3 85 3 4 4 37 36 s 8 9 4 304 3.6 331
T 6 3 4e9 38 as8 8 0 4 9e3 1043 ° 3 3 4 Sel 48 1396 4 4 4 406 4e0 344
8 6 3 304 36 235 10 0 4 3¢9 3e5 ° 4 3 4 10s6 1346 334 S 4 4 3e7 3.9 35t 8 8 4 Seq4 304 330
9 6 3  4e9 Se3 1370 12 o 4 3.8 249 ° S 3 4 Se€  4e7 136 6 & 4 5._6 Ses 263
20 6 3 304 207 158 13 06 4 79 8.3 180 6 3 4 49 Se2 1z 7 4 4 499 407 349 T @ S Seq Se8 °
14 O 4 400 300 o 7 3 4 7e3 76 117 8 4 4 309 304 177 2 e § 6e3 bt .
© 7 3 9e4 9e3 90 15 0 4 3 3 180 8 3 4 3e7 3¢5 338 3T 4 4 38 2.6 77 3 ® 5 6e3 7e1 .
1 7 3 1046 10e1 359 16 o 4 8.4 6 o 9 3 4 36 25 9 IS 4 4 3e4 2.7 a2 4 © 5 73 B2 @
3 7 3 49 4l 135 17 0 4 35 36 180 13 3 4 4e0 3e3 338 16 4 4 %e3 3.9 160 S @ S5  Seq4 SeS .
3 7 3 83 9e4 339 1 0 4 66 705 ° IS 3 4 3e6 2.5 82 6 0 5 247 3.6 18¢
4 7 3 34 309 174 19 O 4 4¢3 49 130 16 2 4 36 2.7 57 2 S 4 28 2.t 2als 7 € 5 37 36 10w
17 3 4 3e4 3.7 356 3 S 4 28 2.7 353
o 8 3 3¢3 33 9O T T 4 R4 35 23§ 319 3 4 2e8 29 42 4 5 4 3t 2e3 L3 ® & 6 Seq 3e9 .
2T 8 3 33 303 336 3 1 4 30 349 2397 0 3 4 Te§ le6 47 S 5 4 49 43 N7 T 6 6 38 o5 18
9 8 3 40 2.3 339 33 4 30 3o 17 7T S 4 49  4es 385 3 & 6 37 35 o
16 8 3 37 3eq 2387 4 3 4 3.6 .3e7 101 0 3 4 Sey Ge2 ° . 3 © 6 Seq oy 100
18 3 47 Je3 2363 s T 4 3e0 3¢5 396 T 3 4 40 3e8 343 0 6 4 4ge9 Se3 °
N\ — X
[c] U
\i e Q N
s
—=[a]
0 1 2 3 4 5A

Fig.2. Projection of structure along b.

0-7051 X ~0-0450 Y—0-7077 Z=0-1421

but the out-of-plane distances (average 0-03 A) indi-
cated that a better fit would be obtained if the outer
and central rings were taken separately. When this
was done, their normals made an angle of 2:6°, and
the mean out-of-plane distance was only 0-01 A. This
slight divergence from planarity may well be due to
experimental error, seeing that the number of terms
used in the refinement was not very large.

The equation of the mean plane through the sub-
stituent phenyl ring is

0-0233 X—~0-6814 Y+0-7315 Z=2-3851

from which the average displacement is 0-006 A. This
plane makes an angle of 61-8° with the mean plane
through the anthraquinone ring system.

The closest intermolecular approaches are between
molecules along ¢, where there are a number of C-C
contacts from 3-47 A upwards. The nearest C-O ap-
proach is C(10)-O(1")=3-38 A.

Projections of the structure along b and ¢ are shown
in Figs.2 and 3. Attempts at further analysis of the
thermal vibrations showed that the molecule could
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0(2)

Fig. 3. Projection of structure along e¢.

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 a-LaAl; (LasAlyy)

By A.H. GoMes bE MEsqQuitAa 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 a-LaAls revealed that the correct
formula is LasAl;;. Analogous formulae seem to apply to ‘a-CeAls’, ‘a-PrAls’ and ‘a-NdAls’. LazAl;y
crystallizes in the space group Immm; a=4-431, b=13-142, c=10-132 A. 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 ‘-LaAly’ is discussed.

Introduction

Hitherto LaAl, 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 (19654) found
experimental evidence for a phase change at 915°C.

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



