
682 THE D I M E N S I O N S  AND C O N F O R M A T I O N  OF S U L F A G U A N I D I N E  

SAENGER, W. t~ WAGNER, K. G. (1972). Acta Cryst. B28, 
2237-2244. 

SANDS, D. E. & DAY, V. W. (1967). Z. Kristallogr. 124, 
220-227. 

SASS, R. L. (1960). Acta Cryst. 13, 320-324. 
SCHOMAKER, V., WASER, J., MARSH, R. E. & BERGMAN, G. 

(1959). Acta Cryst. 12, 600-604. 
SHERFINSKI, J. S. t~ MARSH, R. E. (1973). Acta Cryst. B59, 

192-198. 
SMITH, A. E. (1969). Acta Cryst. A25, S161. 
STEWARX, R. F., DAVIDSON, E. R. & SIMPSOn, W. T. (1965)~ 

J. Chem. Phys. 42, 3175-3187. 

TANIMURA, M., MIZUSI-rlMA, T. & KINOSHITA, Y. (1967). 
Bull. Chem. Soc. Japan, 40, 2777-2779. 

WARREN, R. C., MCCONNELL, J. F. & STEPHENSON, N. C. 
(1970). Acta Cryst. B26, 1402-1407. 

WASER, J., MARSH, R. E. & CORDES, A. W. (1973). Aeta 
Cryst. B29, 2703-2708. 

WEAVER, D. L. (1970). Inorg. Chem. 9, 2250-2258. 
WHITFIELD, H. J. (1970). J. Chem. Soc. (A), pp. 113- 

ll8. 
WIESNER, J. R. & LINGAFELTER, E. C. (1966). Inorg. Chem. 

5, 1770-1775. 
ZACHAmASEN, W. H. (1963). Acta Cryst. 16, 1139-1144. 

Acta Cryst. (1976). B32, 682 

The Structure of Decachloropyrene, C~6C110: an Overcrowded Molecule 
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Decachloropyrene is monoclinic, space group P2~/n, with a=21.462 (10), b= 7.494 (5), c= 10.803 (7) 
~, fl=92.8 (1) °, Z=4. Least-squares refinement with 2655 reflexions gave a final R of 0"038 for 236 
parameters. The molecule is saddle-shaped, the maximum deviations from planarity being ca 1 ,~ for 
CI and ca 0"5 A, for C atoms. The mean nearest-neighbour CI.. .  C1 distance in the molecule is 3.003 (1) 
and the mean C-C1 distance 1.719 (1) ~. The C-C distances are similar to those of pyrene itself. The 
molecules are stacked in such a way that half the molecule is sandwiched between two neighbouring 
molecules and the other half is essentially free. The packing forces result in a deviation from mm2 mo- 
lecular symmetry: both the out-of-plane deformations and the C1...CI distances are smaller for the 
half of the molecule which is compressed. 

Introduction 

Decachloropyrene is an overcrowded molecule; if it 
were planar there would be C1...C1 distances, e.g. 
C1(2)...C1(4), of only 2.4 ,~ whereas the sum of the 
van der Waals radii is 3.6/k, and the shortest CI . . .  C1 
distances found in similar compounds are about 3.0/k, 
as in octachloronaphthalene (Gafner & Herbstein, 
1963). The strain may be relieved by a splaying of 
angles and by out-of-plane displacements. The ultra- 
violet spectrum of C~6C1~0 is quite different from that 
of other substituted pyrenes (Mosby, 1955) suggesting 
that the pyrene skeleton is non-planar. Possible ways 
in which pyrene can deviate from planarity are indi- 
cated in Fig. 1. We find the molecule to be saddle- 
shaped, i.e. model I; packing forces however cause it to 
deviate from the ideal ram2 symmetry. 

Crystal data 

C16Cllo, M=546.7. Monoclinic, a=21.462 (10), b= 
7.494 (5), c= 10.803 (7) A, fl=92.8 (1) °, U= 1735 A 3, 

* Present address: Department of Inorganic Chemistry, 
University of G6teborg and Chalmers University of Tech- 
nology, Fack, S-402 20 G6teborg 5, Sweden. 

Z = 4 ,  D¢=2"09 g c m  -3. Space group P21/n. Packing 
coefficient 0.77. /z(Mo K~) 15.9 cm -1. The compound 
crystallizes from dioxane as yellow needles elongated 
along [010]. 

Experimental 

The crystals were provided by Arne Berg. 
A crystal, 0.01 × 0.14 × 0.015 cm, was mounted along 

b and intensities measured out to sin 0max = 0"5 with a 
computer-steered Supper diffractometer (Kryger, 1975). 
Monochromatic Mo K~ radiation was used with a 
scintillation counter and a pulse-height analyser. 2655 
independent reflexions, for which F2<3.0a(F 2) ac- 
cording to counting statistics, were used in the subse- 
quent calculations. No correction was applied for 
absorption. 

Determination and refinement of the structure 

The structure was determined by direct methods 
(MULTAN,  Germain, Main & Woolfson, 1971). 
Least-squares refinement of atomic coordinates, 
anisotropic thermal parameters, a scale factor and an 
isotropic extinction coefficient, g, gave a final R of 0.038 
(R,v -- 0.040) for 236 parameters. 

The value obtained for g was 5.2 (6)x 10 -7 with f 
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assumed  to be uni ty ;  the m i n i m u m  value o f  Fo/Fo(corr) 
was 0.84. A final difference m a p  showed a m a x i m u m  
electron densi ty o f  0.35 e A -3. 

A t o m i c  coord ina tes  and  the rmal  pa rame te r s  are 
listed in Table  1.* 

The the rma l  mot ion  o f  the a toms  was analysed,  
a s suming  tha t  the molecule  could  be t reated as a 
rigid body  ( S c h o m a k e r  & Trueb lood ,  1968). T, L, and  
S are given in Table  2. The value o f  L was used to 
correct  the bond  lengths for  the rmal  mot ion .  

* A list of structure factors has been deposited with the 
British Library Lending Division as Supplementary Publica- 
tion No. SUP 31311 (12 pp., 1 microfiche). Copies may be 
obtained through The Executive Secretary, International 
Union of Crystallography, 13 White Friars, Chester CH 1 1 NZ, 
England. 

Bond  lengths a n d  selected shor t  i n t r amolecu la r  
dis tances are given in Table  3, angles within the mole-  
cule in Table  4. The a tomic  n u m b e r i n g  and  bond  
labell ing are in Fig. 2(a). Tors ion  angles and  out-of-  
p lane  angles are shown in Fig. 2(b), shor t  in te rmo-  
lecular  distances in Table  5. 

Computational details 

Calcu la t ions  were carr ied out  on R C 4 0 0 0  and  
C D C 6 4 0 0  compute r s  wi th  the fo l lowing p r o g r a m s :  
D a t a  reduct ion  (Kryger ,  1975), averag ing  of  symmet ry -  
related reflexions, DSORTH,  State Univers i ty  of  N e w  
Y o r k  a t  Buffa lo;  Four ie r  syntheses,  JIMDAP,  A. 
Zalk in ,  Lawrence  Rad i a t i on  L a b o r a t o r y ;  fu l l -matr ix  
leas t -squares  ref inement ,  LINUS  (Busing, Mar t in  & 

Table  1. Fractional atomic coordinates ( x 105) and thermal parameters (A. x 10 -4) and their standard deviations 

x y z Uu U22 U33 U12 U13 U23 
el(l)  95844 (5) 17228 (16) -14471 (13) 291 (5) 784 (7) 860 (9) - 3 2  (5) 139 (5) - 1 7  (7) 
C1(2) 90173 (4) 8152 (15) 9768 (10) 344 (5) 767 (7) 543 (6) 8 (5) -121 (5) - 3 5  (6) 
C1(4) 79814 (5) -14328 (13) 19178 (9) 592 (6) 594 (6) 316 (5) 58 (5) -61  (5) 76 (5) 
C1(5) 65938 (5) -10958 (15) 19810 (9) 551 (6) 805 (7) 291 (5) -188  (6) 106 (4) 36 (5) 
C1(7) 57294 (5) 20136 (17) 12657 (11) 480 (6) 944 (8) 554 (7) 39 (6) 197 (5) -279  (6) 
C1(8) 49384 (5) 27237 (16) -10686 (13) 304 (5) 819 (7) 891 (9) 126 (5) 83 (6) - 9 3  (7) 
C1(9) 53961 (5) 20113 (17) -35995 (12) 532 (7) 818 (7) 639 (8) 217 (6) -199  (6) 57 (6) 
Cl(ll) 63678 (6) 1882 (15) -49715 (9) 704 (7) 701 (6) 311 (5) - 8 8  (5) - 6 6  (6) - 4  (5) 
C1(12) 77295 (5) -1538 (14) -50710 (9) 761 (8) 575 (6) 288 (5) 188 (5) 159 (5) 8 (4) 
C1(14) 88614 (5) 15740 (14) -38793 (11) 537 (6) 640 (6) 589 (7) 105 (5) 317 (5) 176 (5) 
C(1) 88175 (15) 10794 (45) -14605 (38) 263 (17) 415 (19) 590 (24) 56 (15) 72 (17) 9 (18) 
C(2) 85496 (15) 6716 (47) -3506 (35) 266 (17) 415 (18) 441 (21) 26 (15) - 5  (16) - 2 6  (17) 
C(3) 79155 (15) 3231 (41) -3194 (31) 319 (18) 318 (16) 309 (17) 9 (14) 21 (15) -41  (14) 
C(4) 75948 (16) -2562 (43) 7625 (30) 365 (20) 378 (17) 259 (17) - 10 (15) - 2 9  (15) - 2 9  (14) 
C(5) 69721 (17) - 8 6 4  (46) 8007 (30) 423 (20) 440 (19) 228 (16) - 9 0  (16) 69 (15) - 5 7  (15) 
C(6) 66107 (14) 7008 (42) -2160 (30) 273 (16) 351 (16) 317 (17) - 7 4  (14) 48 (14) - 9 4  (14) 
C(7) 60165 (16) 14059 (47) -1272 (35) 308 (17) 454 (19) 436 (21) - 7 3  (16) 107 (16) -124  (17) 
C(8) 56636 (16) 18162 (46) -11903 (38) 250 (17) 415 (19) 570 (25) - 1  (15) 22 (18) -102  (18) 
C(9) 58896 (16) 15100 (44) -23623 (35) 348 (19) 348 (17) 455 (22) - 6  (15) - 6 5  (17) 7 (17) 
C(10) 65086 (15) 9748 (39) -24843 (31) 344 (18) 269 (15) 330 (18) 10 (14) - 1 6  (15) 9 (15) 
C(11) 68049 (17) 6179 (42) -36409 (30) 500 (22) 296 (16) 246 (17) - 4  (16) - 1 3  (16) 47 (14) 
C(12) 74301 (18) 4915 (43) -36849 (31) 531 (23) 341 (17) 249 (18) 83 (16) 111 (16) 38 (15) 
C(13) 78339 (15) 6895 (41) -25902 (31) 381 (19) 270 (15) 313 (19) 79 (14) 74 (15) 37 (14) 
C(14) 84746 (16) 10213 (42) -25691 (34) 379 (19) 342 (17) 433 (20) 81 (15) 182 (17) 52 (16) 
C(15) 75462 (15) 5087 (38) - 14320 (30) 312 (17) 254 (15) 282 (17) 20 (13) 51 (14) - 2 2  (13) 
C(16) 68817 (14) 6774 (40) - 13874 (30) 270 (15) 282 (14) 295 (17) - 10 (13) 25 (13) - 2 6  (14) 

Table  2. T, L,  and S and their estimated standard deviations relative to an orthogonal axial system with A 
parallel to a and C parallel to e* 

T is in A 2 × 10 -4, L in (°)2, and S in (°) A × 10 -4. A,~ and AM are matrices for transforming the principal axes of L and the molec- 
ular axes respectively to the orthogonal axes. 

T=  179 -31  L =  6"9 -0"1 S =  -741 -595  -105  
268 8"4 818 -395  33 (8 0.3 1 o) 

tr(T) = 13 9 tr(L) = 0-3 0-2 tr(S) = 81 152 75 
9 0"3 142 77 2047* 

R.m.s. d = 0.0033 where d= Utj obs . -  Uij talc. (0,99 00   00 41) (099.00 96_004.) 
AL = 0"0354 0"0731 -- 0"9967 AM = -- 0"0394 0"1003 -- 0"9942 

0"0204 0"9971 0"0738 0"0839 -- 0"9918 -- 0"0967 

* The trace of S has been set to zero, e.s.d, of deleted S(3, 3) is given. 
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Table  3. Bond lengths and selected short intramolecular distances l (/k), and the corresponding distances 
corrected f o r  thermal vibration 

a C(1)--C(2) 1.389 (5) 1"393 g C(1)--CI(1) 1"714 (4) 1-718 
a C(1)--C(14) 1"375 (5) 1"379 g C(8)--C1(8) 1"710 (4) 1"714 
a C(7)--C(8) 1"379 (5) 1"383 h C(2)--C1(2) 1"713 (4) 1"718 
a C(8)--C(9) 1"397 (5) 1.400 h C(7)--C1(7) 1"715 (4) 1-720 
b C(2)--C(3) 1"388 (5) 1"391 h C(9)--C1(9) 1-706 (4) 1.710 
b C(6)--C(7) 1.388 (5) 1"391 h C(14)-C1(14) 1"726 (4) 1"730 
b C(9)--C(10) 1-400 (5) 1.403 i C(4)--C1(4) 1.710 (4) 1-714 
b C(13)-C(14) 1"397 (5) 1.400 i C(5)--C1(5) 1"720 (4) 1-724 
c C(3)--C(15) 1"414 (5) 1"418 i C(I1)-CI( l l )  1"708 (4) 1"713 
c C(6)--C(16) 1"418 (5) 1"422 i C(12)-C1(12) 1"727 (3) 1-732 
c C(10)-C(16) 1"415 (5) 1"419 C1(1)--C1(2) 3"019 (3) 3"026 
c C(13)-C(15) 1"429 (4) 1-432 CI(1)--C1(14) 2"988 (3) 2-995 
d C(3)--C(4) 1.452 (5) 1-455 C1(8)--C1(7) 3.018 (3) 3-025 
d C(5)--C(6) 1.440 (5) 1.443 C1(8)--C1(9) 2.998 (3) 3.006 
d C(IO)-C(11) 1.454 (5) 1.458 Ci(2)--C1(4) 3.006 (2) 3-014 
d C(12)-C(13) 1.439 (5) 1.443 C1(5)--C1(7) 3.054 (2) 3.062 
e C(15)-C(16) 1-435 (4) 1.438 C1(9)--C1(11) 2.952 (3) 2.960 
f C(4)--C(5) 1.345 (5) 1-348 C1(12)-C1(14) 2.988 (3) 2-996 
f C(11)-C(12) 1.348 (5) 1.351 C1(4)--C1(5) 2-993 (2) 3.000 

CI(11)-CI(12) 2.940 (2) 2.948 

Table  4. Bond angles (°) 

The lower case letters refer to the notation in Fig. 2, e.g. ab means the angle between bonds a and b. 

aa C(14)-C(1)--C(2) 121-2 (3) df C(3)--C(4)--C(5) 120.5 (3) 
aa C(7)--C(8)--C(9) 121" 1 (3) df C(6)--C(5)--C(4) 121-0 (3) 
ab C(1)--C(2)--C(3) 120.7 (3) df C(10)-C(11)-C(12) 121.4 (3) 
ab C(6)--C(7)--C(8) 119.8 (3) df C(13)-C(12)-C(11) 121.6 (3) 
ab C(8)--C(9)--C(10) 120"4 (3) ag C(2)--C(1)--CI(1) 119.5 (3) 
ab C(13)-C(14)-C(1) 120"3 (3) ag C(14)-C(I)--CI(1) 119.3 (3) 
bc C(2)--C(3)--C(15) 118"1 (3) ag C(7)--C(8)--C1(8) 119.3 (3) 
bc C(7)--C(6)--C(16) 119.0 (3) ag C(9)--C(8)--C1(8) 119.5 (3) 
bc C(9)--C(10)-C(15) 117"8 (3) ah C(1)--C(2)--C1(2) 117.3 (3) 
bc C(14)-C(13)-C(15) 118.0 (3) ah C(8)--C(7)--CI(7) 117.7 (3) 
bd C(2)~C(3)--C(4) 125"5 (3) ah C(8)--C(9)--C1(9) 116.4 (3) 
bd C(5)--C(6)--C(7) 124"5 (3) ah C(1)--C(14)-C1(14) 116.6 (3) 
bd C(9)--C(10)-C(I 1) 126.2 (3) bh C(3)--C(2)--C1(2) 121.8 (3) 
bd C(I 2)-C(13)-C(14) 125.8 (3) bh C(6)--C(7)--C1(7) 122.2 (3) 
cd C(4)--C(3)--C(15) 116.5 (3) bh C(10)-C(9)--C1(9) 123-0 (3) 
ca C(5)--C(6)--C(16) 116.5 (3) bh C(13)-C(14)-C1(14) 122.8 (3) 
cd C(9)--C(10)-C(16) 117.8 (3) di C(3)--C(4)--C1(4) 120.6 (3) 
cd C(12)-C(13)-C(15) 116-2 (3) dt C(6)--C(5)--C1(5) 119.3 (3) 
ee C(3)--C(15)-C(16) 119.8 (3) di C(IO)-C(11)-CI(11) 120.8 (3) 
¢e C(6)--C(16)-C(15) 118"9 (3) di C(13)-C(12)-C1(12) 120.4 (3) 
ce C(10)-C(16)-C(15) 120.6 (3) fi C(5)--C(4)--C1(4) 118.3 (3) 
ce C(13)-C(15)-C(16) 119"6 (3) fi C(4)--C(5)--C1(5) 119"1 (3) 
cc C(3)--C(15)-C(13) 120.4 (3) fi C(12)-C(11)-C1(11) 117.6 (3) 
cc C(6)--C(16)-C(10) 120"3 (3) fi C(11)-C(12)-C1(12) 117.6 (3) 

+ ÷ ÷ ÷ ÷ 

÷ ÷ ÷ ,i- ÷ 

(I) ram2 (II) 2/m (III) 1 (IV) 2/m (V) 222 

Fig. 1. Possible modes of out-of-plane distortion and their maximum symmetries; + and - denote displacements from the plane 
defined by the six central atoms, + is the displacement from the plane defined by the neighbouring atoms and may be in either 
direction. 
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Table  5. Intermolecular contacts less than 3"65 A 

Symmetry code 

(i) 1½-x, - ½ + y ,  - ½ - z  
(ii) x, y, 1 + z 
(iii) 1½-x, - ½ + y ,  ½-z  
(iv) ½+x, ½-y ,  ½+z 

Molecules within a stack are related by symmetry operation (i). 

(v) l - x ,  - - y ,  - - z  
(vi) ½ + x ,  ½- -y ,  - - ½ + z  
(vii) 2 - x ,  - y ,  - z  

C1(1)--C1(9 t) 3.531 (3) C(16)-Cl(14') 3.483 (4) 
C1(4)--C1(11 i) 3.615 (3) Ci(4)--C1(12") 3.459 (3) 
el(11)-C1(2 l) 3.538 (3) C1(5)--C1(11") 3.487 (3) 
Cl(11)-C(I ~) 3.477 (4) C1(4)--C1(7 m) 3.512 (3) 
CI(11)-C(2 ~) 3-406 (4) C1(5)--Ci(2 m) 3.497 (3) 
CI(12)-C(6 ~) 3.422 (3) CI(1)--CI(9iD 3-588 (4) 
C1(12)-C(16 ~) 3.579 (4) C1(2)--C1(9 ~') 3.389 (2) 
C(1)--C1(9 ~) 3.484 (4) CI(8)--CI(5D 3.600 (3) 
C(6)--CI(14 ~) 3.384 (4) C1(14)-CI(8 ~i) 3.427 (3) 
C(14)-C(9 i) 3.648 (5) C1(1)--C1(2 TM) 3.568 (2) 

Levy, 1962; Coppens  & Hami l ton ,  1970); dis tances 
and  angles,  ORFFE (Busing, Mar t in  & Levy, 1964); 
drawings ,  ORTEP ( Johnson ,  1965). 

The quan t i ty  minimized was r=~w(lFo[-lFc[)2/ 
~wlFo] z where w=[(a(g2)+l.OZr2)l/2-lFol]-2. The 
scat ter ing factors  were those of  C r o m e r  & M a n n  (1968). 
R and  Rw are defined as R='AlIFol-IFcll/'YIFol and  
Rw = [~w(IFol -IFA)2/YwIFolZ]'L 

Discussion 

The decach lo ropyrene  molecule  is no t  p l ana r  bu t  is 
saddle-shaped  as in model  I (Fig. 1); the devia t ions  
f rom p lanar i ty  are given in Table  6 which gives a tomic  
coord ina tes  in a molecu la r  axial system. The central  
pa r t  of  the pyrene  molecule  is a lmos t  p lanar ,  i.e. C(3), 

CLl2 

01-11 

CLlq 

CL9 

,.,,,,2 CL1 

g 

CL2 

~ CLq 

3q 

~ ) C L 5  

OL7 

Q 

".1" 

OL8 

(a) (b) 

Fig. 2. (a) The molecule showing the numbering of the atoms and the labelling of the bonds. (b) Torsion angles and, in parentheses, 
the angles between C-C1 bonds and the plane defined by the neighbouring three atoms. Standard deviations are in the range 
0.4 to 0.5 °. A positive torsion angle i-j-k-l is defined such that when looking alongj-k a clockwise rotation makes i-j super- 
impose k-l. In the diagram the arrows point from j towards k. 

Fig. 3. A stereo view of the unit cell contents as seen down [0T0]; a is up the page, e across. 

A C 32B - 2 
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C(6), C(10), C(13), C(15), and C(16). Torsion about  
bonds of  type c together with a splaying of  angles bd, 
bh, and di (Table 7) and out-of-plane displacements of  
the substituent groups suffice to increase the short 
C I . . .C1  distance from 2-4 to 3.003 (1)A,  which is 
similar to that  found in other halogenated aromatic  
compounds" octachloronaphthalene 3.032 (2) A, 1,3,6,8- 
tetrafluoro-2,4,5,7,9,10-hexachloropyrene, 2-968 (2) A 
(Hazell & Weigelt, 1976) and 1,10-dichloro-3,8- 
dimethyl-4,7-phenanthroline,  3.082 (2) A (Herbstein & 
Kapon,  1972). 

Table 6. Coordinates, in A, relative to an axial system 
calculated for the atoms marked with asterisks 

x is along the molecule, Z perpendicular to the molecule, the 
standard deviations are approximately 0.004 A for C atoms 

and 0.001 A for CI atoms. 

X Y Z 
C(1) - 3.406 - 0.007 0.631 
C ( 2 )  -2.756 - 1.213 0.382 
C(3)* - 1.418 - 1.233 0.002 
C(4) -0.669 -2-419 -0.387 
C(5) 0.679 - 2.409 - 0.379 
C(6)* 1.410 - 1.237 0.038 
C(7) 2.738 - 1.244 0.456 
C(8) 3.422 -0.050 0.590 
C(9) 2-809 1.174 0.292 
C(10)* 1.437 1.228 0.002 
C(11) 0.671 2.427 -0.319 
C(12) - 0.680 2-426 - 0.295 
C(13)* - 1.430 1.239 0.038 
C(14) -2.778 1-201 0.413 
C(15)* -0.719 -0.001 -0.040 
C(16)* 0.720 0.004 - 0.040 
CI(1) - 5.005 - 0.022 1.261 
C1(2) - 3.625 - 2.658 0.710 
C1(4) - 1.467 - 3.770 - 1.076 
C1(5) 1.532 - 3-728 - 1.091 
CI(7) 3.522 - 2.679 0.988 
CI(8) 5.046 - 0.070 1.136 
C1(9) 3.784 2.570 0.449 
Cl(11) 1.455 3.852 -0.853 
Cl(12) - 1.493 3.850 - 0.852 
C1(14) - 3.692 2.626 0-773 

Table 7. Mean vahtes o f  selected angles, showing the 
splaying of  angles on going from C16H10 to C16F'4C16 to 

C16C110 

C16Hlo C16F4C16 ,d Cl6Cllo A 
bd 122.1 (1) 123"6 (2) 1.5 125"5 (2) 3"4 
bh 118.9 (2) 121-6 (2) 2.7 122.5 (2) 3.6 
di 118.7 (2) 120.8 (2) 2.1 120.3 (2) 1.6 

The C-C distances are very similar to those in pyrene 
and substituted pyrenes (Table 8); comparison has 
been made with structures determined by X-ray 
diffraction as there are systematic differences between 
the bond distances determined by X-ray and neutron 
diffraction (Hazell, Larsen & Lehmann,  1972). 
Al though deviations from planarity should lead to an 
increase in bond distances, the changes observed do 
not  correlate with the torsion angles. 

Table 8. Comparison of  mean bond lengths (A) with 
those of  pyrene 

The values for pyrene are the mean of the observed values for 
pyrene (Allmann, 1970), 2,7-di-t-butylpyrene (Hazell & Lom- 
borg, 1972) and pyrene/TCNE (Larsen, Little & Cop- 
pens, 1975). r is the mean torsion angle for the bond, d the 
difference between the values for C16Cl10 and C16H10. 

C16H10 CloCllo A "t" (o) 
a 1.388 (1) 1.389 (3) 0.001 (3) 3.3 (2) 
b 1.399 (1) 1.395 (3) -0.004 (3) 7-5 (2) 
c 1.421 (1) 1.423 (3) 0.002 (3) 15.3 (2) 
d 1.437 (1) 1-450 (3) 0.013 (3) 22.1 (2) 
e 1.423 (1) 1"438 (4) 0"015 (4) 1"6 (3) 
f 1.345 (1) 1.350 (4) 0"005 (4) 1.0 (3) 

The packing is shown in Fig. 3. The crystal is com- 
posed of  stacks of  molecules with the stack axes parallel 
to b. The molecules within a stack are related by a 
screw axis and do not overlap completely, which results 
in part  of  the molecule being essentially free. The 
packing forces result in one hal f  of the molecule being 
compressed resulting in smaller out-of-plane deforma- 
tions, o(1AI)=0.812 for C1(8) to C1(14) and ( IAI )=  
1.025 A for CI(1) to C1(7). The C1..-C1 distances in 
the compressed ha l f  of  the molecule are also shorter, 
2.981 (1) compared with 3.025 (1)A. A similar effect 
has been observed by Gafner & Herbstein (1963) for 
octachloronaphthalene.  
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