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ABSTRACT 

The crystal structure of bis-(m-bromoben~oy1)methane has been 

determined, arid the three dimensional scintillation counter data refined 
! 

by anisotropic least squares, The molecule i s  nearly planar, with a 
L 

maximum deviation of 0.12' from the least squares plane, and i s  
I 

tilted in the'unit cell $29.9 * from the (010) plane. The molecule has 

a short iptramolepular hydrogen bonded distance of 2.464 + .0  15 X, 
I but the thermal parameters sugge~ t  an anomaly. Symmetry requires 

t 

complete equivalence of the two C-0 groups and the intervening C-C 
, . 

bonds of the $no1 ring, and the thermal parameters support the inter - 
\ '\ 

pretation that tMs equivaf ence i s  real  rather than statistical. 
\ 

Contributipn No. 1028 , , wbrk wa8 performed in the Arnes 

Laboratory of the U. S, 4tomic Energy Cornmission. 
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INTRODUCTION 

The dibenzoylmethanes have been the subject of considerable study 

because of their strong hydrogen bonding and their ability to chelate 

with a variety of metal ions. Infrared spectroscopy has been one of the 

principal tools used to study both the parent compounds and their chelates, 

along with studies of. substituent effects on the ionization constants. In 
. .  . 

addition, s.&veral x-ray studies of the chelates have been made. It has 

been established that these p-diketones exist primarily in the en01 form, 

but, whether t h e  in01 is  a resonance hybrid of 
. . 

. . .  . . 
, . , , , : ' 0%. .'. H-0 0 - H  - 

' , . . '  . I ,  .. . . .  . . . . 
. . 

I I 
, . 

., R-G C-R and R-C . .  \-4 * 

o r  i s ~ b e t t e r ; r ~ ~ i e s & t & d  by a single structure ha& remained a matter of 
... , i '. ' 
: . 

. . . . . . ' b:. 

~ i b ~ n ~ c i ~ l & i e t h & e , .  . . b i s  (m-chlorobenzoyl)methane, and bis (m-bromo- 
. . 

, '  . 

beneoyl)rneith&,$e' crys  till ize in three different space groups, with the 
. . .  , 

haloien'i3ubstituted dompbunds having unit cells of about half the volume of 
. . 

. . 

' the unit ckIl.of .dibefizoyimethane itself. Preliminary evidence indicated 
. .. . . .  . . 

..that the chlor6 derivative lacked a center of symmetry. Crystals of the 
. . -- . . . 

brornodei-ivativk were, found to possess a center of symmetry, and the 
. .' 

. .  , 

molecule also has twofold symmetry in the crystal,  reducing the number 
. .  . 

. . 

of parameters-. .,The bromo derivative has a sufficiently heavjr atom to 
-.. II. 

. '  . \ {  . .. 

make the initial phase9 of the structure determination simple, but' heavy 
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enough to be less than ideal for obtaining precise distances between the 

lighter atoms. 

EXPERIMENTAL 

bis (m-Bromobenzoyl)methane was prepared by reaction of 

m-bromoa~eto~henone with ethyl m-bromobenzoate in the presence of 
c 

?odium amid: (Borduin, 1954). Crystals suitable for x-ray analysis, 
L 

. . 

'in the ' form of thin. n&edles, were obtained by recrystallization f rom 
, , 

chloroform. Weissenberg and precession photographs indicated the 
I 

unique space ,group. Pnca, with lattice constants a = 26.48, b = 4.054, 
. . . . . .  . . . . .  . .. 0 ' .  3 
and.:c , . . . ,  =: i1'2'.' 79: A. ' ,   he observed flotation density was 1. 8 g/cm ; for 

. . : . .  . . ... . 
. . . .  ' . .  . 

? '  .. . 3 ' f b u i ' . ~ & ~ ~ ~ ~ l & s  . , .  . . in::the unit c t l l  the calculated density is  1.85 g/cm , 
. . . . . . .  . . . . . .  . . .  . .  . . , . 

: . ' - .  ~ ~ m ~ l ~ t e . + i s ' u a l l y  . . .  judged Weissenberg intensity data were taken 
. . . . .. . 

.: I,), . '  . . % .  
, . . .  . . 

~ r s i i i ~ . ' & @ ~ e r  . . radiation;' .with rotation about the' b (needle) axis. In addi- 
... , ' , .  . . . . . . . 

I . . .  . .  . 
ti& t o  h e :  usGal ~b re i i t t .  and, polarization corrections, a beam divergence 

. .  . . . 
. . . . . . 

'cp&ec~i&n . . ( ~ u m k ~ , ' ; 1 9 5 6 )  was made, but no absorptio? correction was 
... ,, . . . . . ... . , .  .. . . . . 

made:. . . ~ h & s e  . data were uied for the structure determination; however, 

because.of ... . . the relatively high diffracting power of bromine, they were 
. . . . 

' - . .  , 

not'of'sufficient'quafity . . to obtain accurate bond distances between the light 
. . 

, . 

atoms in,.this str,ucture,.. .. 
. . 

. Fdr  t h e  refinement of the atomic positions a new set of data ,was 

. . 
obtained by counter methods, using a different crystal. The crystal 

selected for' courrLei. ls~eaaurernc~t 'o  w i s  a needle . 7.4 mm in length and 

of equilateral trapezoidal cros s section. ' The thickness perpendicular 



to the parallel faces was ,055 mm; the long parallel face measured 

. 0 7 5  mm, and the short parallel face measured .048 mm. A General 

Electric XRD-5 x-ray unit equipped with a single crystal  orienter and 

scintillation counter was used with the moving crystal-moving counter 

technique, , a 0 . '3"  takeoff angle and a 2 . 2 "  diffracted beam aperture. 

To eliminate e r r o r s  involved in planimetering rate meter charts,  the 
. . .  . . .  . . .  

total c&nt . . . w&. . r6'coidkd . . directly from the icaler .  The copper radia- 
.: . . .  . . . . . . .  

tion was filtered through nickel foil placed in the diffracted beam path. 

A 200 second scan, covering 3 . 3 3 '  in 20, was used for each reflection; 
, . , . .  . . ' . . . .:. . '  , . . ) . '  ' 

average', ratd was tqi:reflections per hour. A standard reflection (24, 0, 0) 
. , . , . ,. . , . . . . . .  . . .  

. . . . . . . .  . . 

was t&kenperibdiFally , . and al l  data scaled to it. A slow variation of about 
. . . . . . . . .  ::.: . . . . . . . .  .., 

% .  . . . 
, : .  . . . . . . .  . ,. . . .  

257i 4d.s . , observed'ih the standard reflection; this variation was probably 
. . . .  . . .  . . .  . . . :  .i, .: (( . . . .  . . . . 

, , .  . . . .  

caused, . . . .  by,:'&, faklty::x-rky"tiibe, which also showed about 25% i ron radiatiqn. 
. . . . .  :., .:", . . . . . . 

. . . . .  . . . . .  . .  ' 

" . .  * . ' .  . . . . . .  . . . . .  

SinglkcEyGtdloriente.r, . . . . . . . . . . . .  settings were precalculated on the IBM 650 
. . . . . . . .  . . .  . . . . .  . . :  . . . .  . . .  . . , . . . . . . . . .  . . : 

, . .  . . .  
corn$utk i ' (~u l i~sky , '  . . . . . .  1960). The background for each reflection was 

. . . . . .  . . . . . . . . . . . . .  

estimated . . .  frbm . a.plot.of . average background versus 20. All reciprocal 
. . . : , . . . . . 

, . . , . . 
. . 

lattice up,t& Q = 77. 5' were scanned, resulting in 8 3 9  observed and 

. . . .  

.The es'timaAed e r ro r  of each intensity was calculated with the formula . . 

where A (I,) i s  t h e  standard deviation of the observed intensity, CT a re  

the total counts, and CB are  the background counts. The f i r s t  two terms 
I 

8 .  

in this formula represent.  the statistical counting e r ror .  The third t e rm 
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represents  e r r o r s  proportional to the net count, e.  g . ,  fluctuations in 

the beam intensity, e r r o r s  in the absorption correction, etc. This  

t e r m  se ts  a lower l imit  of 4% in the estimated relative e r r o r  of I, when 

statistical counting e r r o r s  and background e r r o r s  become negligible. 

The las t  t e r m  adds an e r r o r  contribution caused by uncertainty in the 

graphically estimated background count. Unobserved reflections were  

a s  signed their probable intensity value and probable e r r o r  depending on 

the minimum intensity observable a t  the reciprocal  latt ice point in  

question (Hamilton, 1955). Graphical corrections were made for those 
', , ' 

reflections most  seriously affected by non-characteristic radiation 
. . . . 

( s t r e a k i n g )  o r  , b y  the i ron radiation component. The Lorents  and polariza- 

tion . corrections . were made in the usual way. No extinction correct ion 

, . 
was used: . . 

. . . . '  . . 

~ b s ~ r ~ t ' i o ~  corr{ctio&. With the more  accurate counter data the ab- 

sorption'. . correction . could not be neglected. Attempts to grind spherical 
. .  . 

. . 
o r  e,llipsoidal crybtalsfni led.  It was decided, therefore ,  to c a r r y  out 

. .  . . . 
.. . 

the necessary  integration for  each reflection on the Cyclone computer. An 

absorption correction program, designated ABCOR-I, was written fo r  

this purpose. . The mathematical method used was s imi lar  to that used 

previbusly ( ~ u s i n g ' ,  1957). 'but generalized to three dimensional data, and 

with-the number.of integration grid points, m ,  variable f r o m  m = 4 to m = 7. 

Because of .memory restr ict ions,  (only 1,024 words of memory were 

available on the Cyclone), i t  was necessary to . res t r ic t  the planes bounding 



the crystal to be either parallel o r  perpendicular to the goniometer head 

axis, a condition frequently met in practice, a s  it  i s  indeed in this case. 

The crystal coordinate system was defined by taking the y axis toward the 

x-ray source, the z axis vertical, and the x axis toward the front of the 

orienter,  when + = ;Y = 0 = 0. The planes bounding the crystal  were ex- 

pressed on this basis. For  a general single crystal orienter setting 

( , O), t h e  direction cosines of the incident beam vector, transformed 

to crystal 'coordinates, are: 

, .  . : .  . .  
- '  pj, .= cos . cos X sin 0 - sin + cos 0 . .  , I ' 

P~ 
= sin + cos JC sin 0 + cos + cos 0 

= sin X sin Qs * .  . P  z: . , . .  . . . . ,  , .. . . 
, ... 

' The'dimectier! . . cosine$ ,of .the diffracted beam vector .are: 
. . , .. . '  . . 

.; 
f 

. . p i  = cos + .  cos )C sin 0 + sin + cos 0 

The in'cident and diffr'acted beam path lengths to each grid point may then 
. . . . .  

. . . . 
be found..wifh the formulas, given in Busing's paper, and the integral 

evaluated. The cdlculated absorption coefficient of 68. 1 cm- l  was Used 
. . 

( ~ n t e r n ~ t i o n a l '  ~ a b e l l e n ,  1935). To check the accuracy of the integration, 
. . 

a the absorption correction for a selected group of 11 reflections was 
. . 

+alculited . with . m = 4 , 5 ,  and 6. The maximum difference between the 

m = 4 case arid.the m = 6 case was . 9670, with an average of .22'%. The 

maximum difference between the m = 5'case and the m = 6 case was .2370, 
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with an average of . 15%. It was decided that m = 4 would provide sufficient 

accuracy. .The value of the t ransmission factor varied f rom .45  to . 72, 

with an average near  - 6 5 .  Each integration with m = 4 required approxi- 

mately 6.  seconds on the Cyclone computer. Absorption corrections fo r  

.the unobserved reflections were obtained graphically. 

, Fo r '  .carbon and oxygen the scattering factors  of Berghuis (1 955) were 
. . 

used; for bromine.:the . . scattering factor of Thomas and Umeda (1957), 

corre'cteid fdr'.anomalous dispersion (Dauben and .Templeton, 1955), was 
. . 

. . 
used. ' ; . . . . .  % . . . 

. . . . ' .  . . . 
. .  . , . : 

. . . .STRUCTURE DETERMINATION 
b 

. . 
.'. , . . ,  . .  . 

~ h e ~ r o j e c t i b h  ontb the '(010) plane, which has no overlapping atoms, . . .  , 
. . . . .  

was. sGl4ed . firs . ti . 1:. . , .   he. app=okimate bromine parameters  were 0btaine.d 
. . . . . , .  , 

' . . .  . . 

f r o m  t'he two dimeqiioial .  Pat ter  son function. After improving the bromine 
. . , . 

param'etler s ' by calculation of an electron density projection, the oxygen 
. . . . . .  . . . 

, . and all cai.bon.at&& were p lacedin  approximate positions: based on a 
. . 

. .. . . 

planar molec'*lar model. with assumed distances and angles. After severa l  
,. \>\ 

cyci.b s '  of struct.kTe factor calculation and electron density projection al l  
. . . ' . 

. ? . . ,  . . 

atoms wereWil l  defined. The projection was then refined by the least  
,. . .  

The Patterson projection onto the (00 1) ,plane indicated a bromine y . . 

paraineter of 11-4; however, a planar model based on this bromine y 
. . 

p a ~ a r n e t e r  diverged during attempted refinement by the least  squares method. 

The situation was complicated by an ambiguity which remained f rom the 



(0 10) projection, which made possible the substitution of new z parameters  

z1  = 114 - hwithout affecting the fit to the (hog) reflections. A bounded 

Fourier  electron density projection between x = 0 and x = 1 /4  onto the (100) 

plane suggested that the bromine was shifted away slightly f r om y = . 25 

but did not indicate which way. The problem was solved by attempting to 

refine a la rge  number of models having a bromine y parameter  shifted 

by varying amounts both ways f rom y = . 250, using a limited number of 

. ieflections 'ki th t h e  4 indet  odd, and with the z transformation re fe r red  

to above. . . .  . Finally'a model was found which would converge. The complete 

three . . di&k&ii.nal . . f i l m  data were then refined by the leas t  squares method 
. . 
. . 

(43 par,am&tkis).;: the :final unweighted discrepancy factor was 0. 155 for 587 
. . .  . > .  . . . . . . 

. . .. . . 

obserbe'd' reflictio&. The standard deviations of distances betwien light 
. _ . .. 

atoms-.were',rafher.-large, , . about 0.05 A, with the f i lm data. It Gas decided 
.; . . . .  :.,,.; ' . :  . .  . . . . . .. . . . .  : . . . .  , . .  . . . 

to obtain more  accurate intensity data using a scintillation counter. 
. : . .  . 

. . . . .  4 . . . , ' . '  . . .  . ' . .  . : . , 

. ~ , ~ u . r i , e i . & ~ l c ~ l ~ ~ ~ d ~ s ' ~ w e r e  madkon the IBM 650 using the program of 
. . , .  . . ,  . . . .  . 

_ . . . .  . . . .  . ,  . 

, ~ i t z w a . t &  and . . . .  ~ i 1 l . k ~ ~  . (1959); l e i i t  squ i res  calculations, pr imar i ly  using 

only . . .  diagonal matrix' elements, with individual isotropic temperature factors  
, :  . . .  . . . . , . 

. . 

and layer 'scale 'factors, were also made on the IBM 650 using the program 

Refinement of.',the scintill.a,ti.on cnltntar data. 

 he complete "&trix p r o g r d k  of Busing and Levy (1960). for the IBM 

,704, was used for :refinement of the scintillation counter data, using 
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individual anisotropic temperature factors and a single scale factor (87 

. . 
parameters) .  Convergence was obtained after four anisotropic cycles 

with a weighted discrepancy factor, including unobserved reflections, 

of 0. 113.   ow eve^, a study of the individual s t ruc ture  factors  revealed 

unusually poor agreement,  grea ter  than six t imes .the expected e r r o r ,  fo r  

26 reflections. These reflections were given zero weight for  the following 

three least  squares cycles,  which resulted in a drop of the weighted 

' .discrepancy factor ,  ' including unobserved reflections, to 0.068. 
, . . .  . . 

. . 
The intensities of the group of reflections showing poor agreement 

,.. . ' 
. .. 

, . . . 

were: . . . .  r'emeavured, . using a different c rys ta l  (the original c rys ta l  was 

. . . .  . . 

a~cident i l ly , los t ) .  . . . . .  A marked improvement in the agreement  between 
. . . . .  . , . : . . ,.  

obke.rved ,afid'&al,culated values of the intensities was noted in nearly . .  . .  . . .  
. . ~. ., . . 

. , ,, . . . .. . . . .  , '  . . 
every;case. .These remeasured  intensities, plus the r e s t  of the original 

. . .. . 
. .,  

. . 
data, '  .were used to calculate three di,mensional electron density and 

. . . . . . . , . . 
, . . .  . .. . 

d i f f e r e n c k . ~ o u ' i e r  .. . maps,,, using the IBM 650. These maps verified the 
. . . . . . . . 

, c o r r & ~ t n e > s  of the model by revealing no spurious holes o r  peaks in the 
, .. . ., A 

electron' . density . distributibn. Both the electron density and difference 
. , 

rnaps .~ '~ lea r ly~  sho&kd.the presence of five'of the s ix  hydrogen atoms in the 
, . . .  . . . . . 

a~y 'm'me t r i c  .unit.,. the' exception being the enolic hydrogen. 

For  .the final ref inekent  of the revised data these hydrogens were 
. . . . 

\ 

inclcded ii;&tropically a t  calculated positions along a line parallel  to the 

intersectidn of the leas't squares benzene ring plane and the bisector plane 

0 

between the neighboring ring atoms at  a distance of 1.08 A from the attached 

0 
' 

carbon atoms. The C hydrogen was placed on the twofold axis 1.08 A f r o m  
8 

C8. At the end of the final two least  squares refinement cycles the weighted 



discrepancy factor, including unobserved reflections, was 0.071 ; the 

unweighted discrepancy factor for 839 observed reflections was 0.057. 

Table I gives the final values of the parameters and their standard 

. . deviations. The quantity [zw(Fo-Fc)2/(m-n$ 'I2 was 1.48, indicating 

a reasonable as  ?ignment of weighting factors. All standard deGiations 

quoted in.'this.gaper. a r e  based on the complete inver'se matrix including 
. . . . .  . . . . . .  , . 

, 
co~ariances.;.analysis~of the data was greatly facilitated by use of the 

:: .:., . . . . . .. 
' .  : . . . . . . . .  . . .  . . . .  . . . . .  . . . . .  . . .  . . . . . .  

. 1 ~ ~ : ' : 7 0 4  , . . ~ & i i b h  k i d  E r r o r  program of Busing (1959). Table I1 gives 
. . . . . . . . . . . . . .  

. . . ,. . . . .  

d .lis&: of'the.:hbse$v&d, . . . . . . .  and calculated structure factors on a relative scale; 
. . . . . . . . . . . . . .  . . . . . . . .  . . .  . . . . . . .  . . . .  . . .  . . .  . . . . . . .  . . .  . . .  a , ' . ,. ' . , : . . :. 

..,the.:~~al&.jfact~r,for.;c'ohversion . . . . . . . . , . . .  to absolute scale i s  . 3,632 t .0013. 
. , . .  . . .  . . . . . . . . . . .  . - 

. . . . . . .  . . . . . .  . : .  . . . . . 
. . . . .  
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DISCUSSION 

The structure consists of nearly planar molecules,  with their long 

axis along a and shor t  axis along c ,  tilted f 29.9' f rom the (010) plane 

( F .  1 Least  squares planes were fitted through the benzene ring (A), 

the en01 ring (B), '  and the ent i re  molecule (C); Table 111 shows the distances 

0 

of the atoms f rom each plane and the equations of the planes in  A units. 

Both the beitrzene ring and the en01 ring a r e  planar within experimental 
. . 

. . . e r r o r ;  . . the . maximilm deviation of the ent i re  molecule f r o m  i t s  leas t  squares  
. . 

0 '  

. . plane i s  0. 120 A, with the bromine atom being above the plane, and C4, C5, 
. .  . . . . . .  

. '  . . .  
. , 

and c;:beihg below the plane. The inclination of the, benzene ring f r o m  the 

. . . . 

molecular.  plank is ,+ tr. 1 : 70. The intramolecular distances and angles (Table 
. .  ' . .  . . . -  . 

. . . . , . . . . , 

IV) ,&re .ali very  c l o s e  to. the expected values, with an  average benzene ring 
. . 

~ - . C - ' d i @ t a ~ c ~  of .  1:394 d;. The C - 0  bond (1. 306) is intermediate between 
i 

. . . . 
. .  . . . 

the r k r m a l : C = ~ . ( ~ .  . .  . 23) :and C - 0  (1.43) distances,  but perhaps slightly 
. . . .. . . .:. 

longei 'than &xpectedfor  50%.double bond character  (1. 29). The C7-C8 
. . . . . . 

L .  

, .  . . . 

' .  distaiic&,'(l. ..393) is,' the .same .as the C-C distances in the benzene ring 
. , .  . . . . ,  

I .. . _  . < .  . 
. . 

within experimental  e r r o r  ,' and i s  considerably shor ter  than the normal  

single . bond . value .: The ~ 3 - c ~  distance (1. 457) i s  also shor t e r  than the 
. . . . 

single' bond value, but in good agreement with a single bond C-C between 

carb6ns with t'r igonal coordination (Dewar and Schmeising, 1960). 
. . 

. . 

The shor t  0 - 0 d i s t a n c e  of2 .464 d; confirms the presence of a strong hydrogen . . 
. . . . . . 

bond; the standard deviation for this distance is l a rge r  than the others  because 
. . 

of the l a rge r  thermal motion and the twofold symmetry  relationship between 

these atoms. The Br -C1 distance (1.90 1 + .007) i s  longer than the corresponding 



- distance observed by electron diffractionmethods in bromobenzene (1.86 f .O2), 

Yuzawa and Yamaka, 1953), or in p-fluorobromobenzene (1.'87 + - .02, 

Oosaka and Akimoto, 1953), o r  observed: crystallographically in 1, 3, 5- 

tribromobenzene (1.86 + . 0 4 ,  Millard and Pant,  1960). The Br  - G I  

.'dista,nce is especially sensitive to systematic e r r o r s ,  which cause 

ripples in the electron density map in the vicinity of the heavy atom; 

dining the procei  s of .refining the various se t s  of data this effect was 
. . . . .  . . .. 
. . 

.. notiekd:as' . . e r r a t i c  dhanges in this distance until the final cycles. In 

+iCw of this fat i , '  and of the ra ther  la rge  standard deviations reported 
. . I " . 

, . .  . .  . . 

i n t h e  . .literature . c i t ed  above, no significance i s  attached to the difference 
: . .  . , 

between..the .value found here  and those cited above. 
. . . ,  . . .  . . . 

: . : ~ h e ~ e a r e  . . .  . ,  s t kon&,nded neighbors dis t a m e  (Table V) , based on the 

% calculated hydrogen positions, show that the oxygen atom is suriounded 
. . . . : . I  . . 

' . , . :. ,.... . . .  . . .  0 

by Hi, H4,  and:.,^^ at' 2.; 37 ,  2.49, and 2.8'3 A respectively, which 
. . .  , . ,  

r e s t r j t  i tb:later&lrnotion. The closest intermolecular nonbonded 
. . . . . . 

. . : .  : . . 
: , 0 

apProaclies . . a?& between H and H at 2. 38 and 2.67 A. A close intra-  
2. 5' 

. . .  
0 

mole+.d+r, $ppioacho+ur s between H and H8, a t  2.0 1 A, assuming that 4 
. . .  ' . . . . 

these hydrogens Iie in the planes of the benzene and en01 rings respectively. 
. . . . 

The perpendicular'distanee between least  squares molecular planes i s  3. 514 A. 
. . 

The thermdl s tereograms '  (Fig. 11) do not show any pronounced oscillation 
. . ,  

of this . .  r a t h e r r i g i d  . mdiecule about i ts  major  axes, a s  would have been 
. . 

expected. Possibl.y.any such motion is masked by systematic e r r o r s  in the 

observed light atom vibrations in the presence of the heavy. atom, but .it s eems  
I 
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more  likely that they a r e  masked by the pecularit ies of the en01 ring 

(see below). The standard deviations of the RMS thermal  axes (including 

0 0 

covariances) a r e  0.001 A for  the bromine atom and 0.01 A for a l l  other 

atoms. . . 

The greates't thermal  anisotropy is shown by the bromine and oxygen 

atoms.  The bromine atoms has i t s  minor thermal  axis near ly  paral lel  

to the ~r -C bond, a s  might be anticipated, with the mean and major  axes . . . . 
. . 

nearly,norrh,al to this bond. These axes a r e  consistent with some motion 
. .  . 

of .the .molecule as, a whole with relatively la rge  .Br -C bending amplitudes. 
. . . ' 8 . .  

. . . . . . . , 

.. Of special  in teres t  is the thermal  s te reogram for oxygen. The en01 
. . 

i,s requiie.d:by crystal  symmetry  to have equivalent C - 0  bonds, but if  
. . 

thgse &re @tatistically equivalent due to random arrangement  of . . 
. . . . .  . . ) .  . . 

. . . .. .. . . 
. . .. : .  ' ,o .:I ,H-O' 0 - H  ".."O 

. . . . . .  . . . 
, . . 8 . / I : .  ' "  I b 11 
. . .: R - c . ' C r R  R - C  C - R  

' // and *c / 
. . .  C 

1 .  . ' . '  I 
, . . . . . ' ' . H.. H . . . . . . 

mole&les within:the: unit' cell ,  t h e n  the oxygen and neighboring carbon 
. . . , .  

, ~ . . ' 

position's should .show abnormally large apparent RMS amplitudes paral lel  

' '< 

to t h & ' . ~ , - 0  :bones. .. This is clear ly not so ,  and the thermal  pa ramete r s  
. .. . ' . .  . ,  . . 

strongly $ugges.t:'that the two C - 0  bonds a r e  equivalent, corresponding 
. ' .  . . . 

. . 
to resoxian=&; b&.tween. the two fo rms  shown above. All sensitive distances 

. . , . 
I .  

a r e  .a l so  more '  compatible with this interpretatiori than any other .  Note 

that C - 0  i s  . 1'. . 306, . C3-C8 . i s  1.457 (trigonal single bond), and C7-C8 is  
. . 

1. 393 (50% .double bond charac ter ) .  

The abn&mmally low thermal  axes in the molecular plane may be the 

resul t  of the restr ic t ion of the oxygen in this plane due to very close 

hydrogen neighbors ( see  above). The very  high amplitude out of the 



molecular plane is, however, unexpected and suggestive of an  anomaly. 

It i s  to be noted that L C7-0-0  is only 89. 5 O ,  s o  that LC7-0-H 
I 

would be abnormally small  i f  H were directly on the line of centers  

between the oxygen atoms. It s eems  likely, in  the circumstances,  that 

this hydrogen bond i s  bent, a s  shown in Fig. 3a. If this is t rue,  then the 

0 

very close 0-0 cqntact of 2.46 A, among the shortest  known for  hydrogen 

bonds, may lead to strong 0 -0 repulsion, and a warping of the oxygen 

atoms out of the molecular plane a s  shown in Fig. 3b, so that the oxygen 

atoms a r e  at..&andom in positions m o r  positions n of that figure. This 
. . . , 

. . 
! would' lead ;to 'the apparently very high amplitude normal  to the ring. 

.. : ' . . '  . . . . ,  
, . . : . . .  .: . . . . - 

, ~nfort<LatBly, , the '&-ray  data a r e  not sufficient to confirm this conjecture. 

. . 

. . This sugge.stiori~does, . . '.howkver, have the additional mer i t  that i t  would 
. . . . 

lead ' ts  sdme"distortion or ' randomness in the carbon positions near  the 
. . . . .  

. . . . . . .. . . , . 1 ' , '  . . " 
oxyge ,~s ,  'that i s ,  n6dr.the center of the molecule, leading to apparently 

. . 

. . high therm.al for  t h e a t o m s  and obscuring the oscillations of 
.. , . .  . . . . , .  

. , 
. . .  . 

this .  rigid.,m'olecule a s  a whole, which a r e  to be expected. . (Possibly the 
. . 

bingle bond charadter  . . of C3-C8 reduces the rigidity, a l so  giving some 
. . . . . . .  : 

. . . .. 
. .  . : , . . .  . .  

& ~ t ~ s t o ~ - i i b i a l , : f ~ . i e ' d o m  to the en01 ring which would show most  clearly 

. . 

in the 'theirkal pkiiameter s of the oxygen atoms. ) 
: .( , . 

In spite'. o f .  the fact that this s t ructure determination seems to settJe 
'\ 

the nature o f  the enols, a t  least  .of the aromatic  -diketones , the interest  
, . . .  

. . 

in this' point and' in the short  hydrogen bond has caused us to r eg re t  the 

uncertainties introduced by such a heavy atom a s  bromine. ' Accordingly, 

the s tructure of the corresponding (but not isomorphous) chloro -derivative 

. . is in progress .  

Acknowledgement: This problem was suggested to us by Prof .  G. S. 
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Hammond in connection with his study of hydrogen bonding, lithium 

.. ' chelation, ' and other properties of these compounds. 



CAPTIONS FOR FIGURES 

Fig. I. (a) Projection of the s t ructure of the (010) plane, including 

hydrogens, in calculated positions; (b) Project ion of the 

s t ructure onto the (001) plane, with hydrogens omitted for 

clar i ty .  The light c i rc les  represent  atoms behind the 
. . 

. . . . 
. asymmetr ic  unit, and the dotted c i rc les  represent  atoms 

. , ' .  . . . . . . .  . . 
. . . . .  ... . . 

. . F i g  . . .  I .  ~ h e i . m a l  s te reograms for the atoms,  t ransformed so  that 
. . . . 

. . . . . . .  . . .  . . . . .  . . . .  
. . :  . . . . . ':'.. tkie, . . .  plane'.of .the paper i s  the leas t  squares molecular plane. 

. . .  . . .  
. . . . . . 

. ., . ', 

. . . . . .  . . , , ,, , I.,.., ' I. ,: 
~The':directions, . 

. 
, . of . the RMS thermal  axes a r e  shown s tereo-  

. . . . . . . . .  . . . . . . .  . . . ., . . . . .  0 
. . . . . . . . . . .  

. . . .  .:':graphical.ly, and the length of the axes a r e  indicated in A. 
. . . . .  . . . . .  . ,  . . . .  . . .  : . . . . .  . . .  j . . . . . . .  . j .  . . . . . . .  , . .  

. ~ i g .  :PI:.-(?) 'P'+$ tulated enol ring s tructure with non- colline a r  hydrogen 
. . . .  . . . .  

, .. . . . . .  . . . . . .  ., ,,I . . . .  . . . . . .  , . . . 

. . . . .  ': ..:bond;.::(b),~~ide:vi~w of oxygen atoms showing effect of 0.-o 
. .  , . . . . . .  .:.. , _ . ., . (  . . '  . . . . . . . .  ' . ' ; . , .  - . . . . .  . . . . . .  + . . . . . . :  

I . . .  : .'.: ,:,'(: , repulsi'on.. :.:!. . '  
. . . . . . . . .  . , ,. . ' . . . . . . . . . . .  i . . . . .  . . . . . . . . . . . . . . . .  . . .  . . . . .  . . . . .  . . ,.. . . .  . . . .  



REFERENCES 

J. ~ e r ~ h u i s ,  et. a l . ,  ~ c t a . '  Cryst .  8, 478 (1955). 

W. G. Borduin, M. S. Thes is ,  Iowa State University (1954). 

W. R. Busing and H.. A. Levy, Acts. Cryst .  10, 180 (1957). 

. . W. RI Busing and H. A. Levy, "A Crystallographic Function and ' 

' : ~ r r o r .  Code for  the IBM 704," ORNL 59-12-13 (1959). 
. . 

: .  . )W .., R.  usi in^ a n d  H. A. Levy, "A Crystallographic Leas t  Squares  
. . .  ' . : ;  . . . .  . . 

. . ( . .  

' ' . ' . : ' ~ e f i n & m e n t  . . . .  c fogr ram for  t h e  IBM 704", ORNL 59 -4-37 (1960). 
. . I. .. . . , .  

. . . . .' 
. ' . .  . .  , ',C. .. i . H. ~ i u b e n   and'^. H. Templeton, Acta. Cryst . .  - 8, 841 (1955). 

' International Tabellen zur Bestimmung von Kris tal ls t rukturen,  Vol. 2 
. :  . . : , .  

M. J. S. Dewar and H. N. Schmeising, Tetrahedron - 11, 96 (1960). 
. - .  . . . .  . 

, .: . . . . . :  

: .  W;: ..L;: Dumke., .M. ~ . ' , : ~ h e s i s ,  Iowa State University (1 956). 
.. . . 

. . . .  . . . .  . 
I .  . . : ,  . 

D. . R. , ~i t ,z*a tkr  a n d ' ~ o n a 1 d  E. Williams, Acta. Cryst .  12, 350 (1959). 
. . , . 

- 
. . . . . . 

( ' .  

: .W;'C.: ~ a m i l t o n , ,  Acta. C r y s t .  8, 185 (1955). 
. .  . ' .  . :. . , . . .  

- 
, . . . . , . . 

. ' H .  J'..: M i l l k d g e d n d ' ~ .  M. Pant ,  Acta. Cryst .  13, 285 (1960). . , . . . - 

H;' . . .  .Opsaka and'Y. Akimoto, Bull. Chem. Soc. Japan 26, 433 (1953). 
- .  

M: E.  Senko 'and D., R. Templeton, Pr iva te  Communication. . , 
. . 

, . 
. . 

L.' H.' ~ h 6 r r i a s   and^. .;Uuneda, J. Chem. Physics  26, 293 (1957). . . . . .  - 
. . 

. . A . " ~ u l i n s k ~ ,  Pr iva te  Communication. 
. . , , . .  

T. ~ u z a w i  and M.. Yarhaka, Bull. Chem. Soc. Japan 2 6 ,  414' (1953). - 



Table I 
5 Final values (xlO ) of the parameters and their standard deviations. The fo rm of the temperature 

factor i s  exp ( -  @ lh2 - P 22k2 - @ 33,/ - 2 P 12 hk - 2 P  i 3 h 1  -2 @ ). 

Atom x Y z .  - f@ 11 P22-- p33 .  4 2  P13 8 2 3  



Table I continued. 



2 0 
Table 11. Observed and calculated strucfire factors. : 

I 

H K L  U O S E K V E C  CALCULATED ... - ....... -. .. -- ---- ...... -. ..... ..... ..... .- -- 

-46.693-- .  .......... . . . . . . .  ... 0 - 4 6 - 2 3 0  -: 
o n 10.860 10.036 
2 0 0  2 1 0  ....-..... -- . .  41.193-_ 43 .040  

15:?00 -14.-966 
2 2 0  42.  50O_ -42.169 -- -. . --- -- -- . . 
.2 3 0 11 .110 11.562 
2 4 0  12.139 ......... .......... !.2, 9 2 0  . 
4 0 0  20.  140 17.  321'-.- 
4 1 0  104.960 - 1  4.0' 14.047 k56-  .... ............ ....... ..4 -6.. .e & - - .. 
4 2 0  . > - 
4 3 0  16.870 , '-%:.?.?L-. 
4 4 0  10.270 9 .308 
6 0 0 ' 11.960 .3.r 2 4  o.--.-...-. 10.322 

-j.. .30.1. 
....... 

6 1 0  - 
- 6 2 0  

- 19.446--. 
1 9 - 6 ? 0  . - . 3 - - -  

6.. 22 .680  25 .306 
6 4 0  4 ,550 .. 3.708 -. ........ . ... 

0 0 0  23 .340  -21 .051 
0 1 0  8..- 

.2 o.- 
56 .450 .8... , -55.270.- ... .. 

28 .179 '  
8 3 0  30.  190 *.?::541_- . . . . .  .. 

0 32.440 . -30.784 
10 1 0 -3U. v4c(--- .----. ?.P-:.?_(l---._.-.. 
10 2 0 25.1480 25.159 
10 . 3  0 ........G.. o..-- 25 .320  o.. 65 d..----...-.- - i o .  25.344-- 12v 

12 0 0 ...... ........ I :.... 6 0 * 4 4 0  -58.040,.- 
27:'740 -27.002 

: .  12 2 0 26.530 - _ -  . . - . 28.728 ... --- 
12 3 0 8 .460  7.520 

; ' I 2  , G- 4 ..o. 0 -- - ! 3 ,840  : ! 3 , ! ? 5  .. . ..... ......-... - 
0 50 .490 -46.441 

14 .2 o 3,3-250 
, . - - - .- - . . 3. - - - . - - -- - - - . 33-309- .  

. '  14 0 7.590 -7 .121 
0 . 12 .980  ._ --_. !-!!!!- . -12 .677 -. . - - - -- 

16 0 0 54.1140 -5  I .  I O U  
. , 1 6  1 0 . ... .. .2.. ... .............. 16.071 .... 1 6 520  38.. 4.7'd.-'. 

I6  36 .080 
3 . o  ,-j6.. .. -8.164 

' 1 6  4 0 
. I 8  0 0 20 .030 -27 .210 .______ .......... _. .- 

1 8  1 0  27 .190 27.267 

, ... '1 a -3"--.o 2 0 -"-- "' . 9O.790 ? , 3 5  ....... 
i 2 .  I 1 0  -12.179 

I U  4 0 , 4.'740 • i,4 o- ..... -- -4 . 8 1 3.--- . . . . . . . . . . . . .  d"" 
20 0 -13 .289 
20  1 0 4-8:00!? 47.64 1 

2 0 '  2 0 2.770 4.134 
20,  3 0 1 2 -  300  ._ . . . . . .  -12.111 

: 22 O " 0 ' "  8 .800 5.500 
' 2 2 1 0  . . -  . 2 2 -  350 21 .705 

22 2 "  0 3 ,460  -4 .483 
2 2 ' 3  ....--- ..- &.- 0 6 *a79? -12.24CJ-- ....... ..... 
24 0 0 39 .410 40.065 , 

' ,  24  1 0 ..... . . . . .  . . . . . . . . .  . 18.910 !.?- 050 .  
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Table 11 continued. 
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Table 11 continued. 

. . . . .  .20 1 1 8 - 8 4 0  . _.I! r 632. - .  
2 i - ,  3 1 3.080 - 3 . ~ 7 8  
22 1 1 4.080 -4.373 _.__.__-I. ______II ... 
2 3  1 1 5.700 6.240 

- .. - .  2 3  2 1 "- -2.59.3 ... - 3*.52 3..- 3 -  060 
'23 ‘ 3 3; 320 
24 1 1 -4.736 , ,  . . . . . . . . . .  .- -.... _!??I!?O 
24 2 1 3.750 5 .  d i-3-- 
2 7  2 1 ,_-_-_ - 1 4 .  I90  -3.'172_A. 
20 1 1 8 .090 U'.453 

0 0 2  10.790 11.519 _ . .. - 
0 2 2  10.790 19.741 
0 4 2  7.220 -7.520 _ ____ _ _ _  . _ _ _ .. - A. 
1 0 2 . 50.970 -48.595 
1 1 2  58.570 -60.8 13 , . _ _ . _ . _ _ _ . _ _ _ _ _ _ _ . ~ _ _ _ I I _ _ . . _ _  - .."_ ..... 4 

1 2 .2 9.080 11.305 
1 3 2  -..5. ..-....2 252 $50 ?5.:.84 1 ......... .... - 386--'-- 4,750 , 

2 0 2  2 3 -  960 -24 z 2.04 . . .  . ... -" . 
2 1 2  10;990' 10.902 
2 2 '  2 14.86BL, ---- 1 . .  
2 3 2 7.1140 -8.156 
'2 4 % 2  5.700 -5.025 .. . _ _  __ ....... ^ . 
3 .  0 2 32.070 ' -3 1.102 

" 3 ' 1  2 -- -- -- - - - -- - -- -65.962 6 3 -  340 i6;i9i .......... .. . ..... ... ..... 
3 2 2  25.710 
3 : 3  2 17.050 . ~___________  17.330 . 

_.--__.-.___-A.. 

. : 3 .  . 4  2 .  3.660 -6.874 
3 5 2  -4.815 44..j T-.--- -.,- 4.'72'? 

4 0 2 46.830 - 
,.. 4 1 2  4- 770.--  - .* 5: 096-.--.. ...... ..... . ..........-.-. . 

. '  ' 4  .. 2 14.230 14.60'7 
4 3 2 9.980 -10 406 ' 

. . 5  0 ' 2  78.180 -77.U67 .. 

... 1 2 .  .... ...:-: -! 1.6 :!?I) 1.1 6 t.? 8 s  
. ' . 5 . .  2 . 2 36. 140 36.916 

' 5  3 2 10- 660 !Po?.?O . .. .. 
" 5 ' 4  2 ' 1  1.060. -10.739 

5 5 2  4.130 -3.5 .__... 77 .....,..__l__._____._... ... . ....--- . 
. 6 ' 0 2 10.740 -10.536 

. - 6  - 1  2 -..; .& 10.423 17- 300 .........--..-_-5.. .... ...... 
. 2  2 . 5.470 

6 3 2 .-.. .- -- -. -. --- 8.960 -9.958 ...... . & ..... -. &. ... - .. . - ..... . 
:7. 0 2 , . J  - 

. 7 .  1 2 0 ,660 -8  045 -. . . .  -. --n 

' ,  . 7  2 2 42.G90 . 43.514 
'7 4 2 -- -12.502 1 2 t 7ou . .... . o. - -. - .. - ... - -. . .  ... 
,f3 5.600 5.039"- 
8 . I  2 . .- ............. j - . . - .  ........ 46.766 - 46-  680 .. 
8 ' 5.120 - 5 i 9 3 8  
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Table. I1 continued, 

1 1  1 2 - - 3.3.040 ... .... .............................. . . . . . .  53- P.! 7 
11 2 2 25.070 25.650 
11 3 2 20.800 ...... -2 1 .  019 L--- .......... 
11 4 2 4.190 -4.196 

0 2 54.580 52.864 ..... 
12 1 2 -  6 i .049- . 

2 -16.472 --.!:2-. ........ ? -- .......... ! 5 0." 50 ............... 
12 3 2 4.790 -4.449-- 



Table II continued. 
2 4 

2 ................... . 2 7 - .  . .  ? :. . 3=..7!?.. .... :.20!'!.? ..... 
28 0 2 1'1 .4VO - 1  1.659 
20 2 2 6.220 5.706 "_______ . _ ____I___,______1___ .- , _. _ --- _ -. 
29  0 2 5 - 2 1 0  - 3 - 8  7'7 
2 9 -12.164 ... !. !..-..7?!? 

2 3.660 3. ~ 7 2 ~ '  
30 0 2 ................... . -. .- ....... .5:340 ..... z4:7? 6 
30 1 2 4,750 4.208 
31 0 2 8.450 -8.507 , . .  __.______ ... 
31 1 2 6.100 -10.736 

1 2  7.769 ,-I t3 5 0  
33 0 2 9.790 -10.424 

0 1 3  -14.780 . 1-! :840 ........ 
0 3 3  21.020 21.007 

1 1 3  5.290 -4.781) "________._________________.___ ...... 
2 1 .  3 5.190 -4,998 

. 2  . ... 2 3 ......... 3.840 -!-.-? 53..- 
2 . 3  3 .  5.600 5.003 
3 1 3  .. - 4 -72 0 4.-.4.7-9-- 
4 1 3  . 9.780 -9.256 
4 . 2  3 2 3.240 22.895 .. ._-_ -. 
4 4 3 0.2'70 -7.262 
5 1 3 . --- - .- - - -3.718 .... 3 -  94 !! 

. . 6  1 3 2.'800 -1.711 
6 4 3  -_ F!? ,--_=6_~884 
7 2 3  3. 130 , -3.055 
7 3 3 3.657 - -  32_3_!O -- 

8 1 3  20.180 20.79'1 
' . . ' 8  2 3 

. 
5.690 6.289 -. - . - . 

8 4 3  5. do0  -4 59ij7--- 

9 1 3  
1 .__.. -7.835 7 1 .... . .- 

10 1 3 4-. 550 ,  - 4 - 7  3 9;"'-- ' 

: 10 2 . 3 -  .. 4.780 5.4014 ..-- ............ --. ...... 
'-iiJ 3 3 6. 100 -5.748 
1 O i .  4 3 40670 ... -3.937 ......... " -.. 

1 1  2 3.520 , 4.474 
1 2 .  3 3 -5.004 -.-. ................. .. 6, 3 00 ...- .. &G- 

' 1 5  4 3 4.060 - 
. 1 3  2 3 4.540 4.390 

, i .____.___.___ . 
14 3 3 6.680 .-6.401 

1 3  ' 5  4.029 3 090 ....... . . .  . 
I 6- 3 14.260 13. 733'-'- 

:.1'6 3 3 6 - 7.8 0 -6.361 .- _-......--.__ 
18 4 3 5;120 4 ..I 07.-.' 
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~ a b f e  I1 continued. 

16 o . . & . .  20 .420 . . 19.813 
16 1 4 114. 720 -14.034 
16  2 .- 4 %..!.r '??!?. r 2 ! . - 074 .  ... 
16 4 . 4  . 4.740 4 .486 

21.850 17  0 . . . 4  . . . . . . . . . .  . . . . . .  - 2 1  - 8 6 0  
7 1 1( 13.100 - 1 3 . 1 1 ~  

-I:'....- . 2J 4 12.810 h.Go. - ..... -. 12.467 
17 3 . 4  ' 3 . 5 1 8  
17 4 4 -.?! 0 R."-.~.~?.. 
18  0 4 10.1rOO 10.605 

.... -17.666 1 7 6 6 0  .- 
18 4. 
18 ..... 1 . 4  ... 

12,590. - 1.2.438 

. . - ,....I s . . .  3 5 ,99 
10 4.201 
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Table I1 continued. 

.. - 5 3 2 . ..........- 4 -  670 . . . . . . . . . .  4.971 
3 3 7.020 -3 .654 
3 4 5  6 -  114.0 .7.+,!2 ' ........ ..... ..... 
4 1 5  12.720 -15.439 

. . . . . . . . . . .  4 2  5  . . . . . . . . . . . .  3.lr80 -3 .447 
1 4  3  5  3.050 -3.730' 

..... . . .  5 1 5  ...... - 5 5 5 0  5.864 
5  2  5 2 , 8 4 0  3 .  005""'. 
5 3 5  -- -7 .077 

" a  I(IP ... .............. ..... 
7 1 5  9.70 9.290-.' 
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Table I1 continued. 
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Table I1 continued. 
3 0 

- .  2 0 8  0 -  6 0 0  . . . . . . . .  8 .275 ,  
3 0 0  27 .480  -28 .247  

1 0  -.- ..3 - 2 1 m.4 9..1.,. -. .... ........ ... 2 1,400 
3 2 8 16 .540  16 .772  

. . . . . .  - 3  3 8 ......... 1 3 . 8 3 0 . .  14 .088 . , .  
3 . '  4 '  8  . 6 .240  - 5 .  h 9 5  

. 4 0 8  .. .- b. . . .  5 -  170- -. 1 *95?..-. 
10 .400  10 .459  

-7 : 5Q4.--.. ..................... - ......... 3 
5 0 " 27 .010  -27 .906  

5 1 8  2- . -b. . . .  .. 2 2 -  5 4 0  ........ :23.! l 1  -- - , - - - - 
5 2 0 . 8 6 0  . 21.000  

.. 5 4 8 .... ??61,! -6 .797  -. 

7" 0 8. 3 3 . 1 1 0  -34 .582  
7 1 8  %-!PC !!...349 
7 2 . 8  25 .720  26 .650  

8 6 .610  -6..207- - . 1 .  -. 9 . .  . i...3 -..... 
8 0 0 12 .744  

, B  ................. 1 .a. ... .- 10.090. . . -9 .780 ... 
9 0 0 40 .560  -43 .405  

1 8  .....- 9 .... ?:.!!'O . .??L!!+O ...... 
9 2 0  18 .440  10 .499  

. 9  3 8 ~ 6 . .  7.420  -6 .270  5*. ,.,So. .. ... ............... . 
9 4 -5.41'1 

. ' l b  . 0 o. ....O 8 5.500 2 - 6 ? 5  .... . . . "  .. ........-.... , j..h 6 o  . - . 
. . 1 1  . - 1 3 . 6 7 8  

1.1 I 8  2 9 0  33.5 ....... ..... .- -2.8 ,.5?-0 
I 1  2 8 7. €160 1 0 , 4 4 7  
i~ - 3 .  8 - -8.320 .- ... . ......... 9 -  1 so ......-.. 

-4  ". 4 .830  - 4 , 4 8 5  
0 - IS. ,7@. .............. 15 .090  .:.- ' 2  a,.. . . . . . - . .  ......... 

12 1 0  5 .660  -3 .248  
! , , . 1 3 .  0 .  . e  1 10.570 z!.! *.!so --. 

. '  3 ' 1 8 27 .390  28 .525  
.... .-.: .!?. .?.-.? 9 .... . . .  6 -  0 7 0  5 , 7 5 2 -  . 

, 13 3 8 10 .210  -9.051 
1 . . . . . . . . .  '! ? 8.220  -7 .783  -. .............. 

: 1 5 .  0 .  8 19.C40 19 .043  
I S  1 8 ..... .-.- . .-............. ........ .. 1 9 -  720  ...... . . . .  19  7 1 3  
15  2 8 6 .970  -4 .244  , 

. . . . . . .  . . . . .  1 5 . .  . 3 . .  8 - 1  1.90% 1 2 -  120. 
16  0 8 7 .850  5 .697  

..... . 13 .651 .  , 1 7 '  .... - -. 0 8 1 4 . 1 8 0  .......... -- - .. - ...... 
. 1 , 1 8 18.'190 1a.010 

' 1 7  .- 2 0 .- -- .- 1 . .... -. .... .-. ....-. 
17 3 O b,.b~!o -8 .765  

-.,--I8 ...... 0.. !. . . . . -  . . . . . . . . .  - 7 . 597  -. 7 -  5 2 0  ... 
i b  2 8 7.050 6.226 

. . . .  19  - - . o  0.. . .  . . .  " 7 - 5 1 0  ..... 1 6 . 7 7 0 .  
. " . I 9  1 ' 8  S.800 ' 3 .228  

2 '4--180.. - 1 4 2 4 ! -.-- .! ? e . .- .. .. 
. 19 3 0 4.730 -4.264 
. - 20 0 .  . 8 .  . . . . .  8 . 3 9 0  - 7 . 1 8 5 . -  - 

2 0  1 0  . 6.640  -6.0 1.5 
. . 2 1  0 8 .  . .  18.070  . . . i 8 . 4 0 4  
. 2 1  2 8 13.760  -13 .396  

-.-.? 2 .. ..2 . ?.. ...... .--- .. 5-35! ............ 4*323 ........ 
. 2 3  0 '8 12 .960  i 2 . 0 7 9  . 
211 1 0  e . e ~ o  -7 .625 .  



3 1 
Table 11 continued. 

23 2 8 9. 'I80 -8.790 .. .- ..- .- - .- -- . - -- -- .- -. 
24 0 8 8. I80 -7.939 
24 1 8 5.710 4.414 

, .._-._____________---,.~.___________I.--. 
24 2 0 4.590 3.935 
25 0 8 12.220 11.860 
25 1 8 10.550 -10.017 
25 2 8 6.050 -6.431 .- --- .- - . -- - .. 
2.6 1 8 4.490 3.697 

i 0.600 27 1 8 - - -  ,.---- -11.016 - 
28 1 8 .  ,4.140 5.532 
0 3 9  '8.140 -7.843 . 
1 1 9  5.480 3.415 
1 2 9. 8.630 -7.931 

2 1 9  6.180 -4.387 
9 5.090 2 ? 3.893 

. ' 2  3 :9 0.990 7.853 
2 4. 9 5.370 . ---- -5.270 -. 
3 1 9  6.700 -5.234 

. 3  3 9 7.190 . - -. &EL-. 
4 . 2  9 7.660 -7.832 

'.. 4 j 9 -- 7.290 - 5.089. 
. 1 9 7.560 . -5.61 1 
. : 6  2 9 -- -- 11.270 -. 10.290 -. . --. . - . -. . . 

7 2 9 7.420 5.766 
. . .  ' 8 .  . '.I 9 11.500 .- 1 I. 598 . .  . . 
. . ' 8  2 9 8.100 ' . 6.815 

. 8 '  . 4  . 9 3.520 - . . - ;.f!!.:!-- 
':. ;,lo.. .I 9 . . 8.270 
: . .  I I . .  1 9 

7.- 
7.360 .- 4.914 

. , . . .  , -1 .2  1 9,. 8.590 8.106 
" . I 2  , . 3  9 5.600 -4.579 ..+ 
. : . I 3  . .. 1 9 7.160 -7.042 

. . '14' . . 1 9 
Lii----- 4-tZ.0 4,286.. 
. I 6  1 9 9.310 -8.965 
,:'::. . . ...I& . 2 9 5.070 - 4,80_?. 
. . .  ..  . . . .  7 2 9 6.710 6.306 
' ~ , '  2 '  9 --- 6.640 -5.254 - 
. . 1.9.' 1 9 xg-8 

. . 3.724 
. 20' 2 9 5.760 S.0Ol , 

. : . ; . 2 . 2 .  2 . p  4.260 -3  169 
'. . "..23 2 9 4.200 -2.899 - 

. .  0 0 10 22.440 -22 698 
0 2 10 19.270 ._ 20.091- _ _. 

. 0' : 4 10 , . . .  3.720 -4.000 
1 10 11.980 .' 1 I I-- 78 1 . 

. .. 2 * . 0  10 2 6 . 9 2 0  -77. h R 3  
, . .2 ' ., 1 10 10.830 10.667 -- .. --- - . . -- 

. . ..:2 , 2  '10 16.420 16.633 
. , 2  4. 10 -3.204 .!.z.?o!? 
; -3 0 10 11.820 11.697 

3 2 10 6.630 -------- -6.207 
. . 3 .  3 .  10 5.030 -4.179 



37. 
Table I1 continued. 

6 . - .  .. .I .... !o ..... ...~>~.~30 -a.r> ZP- 
6 2' 10 ' 0.460 0.468 
6 1 10 1 .760 ‘-o.k_g--. 
7 0 10 8.140 6.270 
7 1 --.. 1.0. : 7.210 -. ZPz.554 --- 
7 2 10 6.540 -5.100 
8 0 10 9.710 8.424 ________,_.______ . -. -- 
8 I 10 8.810 7.703 

3 I0  10.550 8 -- -10.523 
9 2 1 0 '  6.960 -5.827 
9 3 10 4.64 0 3.460 

10 0 10 22.830 22.503 
1 10 21 120 .--_!-O * .-.- 2.L: 6.!4-. 

10 2 10 10.170 -0.905 
10 3 10 7.980 -7,423- 

' .  I 1  0 10 3.650 -4.570 
. . I 1  1 8.170 -6.683 . - . - 19 -- .- 

I .3 10 5.530 4.195 
. 12 0 10 5.870 - 

, - -.-.. . 4 : 4.0 i..- 
12. 1 10 9.120 8.110 

13.130 . ..I2 2 I 0  , _ _ _ _ _ _ _ _ _ - _  - 12.~35.C~ 
. ' . I 3  0 10 7.040 . 5.215 

13 1 10 6.600 -5,304 ., . .- -- .. 
. ' .  . : I 3  . ' .  3 10 4.940 3.038 

1 ' 0 10 .27 .530  28.226 ..T--..----.-...--p-----.- 
... 14. 2 10 14.060 -14.133 

10 , . .  . 1 5  0 3.000 - 3-?.3P_!B_. 
5 . I 10 6-25-b -3 -376  

.. . 
: 1 5  2 ':I0 5.645 .!!'.0 - 
. . , : . , . I6  0 . 10 18.950 19.202 

: I 6  2 10 
.,.-i_-____.-.. 

9.600 -9.284 __________ ._ 
. : 16,  3 10 4-'t70 3 ,658 

. I 7  .': . O  1 0 .  ---. 0.030 - 7 1.22- 
''..;. . .17; . 1 10 6.480 -4.709 

' I .  ' 2 10 4.680 ._ 3 .?373- 
.: : . I 8  . o  10 . . 10.310 1.0. 1 37 

', 10. . 1 1.0 13.080 -13.879- .i_.__.. _ 
: . I 8  ' ,2. 10 5.510 ' . ' -5.206 

. ' 1 '  0 9.140 . J0 -9021.1 
. 1 9 . . . ' 2  10 . .. . 4.850 3.504 

. . : 2 0 ' .  '1 10 -13.888 -; . , , -.--..-_-_-p---- L.*.(?6.0 - . - - 
... 20 2 .  I0  5.600 -6.187 
" .2 1 ; .. 0 10 7.570 -6,662 ______ ___________.- _- - --- 

, :  .2,1. ' 2 10 .. . 4.360 4.205 
2 2  . ,o 10 .-- 4.670 r3-.c6- - &-E?L. 

,.. . z z  , , . I  i o  - I  1.494 
2 3  l " 1 0  . 7.390 7,192 -. 

,.. ,  2'1 . 0 10 5 . 1 6 0  -7.073 
' 24 1 ' 10 --- 6.320 -6.951 

2 5  . 1 10 5.070 5.866 
. "  2.6 0 10 7.930 -0,547 - _ I _ _ _ _ _ _ . _ _ _ _ _ . _ _ _ _ _ _ _ . _  

, 0 ' 3  11 5.000 . - h e  77 1 
2 .  3 1'1 3.r _5 0.C'. 3.263 

, 3 .  3 1 1  4.010 -2.965 
5 2 1 1  0.704, 2.3e 

7 3 1.1 4.760 -3.291 
0 2. 1 1  3--780 _ L;.- 

4.689 ..>..---..- 
9 1 1 1  9.310 0.918 
9 5.140 -3.904 :3 - . . .! .!- ,- .... . - .. 
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Table I1 continued. 

12 3 1 1  4.260 -3.603 - . 
1 3  2 1 1  5.910 -4 -784  
1 5  1 11 - 6.060 -4.989 
IS 3 1 1  3.050 ~.xfi- * 

16 1 1 1  5 -A?.?-----. - 3 .  509 
0 2 12 7.740 -6.697 
1 1 12 12.580 13.759 __ I_.I__- 

2 0 12 16.260 17.120 
2 1 12 9.120 - -0.690 ------ 

-- 2 2 1 2 .  8.020 -7.199 
i i. 150 12.078 3 0 1 2 - . . . - - . . . ~ - -  

, 3  1 12 7.510 7.466 
3 2 12 

, - 5.730 -5.283 
5 3 17- 6.030 -6.302 
4 0 12 6.720 .__ --- 6.057 ----. 

2 12 5.860 -4.485 
4 .  ..3 12 . 4.990 

, - -- -- -. . -- 4.1181 -- - - -- . . 
. 5  0 12 11.500 11.607 
5 1 12 6.660 5.750 
5 2 12 6, 090 -5.954 

' 5 3 12 .. 3.'7 10 -3.54 1 - .- - . . - - - -- 
. 6 .  . 1 12 . . .  12.-59'0 . -12.591 

, 6 3 12 5.600 
( _ _____________ - -  5.856 

. 7 0 12 8 ,350 i x 5 q 4 "  
" 7 ' 2  12 ..--- 9.970 - 10.507 --- 
, !. 8 . 1  ' 1 2  9.740 -9.347 

: 8 ,  . 3  1'2 - . _  4.710 4 ..!!.?-. 
. 9 l.:.O 12 -f-i-Xm 11.571 

' s . 9  \ 2  . 1 2  6.990 -6.'742 
, -, .o .o-_r .* . - . . - . - .. - - . - -. -- 

0.550 -0.507 
.' 10 1 12 7.710 -6.814 ,--To-:--- - -. -. - --- .. -- .. . - - --- 

2 12 6.930 7.059 
, l l ~  0 , 12 

. . I - _ _ _ 1 . .  
5.420 s,7b-8 4.568 

, . . .  1'1 .1 12 -7.482 
: -  1 1  ,2 12 . . - . - 3 7  .2 5.380 -4.875 

3.230 3.350 
... 12 , . O  , 12 10.670 -9.726 - __--- 

12 - ,2 12 7.780 7.600 
1 0 , 12 9.480 9.615 

13  1 .I2 7.980 - 7 : T i r -  ' 

'14 ..0 .12 11.600 -1 1.210 _ 
14 . 2 . 12 6.570 . 6.101 

" . I 5  .1 12 6.820 -7.290 _ _  _ 
. .  1 6  . 0 . I 2  5.470 -4.4 17 

. '  16 1 . 1 2  6. h50 6.357 _ _ _ _ _ _ _ _ _ l _ _ _ _ _ l _ _ _ _ _ _ .  
. l ' T .  1 12 9.720 -10.292 
.1,8: . 1 .I2 A1310 8.244 :- 

C_.______.. .___________ 

1 2 . .  12 4:l 10 
1 0 .  12 7.110 -7.016 

- -. 
, , 19 1 12 3.980 

- . y---- 

"21 ' . , U  12 0.470 -9.330 ,_I_._____________ 

2 2 :  0 12 5.410 5.807 
'3 1 13 5..570 -4 .245 _ _. _ - 
6 2 13 6 .190 1 - 5. 2 7 3--' 

10 1 13 4.070 -2.718 .. __  _ _  . _. _ _ ._... _ , o  2 i 4 .  4.570 -4.773 
. 1 1 14 9.130 -9.122 _CI-____.___. - 

5 0 14 3.030 -6 .934 
1 14 6.120 -4 - 6 9 6  ._._ .... ___. . . . - - -. .̂  -. 



34 
Tahle I1 continued. 

. 1 2 .  2 . I  2.140 -715 
T__.__.__________._ _ _ _  _ _ _ _. 

12 ,4 1 2.080 2.163 
'1.3 3 1 2.540 

___,_________ _ _ _ _ - - .  -2.836 
11,' 1 1 2.210 -3.624 

. 1 4  . 2 '  1 2.300 1,884 _ __ .__ . . _. 
14 3 1 2.420 . 169 

. :14 4 1 1.960 3.619 _ 
- 1 5  1 1  1.980 1.015 

. .  15 3 1 2.340 - -627 ' 
' . I 6  1 1 2.100 -. 985 

16 3 1 2,340 -.63'7 __ _ _ _  _ _  _ _ _ -_  __ _ ._ -__ _.. 
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Table I1 continued. 

17 2 . I  - 1 .613  ? r 420  .............. .. .................. 
I8 1 1 2.220 - .993 
I D  2 1 2.390 -1 - 7 9 1  -. ... 
18 3 1 2 .440 2 .446 
19  4 1 1 .900 ' -0326  

,---. '-?; 4.1.0- 20  2 1 -2 .457  
20  3 .  1 . 5 1 2 '  .... . , , _ ... _ -- ..--. -- 
L O  4 .1 - 1 .09cj--" 
2'1 1 1  2 .460 ......... : .  .- - 1.2A?"4! 
21  2 1 ' 2.570 -2.707 
22  2 1 2 .450  ' 2 . 8 9 8  . ,.___ _______--___-_--I_ _ _  _ .  , , . . .... 
22  3 I 2 .210 .- 1.568 
24  3 1 1.900 .4 60 . _____-___._--___-___. 
2 5  1 1 2.2'20 - 4  66  
2 5  2 1 ...-- 2.320 -2.885 -- - ....--- .......... 
2 5  3 .1 1 .'750 - . 2" J A  

. '  2 6  . I  1 2. SO0 .741 -.--? ;., , c.--.-..----. ---- . 
2 6  2 1 . 86  1 

' 2 6  3 1 1 .E80 ' -2.619 .... . .- .... 
.I. ~. 2 7  1 1 2 .  . 527  

1 -. 641i ,. ' 2 7  .3 1 .: 5 6 0  ----. . .--- 
2 8  2 1 1 . ‘ i s  0 2 .548  

'2.9 1- 1 2 . 1 3 0  -,; -2 .485 5k0-.. ' 
,.-- 9-o 

........... 
, 2 9  2 

3 0 . 1  1 .  -- - -.- . 1.040 - .348 ... . .--. -54 U... 
3 0 .  2 1 . . -. U S 3  

.. '1 1 1 .730 - 1 .  I 9 9  
' "  'ob.-"-'---'--' 

32  1 1  1.5 - 5 2 j--- 
' .  ' 1 4 . 2  5-2 --- 2 . 4 1 0  -1 .612 .............. . ............ 

'- I . . .  1.650 .628--'  
. " . 4 . 4  2 

- --. .- 2.370 . - . , - . . 
- . 826  

.. , -( ~ ..: 4 5 2 . 2.090 
2 . ,.? .. 6. 4 

q . " s  2 i  . a m  
:' , 7 ' 3  2 2.350 • 7.0. ......... ....2 2.5'75 • 
(, .. ... 

, ; 8 . .  2 '  2 i 

8  . 4 2 2 .480 ..... .-- 3.4 1 4 .  ......... - . .... ...... 
t ,  1 3 2 2.560 - 2 , 8 9 2 '  
. . . 1 . 0 ' .  4 .  2 2 .320 1.936 - . -.-; . --.---.. -. ......... .,.-------y; -,.,$ -\-'-- 

"2, 4 2 2 .220 
2 2 .060 -2 .698  1 3  . 0 ..... 

' . .  1 4 . ' . . 1  2 2.000 - - 5 8 3  
2.1440 -1 .213 4 . 2  .. ... 

1 4  4, 2 2 .180  2 .70  1 . . .  . . .. 1s . .  P .  .. 2 . . .  ?. 120 .. -- 1 ?_8-0.!-. 
.IS-4 . 2 2.140 2.761 

. . ,-. . 1 6 .  3 : 2 '  2.390 .... 2.144 ----- -- - .- . 
" . I 0  4 2 1.890 I.UV6 

' 2 0 ' .  . 2 '  2 - -. . .637  2 -  3 7 0  "--. 
20 . :  4 2 1.740 - 8 4 0  
2 1 . ,  3 2 2.2.30 -1.062 

" .24. . O ,  2  . 2. h60 .496 
2.4 , 3 2 2.020 2.1.12 

. 26  . 1 2 2 .410 ' -1 .023 
26  3 2 1 .780 ... -.838 .- -- - - - - -- .- - . -. - - 
2 0 ' 1  2 2.220 - 1 0 4 
3 0  2 2 I .  740  1 .026 .- 
J 2  0 2 ,  1.760 , -1.454 

0 ' . 5  3 ..:-- .. , . 2.- 02.0 -3.39.6 

. . . .  . . . . . .  



3 6 :! .. 
T.able continued. 

I 2 3  _ _  2 - 0 6 0  _ -2.957 - 
1 3 3  2.430 - .489 
I 4 3  , - . .  2.490 1.672 , 

1 5 3  1.800 -. 6 0 5  
. . 2  4 3 2.490 -. 097  -..-- 
2 5. 3 2.000 -2 .843 

3 2 2 030  -1.109 
, 2 2 ---- 

3 3 3 '  2.11140 1.636 
3 4 3  2 .-bJ. 0 - 1.970 -. -- - 

- 3 5 .  3' - 1 .850  - 1.600 
4 3 3 2.630 _..- 2.791-- 
4 5 3  1.750 -2.122 
5 2 3  2 .000 - - .478 
5 3 3  2.590 2 .255 
5 4- 3 2 .550 -.--. . 940  

" . 6  2 . 3  2.210 2 .399 
:6 .3 3 .- 1.465 _25!!!?0 

7- 1 .3 1.970 1 .088  
7 4 3 2 .410  -1.472 I _______________..___- . - . .  

8 3 3  2.600 -3.004 
9 . 2  3 

/.-_ _._..- - 2 2 ' J -  ---.- 7 8 .-- R-, 
' 9 . 3  3 2.410 '. -. 100 
' . . :  9 '  4 3 _._--- 2.1130 --- - . - . - .- -2,461, 

. 1 1 3 2 .080 1 .087  
' 1 3 3 2.600- . 2 . 6 3  - I-.. ____________ -- 
' 1 4 3 2 .390 2 .500 :.,. 

. 1 2 '  1 3 &!??.P -. 587- 
' I  . 

. . . l 2 .  . 2  3 2.330 %-f78 
: 12 '  4 .  3 2.260 -2.109 

. . ~  1 '  3 2.000 -1.447 
'.: , I 3  . 3 3 ?L!!=--- - 1.622 

' .  . I S  4 3 2.080 . 533  
1 .  1 . 3  2.150 . 1 3_5_4_1 

':... :,I4 , 2 3 2.350 -. 382  
. . :  .14'-.~ 4 , 3  .2.060 
. . _ _ _ _ _ _ _ _ _ _ _ _ _ .  

.942- 
' . I S '  2 3 2.420 - I .  3 0 5  
. . ' . I 5  3 ,  3 22.?=-- 2 .079 - 

;. '..,,16, . 2 .  3 2 .530  - 1.42Li 
2.140 , ' . . ' 1 . 6  4 3 2-JAL... 

7 1 3 2.340 .786 
. ' . 1 7 , ' . ' 2  3 2.430 - 1.305 ___. 

.. 17 3 3 2.420 -1.318 
'.I7 4 3 1.890 -1 .515 

7 1 . 8 .  1 3 2 .360 .604 
10 2 3 . 2.550 -2 .405 -&.. 

2.470 .. 2. '394 
1.9.- . 1 3 2.4 -- 3.0 -1.832 

',I9 2 3 2.550 3.758 
19 3 .?- -2.076 2 *xL. 

.','I9 41 3 1.790 .312 
2.460 2 0 .  1 - 1 .'TO I-, 

2 0  3 3 2 .260 -1 .443 
. . 2 1  1 3 -- 2.430 -2 .333 

21  2 3 2.470 1.011 
. 21  3 3' 2.200 -1 - 4 0 0  

> .  - - -  
. 2 2  1 3 2.420 -. 100 

._L-?~ 3 3-...--.-- 21 150  1.160 
. . 2 3 . .  1 3 2.600 K G 4 0  

2 3  2 3 2 .370 -. 3 9 0  _ 







. . . .  
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Table 11 continued. 

3 6 -2.329 ........... 23. 12.9 1.0 
27 0 6 2.190 -2.695 
2'7 2 6 1.930 ___, ..-- -- 2.047 
28 1 6 1.93C -.571 
31 0 6 1.620 1.542 ........ i.' --.-j. . ... --- 

7 2.570 -1.037 
2 4 7  -1.295 -!-5_P 
3 2 7 .  2.430 -3.G93 
3 4 7 2.'130 -1.162 . 
4 3 7 ,  2.510 -.912 
5 2 _. '7 ' 2.420 -1.911 
5 3 7  2.590 2.389 

- 5  4 7 2.130 .. -244 ...... 
6 1 7  '2.200 1.472 
6 3 7 2 -3.510 -. . ..-.... . 

' .  . 7  i . 7 2.180 , . l 5.7 
7 3 7  2.490 __......__. 1.722 .. .-- 

: 7  4 7 2.020 .679 
8 3 7  2.520 .... 1.93g. 
8 4 7  2.200 2.5 09;- 
9 1 7  2.340 ._.._. -2.347 

. . - 9  2 7 2.450 1.446 
9 3 7 ... .-- .- - .- ......... - 2.510 1.228 

9 .  4 2.000 - -7.dG- 
1 1 7 - ........ 2.400 -2.582- . .. - . . . . . . . .  

2.*. 
,g-6-..--._---... .... 

' 2  1 1  3 7 .580 
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Table 11 continued-. 



4 1 
Table I1 continued. 

4 4 9  1.890 ,266 . - - .. - . 
. 5 2 0 1  2.670 - 1  -232 



... . 

4 2 
Table I1 continued. 
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Table. 11 continued. 

0 0 . -  ! ? 2 0  730 L! .489 . ...... 
1 o 12 2':7 1 0  2 . 5 3 6 . "  
1 2 12 -. 2 6 3  2 . .  . !  . - 
1 3 12 2.120 -2.067 
2 3 12 2.000 1.394 _ __ .._  ̂. 
4 1 12 2.640 -2.3 IS--- 

. 6  0 _! 2-, 2 -  56!. .-...-.--....----..... -. 3 0 0  .. 
6 2 12 2'."43 0 - 2  69.-- 
7 1 12 2.640 ,- ... - 1 ,_216_. 
7 3 12 1 .870 -.795 
8 0 12 2.630 -2. ... 5 6 7  .. 
U 2 12 2.340 .498 
9 1 12 ._______---- 2.410 ~:5?".. 

' '9. 3 12 1 .'a80 1.926 
3 12 1.581 1 760 ____--..- ,,> 

12 1 12 2.370 -.667 
1 3  2 .  12 2 .150 ___. -3.360 - 
14' 1 12 2.340 2.7 76 
15 ' O 12 2-.4bO -2.354 .. 

. , 1 2. 12 1.920 - .393 
' 1 6  2 12 1.920 _ _ _  __-_ 1.168 

7 7  0 12 2.310 . -1 .415 
:.. 1 7  2 12 I .  a 3 0  3.230 . 
7-78 .O 12 2. 140 - 1.488-' 

. . . .  2i) . , . : ' ,o  12 . 1.940 , 2.240 
.. - -- 
, 

5-7.'." 
... 20  2.000 
: , 2 1  . . I  12 1.770 . 

..T7 
----.- -.- 6---- 

-2 .710 
. . 

. , :.. " . . 2.490 2.665 
, . . >  2. ,370 1 1 ..3......... 
_i_ 

- 
. 006  

.. .::1. , 2 . 1 3  2.230 - lz(j.,s 6- 
' I . 3 13 1.650 . 523  
. . . .  . . . " . .  2 '  1 , .  13  : .  . . . 2.530 3.280 . . . .  ...... . . . .  . ' 2  2 1 3  - 2.170 -- -. 549  ---." .-- . ........ '" . . . . . .  .;2 . .  3 1 3 1.7.50 -2.618 
: . . .  3 . .  2 1 3 . - - . -. - - -. . 555  2.- 17!? . .  . . .  . : , . <  . 3 13- 1-:5'V 0 -1.301 

. . 
' . . . . .  4.-- . i . I 3 -_?:ff.!_O _--_ 
i--l---- -- . - -3.654 ... 

.. -. 4 :, .2 13  . :  2.120 -1.412 
".. : . 4  : 3  1 3  1.. 5 7 0  -1.539 .-:- "- .Tb-.-- 

, , _ _ , _ _ . . . _ . _ _ I _ . _ . - - . - - . .  
, .  ' :  '., .5. 1 '13 2.510 

?..  .... . . 5 " ' 2  13 .924  . 2.r .14 0 .... 
- . 6 .  : 1 .  1 3  2.400 1.525- 

.'.:7. . 1  1 3  2.430 1 . 4 3 3  -_ . -- 
... . 7 '  : 2  13  2.140 1.09.0 

.'6 I 13  2.300 1 .957  ( . _ . _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ .  ........ .... 
. 8 .. 2 13  2 .130 .514 

. 9 .  1 I S  . . . .  .. 2.320 , 142 .... . . 
' .9 2 1 3  . . 2.010 . 130 

. . I 0  2 .  13  
__I____---- 

- 1.273 .. 2 -  "20 
, 11  . 1  1 3  ii33-0 I - 1.446 

. '11. 2 13  ,-_______--___ 1.890 -- -. - -. -- -. 3 3 9  - .- . 
.. 12 . 1 13 2.200 -2.189 
1 . 2  13  - .740 
---I- .. 1 r_?3 0 

. .  1 3  1 1 3  2.110 1.794 
' 1 3  2 13 1.770 - . 3 0 8 -  

_._-__L_._______ .......... .............. ___1" -- 
' I &  1 1 3  1.990 -. 6 7 0  
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16 1 1 3  1.860 . _ ----- 1.105 
17 1 13 1 ,820 . I 2 6  
18  1 13  _._--.-- !.&!to - .778 
0 .  0 14 2 .350 2.529 
1 0 14 2 .390 3.354 __ 
1 2 14 1.980 2.887 
2 0 14 2.460 3.565_, 

, _______ _ _._ .- - -. 
2 1 14 2 .220 - 1.258 
2 2 14 ____._ - -2.546 ? i o O O  
4 1' 14 . 2.3 10 -2.997 
4 2. 14 - 1.082 

, - 2,020 
6 0 14 2.330 2.867 

6 1 14 2 .230 -2.887 
6 2 . 1 4  2.080 -1.66C 

..- 7 1 14 2.170 ----, 1'. 300 
7 2-lh 2:Tj-26 3.325- 

-- : .0; . 0 14 2 .340.  -2.621 
0 .  1 1 4  2 .330  -4 ,567 

.'8 2 14 
,,.--L_--i----- 

1.870 -2 .649 
9.' I 14 2-21tO 3 , 6 2 1  

.1 !!,l!>.!+- - .413 2 -_2_?.!! ----_.-..--.-. 
-0 .  2 14 1.630 ' I .  590  

l l  0 14 - 2.130 -2.687 . 
. . 12 '0 14 1.970 -; 6 3  1 

.. :12. ..I : i4  2.060 -3.491 ---. 

' " 7 3  . , O  14 2.060 -:I - 8 0 6  
, :  1 4 . .  . l  . 14 -1. 155 ~ d 6 0  _ _ , - - . - - - - - .  

.-T .. 1 5-fi-.-jj, I .  8 2  0 1.141 
. : . O ,  1 .  15  2.060 , 6 8 9  ,.,- _L________.__ ___-.---..- _ _ _ -  
. '  . . I  . I 1 5  1.930 -. 3 8 3  



Table 111. Distances from the least squares planes and 
equations of the planes in A units. 

Atom 
. - 

. . .  . . . . . . . . . . . . .  . . 
. . . .  . , . . . , . . .  A . . . . . . . .  . . . . . .  .: '. . , ,  ,: . . : .  ,- . . 

, ( A ) :  ,,:.'-;l. 9794 x t 3. 5972  y - . 1270 z = 1 ...... 
. I . \  " .  ' % .  . .  I , . . , . . . .  . . . i  . . .  , . ,  . : . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . .  

. . . .  :, , .. ( )  : . . .  - 2  , 3  866 
.:.. . . . . . . . . . .  

x t 4 .1438  y t . 0000 z = 1 
. . . . .  . . .  . . . . . . . . .  ; . " . .  . . . . .  . . . . . .  . .,, . . . . .  
, , ,:' . (c) ,-:2.'.~$?J7 x t 3. ~ 6 4 ~  y + . 0000 z = 1 

. . . .  . > .  . . . . I . ' .  

. . . . : . . . . . .  . . . , 
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Table IV. Intramolecular bond distances in  A and bond angles 
in degrees.  . . 

. Atoms Distance Atoms Angle 
0 

Br-C1 1.901 f .007 A . Br-C1-C2 1 1 7 . 8 +  . 5 "  



0 

Table V. Nearest  nonbonded neighbor distances l e s s  than 3A. 

Atoms Distance Atoms Distance Atoms Distance 

Br-Br  3.689 
0 0 

C2-C4 . 2 .42  A C5-H4 2 . 1 5  A 







Figure I1 



(b) 

Figure I11 




