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ABSTRACT

The crystal structure of bis-(m-bromobenzoyl)methane has been
determined, and the three dimensional scintillation counter. data refined
by anisot‘ropic least squares. The molecule is nearly planar, with a
maximum deviation eb0u 12 A froro the lesst squares plane, and is
tilfed in the unii.:‘cl:ell +29.9° from the (010) plane. The molecule has
a short intramolegt;lar hydrogen bonded distance of 2,464 + .015 1&,
but the fhermal parameters suggest an anomaly. Symmetry requires :
complete equiv‘aience of the two C-O groups and the intervening C-C

bonds of the enol ring, and the thermal parameters support the inter-

pretation that this equivalence is real rather than statistical.
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INTRODUCTION

The dibenzoylmethanes have been the subject of considerable study
because of their strong hydrogen bonding and their ability to 'ch'elate
with a variety of metal ions. I.nfrared spectroscopy has been one of tile |
princii)al tools ﬁsed to study both the parent compounds and their chelates,
along with s’t_udieé ofsubstituént éffects on the ionization constants. In
addition, sl,éve‘rai x;-ray studies of the chelates have been made. It has
| beenleétablishéd th;t these @ -diketones exist primafily in the enol form,

but whether thv,e-.énol is a résonapce hybrid of

- 0%¢ H-O O-H + ++ O .
S | [ I
. . R—‘ ~ ﬁC-R and R-C"V% /C_R s

‘ or is_j“bet'ter,';é‘ll{)i:és'"elnt;é{i,by a single structure has remained a rﬂatter of
conjecture o I
b'igéﬁz’q'};lﬁi:e.ti}iién:e,t'.-bis(rﬁ-éhlorobenzoyl)methane,' and bis {(m-bromo-
Abenzd}‘rl)m-e"tlllélr_'ie' crystalhze in thrée different space groups, with the
halog'g'n."sipbsti.t(_l.te;l".c‘é‘mpbunds having unit cells of about half the volume of
“the un1t c‘é'_llﬂ of 'dibéﬁzbyimethane itself. Preliminary evidence indicated
that i:hé c'hijéz;l"-c;_:‘deii‘izv'a:t'i_ve lacked a center of symmetry. Crystals of the
bromo: 'dérivétli;é Wére f&md to possess a center of syrn-metry, and the
molecule alé‘o hé.s twofold symmetry in the crystal, reduqing the number

of parameters: The bromo derivative has a sufficiently heavy atom to
- make the initial phéses 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

mA'bromoaé?tophenbne with ethyl m-bromobenzoafe in the presence of
SOjd:i;im. amide '(.Bo.rduin, 1954). Crystals suitable for x-ray analysis,
in thej"ﬂi.'orr.n‘ 6f‘thir‘1»'néedles, were obtained by recfystalliza’cion from
chloroform W'éiISSenbe_.rg and precession photographs indicated the
umquespace .grou’? Pné;, with lattice constants a = 26.48, b = 4. 054,
andc.—. 1279 AThe observed flotation density was '1. 8 g/cm3; for

fourmolecules ihj:tl';e:.u:nit. céll the calculated density is 1,85 g/t:m3
Completewsually j'u'dg'e_d W‘efssenberg intensity data were taken
. umngcopperradlatlon, with rotation about the b (needle) axis. 'In addi-
.tio#ité tﬁei usnal t]-_:,-"'o'lreh'vtz'and, polarization corrections, a beam divergenée
correqtion (Dumke, :';1-956:) was made, but no absorptioﬁ_ correction was
made. - These &at; were used for the structure determina}:ion; however,
beca.qs;‘fépfitljl.e reléfiv‘ely high diffracting power of bromine, they were
notofsufﬁcient quahty go.o'b'tain accurate bond distances betweéni the light
atoms i_n_ft'l‘ii',él sltru;é,,tul'-e:._‘ .

K For t’h_e‘ r‘,'eflin.en'_yenut of the atomic positions a new set of data was
obtained by >coi1v’n.te14‘methlods, {ising a Qifferent cryétél. The crystal
selected for counter rﬁeasuremcnt'o was a needle .24 mm in length and

of equiléteral trapezoidal cross section,  The thickness perpendicular
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to the parallelAfa'ces was . 055 mm; the long parallel face measured
.075 mm, and the short parallel face mea'sured .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
techhiqqe, a 0,'35 takeoff angle and a 2.2° diffracted beam aperture.

To elirﬁ'i-r‘la‘._te_. efr__r_oz"s involved 'in planimetering rate meter charts, the
tpfa.i'?‘:‘cétint Awfla.ié."xf'e'cc)lr.ci'éd dire_ctly from the scaler. The copper radia-
tion ‘\'vai's‘l-_l :féltefe;vth;‘-ouglh rﬁckel foil placed in the:diffracted beam path.

AZOO secondscan, ;:OVer-ing 3.33° in 20, was used for each reflection;

: averagerate )\éa‘a-‘tier.‘;..»-i'efxlecltions per hour. A sfandard reflection (24, 0, 0)
v;aé. takenperiodmallyand all data scaled to it. A slow variation of about
25%was observedmthe sfaﬁdard reflection; this variation was probably
causedbya faultyx-ray 't'u'be, which also showed about 25% iron radiation.
Smglé cryétal or1er‘1ter‘ -set1.:1ngs were precalculated on the IBM 650

' computer (Tulinsky, v 1960) The background for each reflection was
est1mated from a plot of average background versus 20. All reciprocal
Iat't'ice‘ poi.'t;ts“u'p}tqjio = 77 5° were scanned, resulting in 839 observed and
61 5 ungb's_ e.i've‘d - éf{lje.c_fi_bns.._'

‘Th'e: eétifna.-‘ted error of each intensity was calculated with the formula

2 2
b(I)-CT”CB [Lostc, CBﬂ +{:ch]
where '6(10) is the standard deviation of the observed intensity, Cq are

the tota'l counts, and CB are ;:he background counts. The first two terms

in this formula represent the statistical counting error. The third term
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represents errors proportional to the net count, e.g., fluctuations in
the beam intensity, errors in the absorption correction, etc. This
term sets a lower limit of 4% in the estimated relative error of I, when
statistical counting errors and background errors become negligible.‘
Thg last term adds an error contribution cagsed by uncertainty in the
' graphically estimated backgrbund count. Unobserved reflections were
aséigné_d their probablé intensity value and probable error depending on
the minimum intensity observable at the reciprocal lattice point in
. qilie‘é't:iidh .(I‘-.Ia‘mi‘lton, 1;955). Graphical corrections were made for those
: r'efl‘é'é"tior.ls most se¥'i,0usly affected by non-characteristic radiation
(ét.ﬁreaking‘)i,ér ,by‘tﬁé iron radiation component. The Lorentz and polariza-
ti.on' c"o~r1.'.ei:ti<:)ns \i}ere rﬁa;de in fhe usual way. No extinction correction

was used.:

' Aiﬁsorp';'ion- c.orréc't'io'n. ‘ With the more accurate counter data the ab-
Asorpéié‘n"' correction could nof Be neglected. Attempts to grind spherical
ozj eiii_péoidéi c:ry‘sjt;:llé"f'ailed. It was decided, therefore, to carry out
the rie-:'(:teséary int.ég'ratioh for each reflection on the Cyclone computer. An
a;bsc;rptiqr; correcfibn br_o‘grafn, designated ABCOR-I, was written for
this plui'pos'e.:A The mathematical method used was similar to that used
previ:ously‘r"A(Busih;g',' 1§é7), :.but generalized to three dimensional data, and
with-tﬂe ln_ﬁm,be#‘.of iﬁtegl.'ation grid points, m, variable from m =4 tom = 7,
Because of-fne;mdry iestrictions, (only 1,024 words of memory were

available on the Cyclone), it was necessary to restrict the planes bounding
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the érystal to be either parallel or perpendicular to the goniometer head
axis, a condition frequently met in practice, as it is 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 tﬁé
orienter, when ¢‘= X = 0 = 0. The planes bounding the crystal were ex-
pre_fsséed on this basis. For a.general single crystal orienter setting
(¢,' X, :0)*., .the direétion cosines of the incident beam vector, transformed
to‘.cr'ys-talf(j:(lm,l;dinates,, are:

cos ¢ cos X 8in 0 - sin ¢ cos ©

p = s1n¢cos X.sin @ + cos ¢ cos 0
- ‘._p_z.,=..sin Xs:.nO o
. Thed1rectioncos1nes of the diffracted beam vector -are:

. p'x" = cgé_.¢‘ vc.os‘X sin @ + sin ¢ cos O

py= :Zsli“ri'.aj')‘“cc:)s,'j(‘s:in Q - cos ¢ cos @

R Smxsm J

'fhe vivn"c'ilt.ient aAnd"dli‘ffr‘ia(':ted beam path lengths to each grid point may then
‘be found W1th the f.lc.n"m‘\‘;las, given in Busing's paper, and the integral
e\(_aiuated. | 'Tile da’icul_éted absorption coefficient of 68.1 cm-! was used
(Intle’rn,atipne.lil"]E‘aLBe_lien, 1935). To check the accuracy of the integration,
+ the 'abso_,rx')tiérllnc‘qrrection .for a selected group of 11 reflections was
¢-a1c-ula‘ted' W1th m = 4, 5, and 6. The maximum difference between the

m = 4 case and the m = 6 case was .96%, with an average of .22%. The

maximum differencé between the m = 5 case and the m = 6 case was . 23%,'
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with an average of . 15%. It was decided that m = 4 would provide sufficient
accuracy. ‘The value of the transmission factor variéd from .45 to . 72,
with an average near .65. Each integraition with m = 4 required approxi-
mately 6 seconds on the Cyclone computer. - Absorption corrections for
the ﬁnobsefved reflections were obtained graphically.

| For 'C;Lrbqﬁ and oxygen the scattering factors of Berghuis (1955) were
u_.sedA; :lt'bli Bromi#efthe sééttering factor of Thomas and Umeda "(“1957),
(i'brr_é'éted f.ér':a..rx‘orr.lal':.)u»sv dispersion (Dauben and -Templefon, 1955), was
:uAsed‘; .,

B '_A_S'I"‘RUA_C’lI‘URE DETERMINATION

Theproject%ononto the (010) plane, which has no overlapping atoms,
was solved fi"r.,s:ﬁ.::“:l_:.t’:I“lrle:"approkimate- brc->mine parameters were obtained
fforri tﬂe two .lc.iilrﬁejr_'l‘éf:iloh'alPatterson function. After improving the bromine
pa;:améfg.ré.' by ce;s.ltc:u.,l'al.'ti;)r‘hof an electron density projection, the oxygen
a.hci allcarbonatorns wéi‘e lpllaced‘in approximate positions based on a
: plapar molecﬁlar .fh.odeljwvith ;ssﬁmed distances and angles., After several

\\

cycles of struct',\\i“lz‘_ factor calculation and electron density projection all

N
P

atoms ‘We_-re.-\iv‘e.lllld'(;,’fi_n.e'.d-. »Tl"le projgction was then refined by the least
squé}'es methé_d. |
;I‘hé Patt'e:rson ffléjéction onto the (001) .plane indicated a bromine y
para'meter of i/4; h'OIWever., a planar model based on this bromi;ue y
parameter divergé@ during attempted ;'efinement by the least squares method.

The situation was complicated by an ambiguity which remained from the
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(010) projection, which made possible the substitution of new z parameters
z' = 1/4 - z without affecting the fit to the (hO,Q) 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 from y = . 25
but did not indicaté which way. The problem was solved by attempting to
refine -a l'arée number of models having a bromine y parameter shifted
b}; ‘}_arying 'amom‘.;tAs both ways from y = . 250, using a limited number of
' féfiecﬁon’s W1th t;he.‘ ﬂ index odd, and with the z transformation referred
to ;bo;(g . Finé,lly‘; rnpdél was found which would converge. The corhplete
- ,thrée. d1mens1ona1f11m data were then refined by the least squares method
:(4._3 par,a.r-:nétéf‘s}'.;; thg :,-final' unweigl;zted discrepancy factor was 0. 155 for 587
observedreﬂéctlons ;The étandard deviations of distances between light
| atomswererather large, about 0. 05 A, with the film data. It was decided
to ob'ta.,i:-lr’;‘ moreaccurate ixvlm;c'en.si‘ty data u‘sling a scintillation counter.

Founercalculatmns were made on the IBM 650 using the program of
' Fitvwafpr andWi]]iams(1959). ledét squares calculations, primarily using
oﬁly _<’viia.gon,ai' rﬁétrix eierﬁenté,_ with individual isotropic temperature factors
and layer scale ‘fa‘c.:.tcjﬁj.s, were also made on the IBM 650 using the program

of Senko-and Templeton (1956),

Refinement of the scintillation counter data.
Thé‘cor‘np‘lefé .in.a..trix prograz;n 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 factbi.' (87
p;a.rameters). Convergence was obtained after four anisotropic cycles’
with a weighted discrepancy factor, including unobserved reflectipns,
of 0._113. However, a study of the individual structure factors revealed
~ unusually poor agréement, greater than six times.the expected error, for
26 refl_ec&pn’s. These 'reflections were given zero weight for the following
_thfeé l'.e‘;ast squares cycles, which resulted'in a drop of the weighted
: dlscrepancy If_ac,to1l~,.'including unobserved reflections, to 0.068.

The irﬂ:énsitigs of fhe group of reflections showing poor agreefnent
IVWer'."eAi x'f"én_.le‘a.suf.ec.l, using a different crystal (the original crystal was
acc1denta11ylost) A marked im.pr.ovement in the agr.eement between
observed rétjm:llb'a.l:cula?ed values of the intensities wés noted in nearly
' every ;‘é.a."éé.l.‘."I“hése.»;‘eméasured intensities, plus the rest of the original
A data, ‘.\"&"r"e"'ré'_lus:ed‘ to léaléulafe-three dimensional electron density and
diffé;?eri}é:.:e"lf‘j‘o‘ii';%igr.m'a‘.ps.,.. using the IBM 650. These maps verified the
correctness of fhé %nédel.by revealing no spurious holies or peaks in the
Aelé‘c‘:t_rpnf‘ dc.;‘.h‘sli'tytr' diétfigﬁtibn. - Both the electron density and difference
‘maps,»"c";.lga‘:r.ly' Shqﬁs}'éd,the presence of fi;/e' of the six hydrogén atoms in the
aéYﬁmefrié umt, Et'h.e' 'exc'eptiAon being the enolic hydroéen. |

‘ Forthe _‘f‘ii}bal'vxjef'in:efnent of the revised data these hydrégens were
ihc;lv..ided.i'sbti"c.)'picalﬁl‘y' at calculatéd positions along a line parallel to the
: inj:ersectidn o'flt.he leas-t squares benzene ring plane and the bisector plane
between t.he: neighbo‘ring‘ ring atoms at a distance of 1.08 !1 from the attached

carbon atoms. The C, hydrogen was placed on the twofold axis 1.08 A from

8

Cg. At the end of the final two least squares refinement cycles the weighted
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discrepancy faptor, including unobserved reflections, was 0.071; tﬁe
unweighted discrepancy factor for 839 observed reflections was 0.057.
“Table I .givés the final values of the parameters and their standard
_deviations. The quantity ,[ZW(FO-FC)Z/(m-n)J 1/2 was 1.48, indice;ting
.a réasonébié éséighmgnt of weighting factors. All standard deifiat_ions
quot_eti ixlx".t'hﬁis“'ﬁaper a‘re'based‘ on the complete inverse matrix including
covanances, é.lnl'all’ysisliiof.- the data was greatly facilitated by use of the
IBM704Funct10nand Err;)r- program of Busing (‘1959). ']'T'ableAII gives
ahstoftheobserved épd calculated stru;:ture factors on a 1;e1ative scale;
thescalefactor 'i‘ft;?,fcl:'gh'v‘grs'_ion to absolute scale is . 3-632‘ +.0013,

i
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DISCUSSION
The structure consists of nearly.planar molecules, with their long

axis along.a and short axis along c, tilted + 29.9° from the (010) plane
(Fig.- I).. Least squares planes were fitted through the benzene ring (A),
the ‘,eno_l.r.ing (B), and the entire molecule (C); Table III shows the distances
of th;e atc;ms‘ from each plane and the equations of the planes in A units,
Both the bé‘nz'ene ring and the enol ring are planar within experimental

: grx"qu;.the maximum deviation of the entire molecule from its least squares
planels 0. 120 /;, with the bromine atom being above the plane, and C4, Csg,
Aa‘fn;i C6be1ng below t'iié plane. The inclination of the benzene ring from the
molecular plane 1s-t1 7°.V The intramolecular disfances and angles (Table
IV) a.reall very c.'liosl'e.-to the expected values, with an average benzene ring
C-Cdlstance of. l.'3h9.4 A. ’I‘he C-O bond (1. 306) is intermediate between
' the r{é}rgalf,c;écj(‘41.,z'3)fa_rid G-O (1.43) distances, but perhaps slightly
lo;'l.giei;li.‘ith.ah.éx.}je.';:t'eatzli'fo'l' 50’%‘doub1e bonci cha?acter (1.29). The C7-C8
d1stanCe(1393) 1sthe same as the C-C distances in the benzene ring
Awi't.};..i;l:-v'e)lc'p'erfimentél .e‘r.xl'c.)r,.' énd is considerably shorter thaﬁ the normal
singig_ bﬁrid Ve}lu'e..-. The 'C'3—C8 distance (1.457) is also shorter than the
s}ixlaglg‘ bond value, bgt in g§c’od agreemenf with a single bond C-C between
c_a.r‘bdnSI Wi'.tl;l plén;i’ trigonal coordination (Dewar and Schmeising, 1960).
Thells'hc)";"t O;'O:c‘lista'ricé on 464 A confirms the presence of a strong hydrogen
‘l:.uc.)n.d‘; the“’sta;n.da‘r'd deviationfor this distance is larger than the others because
of the larger thermal r‘ﬁ‘otibn and the twofold symmetry r‘elationship between

these atoms. The Br-Cj distance (1.901+.007) is longer than the corresponding
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distance observed by electron diffraction methods in bromobenzene (1.86 +.02),
Yuzawa and Yamaka, 1953), or in p-fluorobromobenzene (1. 87 + '. 02,
Oosaka and Akim<:>to, 1953), or observed.crystallographically in 1, 3, 5-
‘tribromobenzene (1. 86 + .04, Millard and Pant, 1960). The Br—Cl. |
-'distanée' is espe‘c':ially sensitive to systematic errors, which cause
ripples in the electron densit}; map in the vicinity of the heavy atom;
dur1ng the p'roces's‘of'refining the various sets of data this effect was

_ n:cla.titéfgd-:as‘ err_ét{c- éha;#ggs in this distance until the final éycles. In
' view of ;his 'f,aé‘ft,_" and of the' rather large standard deviations reported
ir’r"t-:}:;;ilri_t_ératui'e 4<‘:'A.i’te:d above, no significance is attach;ed to the difference
b.etweg"xi‘...th'e_.valug found he,re_: and those cited above.

:‘A'»Th.e-':%n.eé;es.t‘j;ionB'onc'lefd mneighbors distance (Table V), based on the

calculated hydroéen pos1t1ons, show that the oxygen atom is sur?ounded

by HZ, H4,' andH at 2.37,2.49, and 2.83 A respectively, which

5,
restr;,ct~its:'1atera‘1‘mo‘t1on. : The closest intermolecular nonbonded

a;pprb'aﬁ;hefs are bét\;veén HZ- and HS’ at 2.38 and 2.67 A. A close intra-

molé'c’;_ﬁlafl apfpf'Qac%h.Qci.cﬁrs between H4 and H8' at 2.01 A, assuming that

'th;ase hylrd.’ro‘g'e‘rAls 11e “in.nt,he planes of the benzene and enol rings respectively.

The ?eréendiéﬁléi' .cﬁstaneé between least squares molecular planes is 3. 514_1&.
'I“.h:e _,thefmé‘l s’te'feogAram.sA (Fig. 1I) do not show any pronounced oscillation

of this"ratherﬁ:r.ig‘id r.ﬁdiecule.'about its major axes, as woulld‘have been

expected, qusibly .Any such motion is masked by systematic‘erroArs in the

observed light atom vibrations in the presence of the heavy.atom, but it seems
!
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more likely that they are masked by the pecularities of the enol ring
(see below). The standard deviations of the RMS thermal axes (including
covariances) are 0.001 ;. for the bromine atom and 0. 01l ;X for all other
atoms.
The greates.t thermal anisotropy is shown by the bromine and oxygen

- atoms.: The bromine atoms has its minor thermal axis nearly parallel
_té 'tlhg 'ABr_-.Cl-' Bond, as might be anticipated, with the mean and major axés
.r'l‘ea;xl'lylixo.r;nal, to fhis bbnd. These axes are consistent with some motion
of .tl:h;v‘n’.loleAc:f;:lle aié; a wl;ole with relatively large Br-C bending amplitudes.

4 "Qif: :é,p“elcia;l._ii';tgres;t is the thermal stereogram for oxygen. The enol
is requ.ix‘e.dib)'r‘..’c.f‘}ii\séj‘a._l‘ syrlalnmetry to have equivalent C-0 bonds; but if

o

thgse'w‘_é.re_.sf'atistidally equivalent due to random arrangement of

% H-O Q-H ~-Q
AR : !
R-C .7 C-R R-C C-R
‘\ c /._ and \\C —
I 1

molecules withir';‘j'.tl"i_é.' un1t ééil, .then the oxygen and neighboriné carbon

: positiénfé should :sAhd‘w“ ail:;nox;mally large apparent RMS amplitudes parallel
to theC-Obon\dsThls ié clearly not so, and the thermal parameters
'strpr;glgr"sxlxg'g'_es:f:"t_‘lzla_t‘ the two C-O bonds are equivalent, corresponding

to ‘res;)n"an;ﬁ'e_, }'aé,tvwe.e;nj'th‘e.two forms shown above; All sensitive distances
‘areb'allijsé mo~r._e.'c.o.rnpatibie with this interpretation than any other. Nt.ate-

8is

that C-O is -1:’..'30'6, C3-Cg is 1.457 (trigonal single bond), and C4-C
'1.393 (50% double bond character).
"~ The abnb‘rmally low thermal axes in the molecular plane may be the

result of the restriction of the oxygen in this plane due to very c¢lose

hydrogen neighbors (see above). The very high amplitude out of the
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molecular plane is,‘ however, unexpected and suggestive of an anomaly.

It is to be noted that & C-O-O is only 89.5°, so that <C5-O-H
would be tjabnormally small if H were directly on the line of centers
between the oxygen atoms. It seems likely, in the circumstances, that
this hydrogen bond is bent, as shown in Fig. 3a. If this is true, then the
very close '(‘)—(A)‘cc)_ntact of 2.46 1;:, among the shortest known for hydrogen
bAonde, .ma& leed to etrong O-0O repulsion, e.nd a warping of the oxygen
aforns out '-ofv the molecular planeas shown in Fig. 3b, so that the oxygen
atOme e.re atu‘r‘a'.ndqm' 'in‘positions m or positions n of that figure. This

: 'woﬁlAc'i' 1éaLd ;t‘o- the a‘ppa‘ren‘tly ver? high amplitude normal to the ring.
o Unfortunately, the ';-‘-.rey'data are not sufficient to cenfirm this conjecture.
Th1s sugge,ét;io:rif'doee; '-l;xowever, have the additional merit that it would
ieed"td serne"cvllietor‘t:ien or randomness in the carbon positions near the
; qu.g:eixrs,“ that1s, 'né;a";.the .cent‘er of the rnolecule, leading to apparently
. hig}i thermal parameters for the atoms and obscuring the oscillations of
thlsr1g1dmolecu1e as a whole, which are to be expected.  (Possibly the
Single; bo_'nd'.c"ha:ra:c}ter' of C.,3-C8 reduces the rigidity, also giving some
extratorswnalfreedom to the enol rrng which would show most clearly
" in the 'jt}zler‘r‘rra;llipéramefers of the oxygen atoms.)

In s'p,it'e:_,‘ef‘the‘ ‘fal-c.:t that this structure determination seems to sett]\,\e
the nafure ef_the enolAs', at least of the aromatic é -diketones, the interest
in this: peint ax.lcji' J'Tn'the ehort hydrogen bond has caused us to regret the
tincerta.ixr;:ies introduced by such a heavy atom as bromine. Accordingly,
the structure of the corresponding (but not isomorphous) chloro-derivative
ie in progress.

Acknowledgement: This problem was suggested to us by Prof. G. S,
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‘ -Ha'_mmond in connection’ with his study of hydrogen bonding, lithium

' chelation, and other propertiés of these compc“:unds. :



Fig. I.
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CAPTIONS FOR FIGURES
(a) Projection of the structure of the (QIO) plane, including

hydrogens in calculated positions; (b) Projection of the

structure onto the (001) plane, with hydrogens omitted for

clarity. The light circles represent atoms behind the

“asymAr_n,etric unit, and the dotted circles represent atoms

<.~ in fromt, .

T'héf;_nal stereograms for the atoms, transformed so that

- 5 ‘t‘he_é'p'l_a_.ﬁefbf the paper is the least squares molecular plane.

‘-".,',‘The";,di;"ecti"ons, of the RMS thermal axes are shown stereo-~

. graphmally, and the length of the axes are indicated in A.

Fig. ML

(a) Postulated e}no'l ring structure with non-collinear hydrogen

: b)s1deV1ew of oxygen atoms showing effect of O-O

repulsion, . .
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Final values (xlOS) of the parameters and their standard deviations. The form of the temperature

factor is exp (- B8 uhz - ﬁzzk‘z - B 33.'Z

Atom

.Br'
g .

Q K0

O L 0O

L O O 3

@]
o

Q

AN

AN

X

}V'3607 ‘
3
20969
.20 s

- 8825

o 23
12611
16776
22
16478
25
12342
29

8438

21906
26
25000

y

- 23057 ,
ga824 - -

1139:-'-f:
39904
-f:190;?;t{:Ab
| 55253
183

68336
172
65099
200
49400
231
36621
| 205
85010

210

Table I

2.28 |,hk -2 13h4 =28 5kl ).

z 2 11
15544 . 107
S e
36
1f76§;§;5"‘
4"¢;55} '
 ;,11562 ff ‘
4t 9.
5457 8
47 8
94497 110
53 9
90046 148
53 il
96177 127
55. 11
10467 131 -
50 10
5204 110
66 13

T
7:106‘,

BT Pss
695737
e

151?17233’:p~,'g32
' 902 1 27
83750 573
507 47
4170 387
472 38
527 33
527 33
7098 396
680 £1
7463 443
646 42
7155 501
684 - 48
7816 357
747 41
6713 280
801

48

Pz Pis €23
-52 83 67
9 2 23
-828 -4 -107
78, 12 140
- 69 7 217
56 15 128
47 24 -230
54 14 112
121 9 -167
53 13 107
61 3 - 42
64 15 133
-80 -51 41
75 19 158
-87 -59 -2
67 18 144
36 -21 -152
68 16 143
-54
89

81



Table I continued.

13077
19451

12122

250000

5240

57358

74906
- 47102
24487

20073

89620
81634
 96#6Qf'ff

178

178

178
178

178

7606
7606

7606 -
7606
7606 -

764

764
764
s
-f_1764'.‘

61
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Table II. Observed and calculated structure factors. ;
i

" H K.k UBSERVED CALCULATED
0 2 0  46.230  -u6.693
o 4 0 10.860 10.836
2.0 0 u3.840  41.193
2 1 0 15.900 74,966
2 2 0 42.500 42,16y
) 3 0 17.110 11.562
2 % 0 12,920 12.139
W0 0 20.140 17.321%
b 10 108.960 - ~114.047
TTTW T2 40.560 -40.656
y 3 0 16,870 16.829
i i 0 10.270 9.308
_ 6 0 0~ 11.960 10.322
TR T8 3.240 ~53.301
6 2 019,670 —19.446
6 3 0 22.480 25.306
6 4 0 4.550 3.708
8 0 0 23.3u40 -21.051
8 10 56.450 _  =55.270_
B 0 28.170 28,179
8 3 0 304190 . 29.541
10 0 0 32.u40 ~30.784
10 i 0 39.520 —38.9u4
10 ] 0 25,480 25.159
10 .3 0 25.320 25.3u4
T TR T T10.650 T TTTTE0.129
12 0 0 60.440  -58.040
WY T 21l tu0 T ~27.002
12 2 0 26.530 28.728
12 3 0 8.460 7.520
12 w0 0 13.840  -13.795
v’ 76 0 50.490 “Lh6.uyl
w2 0 . 33.250  _33.309
iy 3 0 7.590 -7.121
L y 0 12,980 -12.677
16 0 0 LY -51.108
6 V0 16.320 16,071
16 2 0 36.080 38.476
26 03 -0 . B.5u0  -8.164
R P 0 4.260 ~3.397
18 0 0 28.830 -27.218
ig 1 0 27.190 27267
82 0 .9.790_ 9.351
8 37770 “TY2.0110 =12.179
e w0 L4eTUO  =h.813
20 0 0 13.640 -13.289
20 10 48,080 Lb7.641
20 2 0 2.770 .13y
20 3 0 12.300 -12.111
22 0 0 8.800 5.500 °
22 0 22.350 _ 21.705%
22 2 0 3.460 -h.y83
22,3 .0 6,790 =12.245
2y 0 0 39.410 40.065
L2 o 19050 .18.910
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Table II continued.

L2 2 0 o oe.r10 0 =10.792
24 30 9.880 -10.053
.26 0 0 14.290 13.391
26 1 0 10.020 9. 451
26 2 O _ .. .8.030 . =—1s.118
26 3 0 4.180 IR L5487
260 0 . 12.790 _  14.057
"""" 287 1 0 6.310 ~6.986
28 2 0 15.090 -15.670
30 0 0 15.570 L. 483
30 1 0 "4.380 -4.870
T30 2 0 jo 5807 T =11.009
32 0 0 10.170 9.3u46
I 7 R ] 62160 Z7.570
0 Voo 29.030 -28.923
i i i 16.070 -15.596
i 2 1 8.250 -9.3uu
TR ) 4.230 837
2 1 1 11.200 -11.093
Ty T T T TS 510 U329
3. 1 8.190 7.430
3 2 i 1722907 ~77.953
3y 1 5.870 5.859
TTTTRTTTTYTTTYTTT 45,040 T H6.837
v 2 1 7.540 8.032
RS R S R T3 I300 7T TR US6N
5 1 ] 11.930 -11.531
5 2 i 5,650 6. LT
5 31 8.990. 9.114
T T T 20320 7T T T UL 668
07 1 1 8.950 -9.3%80
T TR, G0 T —10.760
)13 9.300 9.40U
.81 1 5.060 ~5.213
8 -2 1 28.020 -28.583
8 &b i 65.430 §.787
92 _9.060 _ 8.905
TR 2,760 oS53
9 W 1 4,970 -14,.535
0 i i 5,350 .92k
1 1 i 9.980 -10.624
YV 7.980 8. k50
1 -3 1 5.600 64361
T 9.870 29,695
123 1 17.990 18,769
3 i i 3,740 L. %70
132 1 Fou30 o T.T10
13 iy 1 L. 180 -3.820
R I 6.540 __7.097
5 b i 5. 700 -6.058
62 1 13.120 13,097
16 &4 1 3.910 -4,162
oo LoBUO _  M.TI13
17 3 i $.230 ~5.282
IO S 2,180 =2 TH5
ig " u | 3.370 -2.978
[0 2R D SR 1 X1, 1 SO (30390 _
19 2 ] 4. Hh40 64390
19 31 5.800 -5.281



Table II continued.

;20 1 1 d.040 . .8.832
21 3 1 3.880 -3.978
22 1 | 4.080 -4,373
23 1 ] §.700 6.240
23 2 v ... 3.0860 . =2.593

23 3 1 3.320 -3.523
24 Vv v o k.350 The736
TRy T2 1 30950 3.6173
27 2 | n.190 -3.772
28 1 i 8.090 B.453
0 O 2 10.790 11.519
0 2 2 18.790 19.741
. 0..M 2 7.220 ~7.528
i 0 2 50.970 -48.595
] 1 2 58.470 -60.813
i 2 2 9.880 11.305
) 3.2 . 25.650 25.841
TR TR u.750 -4.386
2 0 2 . 23.960 _ -24.20u
T2 2 10.990 10.902
2 2 2 14.060 14,868
2 32 7.8u40 ~B8.156
2 by 2 5.780 _=5.825
37770 2 32,670 ~37.182
.31 2 o 63.3uw0 0 -65.962
TR T2 25.710 26.491
3,3 2 17.050 17.330
T3y 2 . 3.660 ~6.874
.3 5 .2 . u.720 h.815
TR T2 6,830 “hy.n7
w2 u.TT0 _..5:096
TTTW T2 2 14,230 i4.607
y 3 2 9.980 -10.406 .
-5 0 2 78.180 -77.867
.50 2 - 16.320 @ =16.988
e 2 36. 140 36.916
-5 3 2 . ...10.660 _ 10,790 __
577y 2 i1.060 -10.739
5 5 2 4.130 =3.577

670 2 10.740 -10.536

6 -2 17.380  10.u23
e 22 5.470 -5.909
L6 3.2  B.960 —9.958

B A 2 68.560 -69.207
ST 2 8.660 -8.045
7 2 2 42,090 43,514

1. & 2 . 2.700  -12.302
‘8 0 2 5.600 5.039

e sy 2 b6.680  M6.T66 _

'8 3 2 © 5,120 ~5.938
9 0 2 51.750 =49.963
9 2 33,690 33.003

9 2 2 32.500 33.390
9 '3 "2 7,140 -4.821

-9 u 2 5.830 -11.369
10 " © 2 7.530 " T.454

Jdo 1. 2 .8.260 8.996
10 2 2 8.7260 -10.108

11 0 2 46.890 _-4N.927
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Table II continued.

S v 2 o 33.080 0 33.087
TN 2 2 25.870 25.650
11 3 2 20.800 -21.029
il n 2 5.190 ~4.196
12 0 2 . 54.580 = 52.864_
127N 7 T6.680 64849
r2 2 2 15,450 = 16.472
V23 2 4.790 “4.y69
3 1 2 44,190 43.423
13 2 2 4,080 5.319
13 3 2 21.420 -21.576
3Ty 2 3. 420 ~3.861
14 0. 2 _B.590  9.157
YT 2T T30 -17.281
15 1 2 45.880 45.666
5 2 2 5.790 ~6.367
5 3 2 _6.290 -12.303
Ve T T T T L30T T T L 220
16 1 2 19.170 -19.870
B V'S 27772 7.380 ~7.610
16 y 2 5.610 5.705
17 0 pJ T W20 75.977
17 \ 2 26.010 26.110
TN T T 2003607 T TE20. 142
17 3 2 12.170 -11.788
TR T L8507T T T T T, 609
18 0 2 6.300 5.861
18 i7" 8.850 ZgUsTY
18, 2. 2 7.630 ~7.453
YT R T T e 1507 T T8 992
19 0 2 36.630 37.044
T Y T YT 16,7607 T T 164199
19 22 2 17.240 -16.994
a9 3 2 7.320 -7.698
19° 4 2 6.730 6.329
~20 0 Z §.880 =3.936
120 ] 2 7.510 -6.636
20 37772 75100 7.690
2y 0 2 31.540 31.185
2 i 2 6.180 -4.873
21 2 2 20.460 -20.105
TT227T0 2 5.970 S3V9TTT
22. 1 2 9.780 -9.995
20772 2 3940 3,587
22. 3 - 2 5.790 5.261
23 6 2 27.190 25.76¢8
23 ) 2 72630 ~7.908
TTIYTTT2T T 7560 S17.540
23 .3 2 54000 5.017
2k V2T 900 T T T TR 225
2y 2 2 6.500 5.392
250 2 6.140 6.265
_ 25 12 16.840 ~16.9u3
282 2 T10.u4i0 167377
25 3 2 4.310 T.651
260 2 10170 -9.798
26 2 2 5280 5.606
27 0 2 9.330 8.300
L2 Y2 _18.7u0

7184555
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Table II continued,

_2T 2 2. 3.780_ _m2.848
28 0 2 11.490 ~11.659
28 2 2 64220 5.786
29 0 2 5.210 -3.877
29 V.2 11.790 -12.164
29 2 2 3.660 3.572

30 6 2 . _.5.340 . Th.T726
30 i 2 h.750 4.208
3 0 2 8.450 -8.507
31 1 2 6.100 ~10.736
32 ] 2 7.350 7.769
i3 0 2 9.790 ~70.424

0 1 3 11.840 ~14.780
0 3 3 21.020 21.007
1 1 3 5.290 -4,789
2 .3 5.190 5.998

2.2 3 3.8u40 4.953

T3 3 5.600 5.083

3y 3 o b.720  M.WT9
Ty i3 . 9.780 ~9.25

w . 2 3 23.240 22.895
i i 3 8,270 7,262
5 1 3 _3.940 -3.718
) 1 3 3.800 D AR
6 4 3 7.690 -6,.88Y
T 3 3 3,730 ~3.855
7 3 3 3.370 3.657
8 i 3 20.180 20.791
8 2 3 5.690 6.289

e 37T 5.600 305997

9 3 7.180 -7.835

10 i 3 Yy.5507 7 T T T3
10. 2 .3 4.780 5.40n
10 3 3 6.100 “5.748
10+ 4 3 4,670 -3.937

TV T3S T 3,820 Ty 4N

12,3 3 6.380 -5.804

TSR3 4.060 ~hJuey
13 2 3 4L.540 4.390
N 3 3 6.680 2801
15 Vo3 3.890 4,029

e TV T I, 260 13,7337
16 3 3 6.780 -6.361
8" & 3 5. 120 4.107
200 2 3 12.810 -12.486
20 m 3 4.730 4. 54,
22 2 3 4390 -3.879
2k 773 5,610 ~4.015
2y 3 3 8.320 1.525

28 2 3 4.100 303U

0 0 Y 65.550 -65.7u8
0 2 i 23.230 21.90%
0 4 & 10.610 -10.147

YT T YL 800 19.307

Sy e u1.6n0 u2.570
a2 v ‘8.240 7T '~-8.668

vy h . 18.710 —18.65]1
2 0 [ §8.8u0 -46.453
2N M 16.080  15.629



Table II continued. 25

L2208 26.170 26.802
2 37y 10.310 -}10.728
i 4 4 e.810 _______-8.924
3 0 y 32.330 32.712
L3y oW 3n.260 0 36.6T70
3 2 u 16.080 -16.528
L3 3 b 11.130 =11.310 _
3 y n 7.310 6.827
5 0 L 16.800 -17.025
y 1 y 31.700 31.201
4 2 28,7190 29.495
v 3 L 13.510 -12.899
5 0 4 u40.650_ 40.004
s y TT.430 1Y.787
5 2 " 32.220  =33.077
Y 3 N 6.840 -6.333
5 y .o 8.000 7.232
T T0 ¥ 16.240 =15.10%
6 -1 4 40,720  h0.775
6 2 y 5.200 6.0u¢E
e 3y 14.900 -14.079
7 0 i 50.uug 50.225
T2 4 22.010 -22.635
B S i 7-1290 6.890
8.0 u 8.100 ~7.07
8 1 N T 270 43.572
8 2 i 11.870 -12.010
T3 15.300 -15.529
9 0 . u 31.190 31.336
T I Ty 24,280 ~24.007
9 2 4 21.830 -22.408
TR TR TTTTTTTTTg 3507 T9.1T2 T
9y y 6.250 5.879
0 N ALY 22.813
B " 26.810 27.501
2TTTRTTTTTTTTTIL IS 00T T T e 3e
3 04 13.910 -14.298
i N 5.000 4,385
) 4 29.830 29.541
i N 25,590 -25.838
2 L 11.070 -11.180
3R 8,150 8209
y I 6.030 5.971
YT TS 4 S0 51.365
1 u 15.640 15.811
] 0 T6. 470 “T6.106
) 4 be120 -5.u483
N [ 5,780 6.354
0 4 9.270 -8.131
VTR TR U290 3007317
3y 12.680 12.043
YT T TG, 9907 30.850
B i 4.280 3.956
TTTTWTTTT T 22.u30” <22.284
Lo 7.180 6.505
B B T “6.370 7 TTI6.793
Ty 27.210 -26.347
2 Y TT6.320 . 810
3 u 13.440 13.552
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20.420 19.813
14.720 14,034
212050 =21.076
u.740 4.486
$21.850  -21.860
13,180 7 -13.118
12.810 12,467
“8.480 3.518

e __._._.._.__!f . 2.,‘ Q_.____-,_-_m iy l‘..f«“é-'?
18.400 18.605
17,660 =17.666
12.590 -12.438

. 6.830 5.991
4.990 4.201

11,670 -19.729

8.970 -8.400

18.220 18.569

4.810 ~u.715
_.10.800 __10.797
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92550 9,310
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TTTTTUOYZLeN0 T T T 15,256
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9,760 T T 9,055
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2,850 T TTTTTEN.670
13.810 =13.574_
6.200 “5.333
9.970 -9.3u1
TUUTI301607 T T TN 20769
4.790 3.822
TUT6J590 7T T 7264456
11.120 -10.808
7.710 -7.809
9.220 9.308
TTY2.020 07 7T T12.1585 7
11.670 -11.021
T 10.540 R VP & & A
5.660 5.362
YT R, g8 T
5.110 -4.u486
TUN0.T72077 T T =2
3.850 2.792
T 7.990 '8.532
_2.720 h.bu2
g 130T T T T Rg 2T
19.170 . 18.903
5.870 7T =6.215
10.270 10.5k4Y
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_4.820  -3.405
L9920 -1Ji57 7
6.960 6.239
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Table II continued.
4,670 4.9T7)
7.020 777 =3.654
6.840 _onbet21
12.720 130439
3.480 =3.u447
3.030 73,730
5.550 S.86u
T2.8u0 T 3,085
4.190 —7.077
9.770 9,290
7.790 -7.2u4
TTRU0%0 T T T 7.3
2.770 -3.205
‘a.800 7T IgL931
5.250 . 5.32]
5.910 5,002
7.900 -8.282
W30 TR, suNT
5.430 4.956
TTEL010T T T 25,899
5.140 4.567
B L e S P
4.690 5.91h
6.550 7T T T Z6 u6T
4.770 . ~4.665
A T T
3.940 -3.133
TS 5407 L3917
H.u10 -3.930
H.270 77 77T u.0687
4.210 2.966
TT3.9607 T 3,90687
5.050 4.505
4470 31397
2.740 1.888
b.160 77T 23,655 7
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9.680 8.80u
g.u80° T T 7.864
28.850 27.626
13.630° 7 13.562
.7.890 _=1.07)
TTIQU230 39,7057
23.520 ~24.343
1w w70 7 T =u.T89
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Table II continued. 28

6 c 6 9.080

6 1 6 52.070

6 3 6 .. .. .16.910
7o 6 19.800

7 1 6 5.780

7 2 6 10.310

8 0 6 13.920
gt e 40.000
8 3 6 14.630
TR T Ty T u.620
9 0 6 20.9u40
9T Y T e 4.950

9 2 6 11.780

10 00 e’ 29.620
10 1 6 25.950
TTTYOUTT27Te 16.960
10 3 6 10.040

0 L e T 4.280
10 6 11.480
1 i T e T 8.460
(R] 2 6 _ 8.u70
TR T T T8 200
12 0 ) 35.740
277y e T 11480
12 -2 6 24.710
V2 T3 e T 7.240
12 w6 6.130
TN e 6.550
13 1.6 12.270

i3 2 & 7.320

13 3 6 5.890
TN e 33.190
w2 6 22.710
T TR 6.360
15 0 6 4.960

TR TN e T 15.390
15 3 6 6.630
B T T R 24.720
16 1 6. 16.130

TV 2T e 15.810
16 3 6 6.430
716 T u b TTT7.530
LT 0 6 5.500
Ty e 12.590
17 . 3 6 44650
TR T TE T 160620
18 1 6 21.460

18 2 6 11.990

18 '3 6 10.790

19 0 5 8.820

9 16 7.830
19727 6 9.290

19 3 6 4.820

20 1 - 6 18.460
20 3 6 11.790
21 0 b Tho420

21 1 8 6.010
21 227 6 5.900
22 0 6 9.280

-10.258
T-8.157
.T1%550
9,075
L.bu9
17.388
-11.65%
-14.233
-5.132
T y.182 7
8.406
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Table II continued.

.22 1 6. 20.550  20.478
Y 2 [ 6.850 TI8.595 7
22 3 6 8.600  -B.236
23770 6 8.880 7 TTTB8.924
23 2 6 8.270 7.465
TR T 8,480 “BeS 1Y
2y ! 6 12.190 11.963
TTEYTTTTE TR T T T, 3507 T =104155
24 3 6 4,420 ~L.6uS
~25 . 0 [ 9,110 ~8.500
25 16 5.530 3.333
25 27 6 6,270 5.889
260 _ 6 18.210  18.380
26 1 6 L.L460 3319

26 2 6 10.490 -10.821
27 i & 5.740 5.887
28 - 0 6 15.430 * 16,383
""" 287772 6" 71100 ~B.143
29 -0 6 3.190 -3.020
TR 6 §.770 6.026
.. 30 0 6 8.900 9.203
T30 1 6 7.150 Bty Y0
o .1 -7 6.930 6.159
0 3 7 10.050 70337
< 1 7 2.320 ~3.298
Tk 7 G620 7T 196
20 v 1 10.250 10.584
27 2 7 5.150 4,755
-2 .3 7 5.340 -4.283
B S T Wo120 T T I50T09T
3 3 7 6.700 6.152
R TR 7 6.610 Ze 2T
Sy 2 7 9.1u0 -8.858
T w7 4.970 . 2u2
5 7 3.350 -3.85Y4
ETTTTT 8.650 T -89.567
6 U 7 5.490 4.915
_Tfﬁm_wzm”wfam_wu__7;16dm_“ﬂnwm7;5uj_m
8 1 T 3.240 -3.046
82 7 4.570 4 .653
10 2 7 7.870 -7.958
PO IV R S SR P & K¢ TR LOY9
10 -~ b4 7 4.380 4.400
Y | IR ¢ G.200 T .345
12 1 4 u.780 5.135
STV T 1 T 5430 X
4 37 7.580 7.004
VT TR s 6T T =1 032
16 -3 "7 4,570 4L.118
N TR TR 690 3.763%
18- -~ 2 7 6.800 6.050
19 7 5.0u0 TTTRIINGT
20 2 7 7.880 7.077
“f?r“““3’““7‘”“"““'”“3.736“”““’“”i2:725“w
-0 0. 8 15.920 ~14.870
YT T8 TR, 360 TTETY
1 vo8 o 32.300  -33.817
T3 87 T TS W A0 TN .830
1 8 5.650 4,672

i
Sl

N



Table II continued. 30

2 0 8 - 8.600 8.275
3 0 27.480 -28.247
L3 8. 21.,u00 —21.491
3 2 8 16.540 16.772
3 3 8. . 13.830 14.088
3 n 8 6.240 ~5.495
¥ 0 8 _ 5.170 1.957
Ty T 8 10.400 10.459
8 2 .8 o 82830 _=7.504
5 0 8 27.010 -27.906
S5 1 8 22.540 -23.711 _

5 2 8 20.860 21.008
S w8 7.610 TN
70 8 33.110 ~3u.582

.. 1.8 $.790 W.349
7 2 8 25.720 26.650
LT 8 6610 =-6.207
8 0 8 12.310 12,744
L. DU S - 10.090 _..T9.788
9 0 8 40.560 -43.405
9 oy o8 . .9.dwo  8.040
9 2 8 18.440 18.499
9 3 8 . 7.u20 -6.278
TG TR T slus0 T T =500
10. 0o 8 5.500 2.695
it 7o T8 " 13,660 ~13.678
RE 18 28.590 _  29.335
M 2 8 7.660 10447
v 3.8 9.150  -8.320
LK I 4.830 ~Lh.,u85
12 0.8 15.090 -15.783
2 1 8 5.660 -3.248
_13: 0. 8 11.570__ = 11.150 __
T3 8 27.990 28.525
13 =2 8 _ 6.070 . 5.752
i3 3 8 10.210 ~9.851
dw_ Vv o8 .. 8.220 ~T7.783
5 0 8 19.040 19.043
A5 1.8 J19.r20 o 19.713
15 2 8 6.970 -4 .24y
15 3 8 12.1200 -11.908
16 0 8 7.850 5.697
Yt o0 .8 . luw.180 0 13.65)
7 ] 8 18.190 18.010
17 2.8 11,420 . =10.749
7 3 1} 8,820 ~-8.765
.18 0 8 . 7.520 ~7.597
8 2 8 . 7.050 6,226
19 0 8. S 17.510 16.770
19 18 5.800 "5.228
e 2 8 tu.180 -lu.2ul
19 3 8 4L.730 4,264
20 0 8 8.390 ~7.185
20 | 8 6.6u0 ~6.015
21 0 8 18.870 18,404
21 2 8 13.760 -13.396
Je2 . 2B D350 4.323
23 0 8 12.960 12.879
25 1 8 £.210 ~7.623
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Table II continued.

23 2 8 9,180 _ -8,798
2h 0 8 8.180 -7.939
24 i 8 5.710 b 41y
24 2 8 4.590 3.935
.25 0 8 12.220 11.860
25 i 8 10.550 -10.017
25 2 8 6.050 -6.431
26 1 8 L.490 3.697
27 ] 8 10.600 -11.016
- 28 1 8- 4,140 5.532
0 3 9 8. 140 -7.843
i ] 9 5. 480 3.415
] 2 9. 8.630 -7.931
2 1 9 6.180 -4.387
2 2 9 5.890 3.893
T2 39 8.990 7.853
2 u 9 5.370 ~5.270
3 i 9 6.700 ~5.234
3 3 9 7.190 5.874
Y2 9 7.660 -7.832
i 3 9 7.290 5.089
5 ] 9 7.560 ~5.611
b 2 9 11.270 10.290
B 2 9 7420 5.766
8. -1 9 11,500 ~11.598
8 2 9 8.100 6.815
8.4 9 3.520 -3.480
- 9 8.270 T.763
Y9 7.360 h.914
i 9 . 8.590 8.106
.3 9 5.600 -4,579
i 9 7.160 —-7.0u2
- 9 6.230 4.286
i 9 9.310 -8.965
2 9 5.870 -4,807
2 9 6.710 6.386
29 6.640 -5.25h4
1 9 4.690 3,724
2 9 5.760 5.001
2 9 4.260 -3.169
2 9 4.200 -2.899
0 0 10 22.440 ~22.698
.0 2 10 19.270 20,091
0w 0 3.720 -4.000
‘3 110 11.980 11.781
2.0 10 26,920 -?7.0R%
2 -1 10 10.830 10.667
L2 2 10 16.420 16.633
2 4.0 3.280 -3.204
3 0 10 11.820 11.697
3 2 10 65.630 -6.207
3 310 5.830 4,179
o4 010 13.310 -12.270
b 1710 17.650 18.620
N 310 . 7.810 ~7.704
5 0 10 12.700 12,749
5 2 10 _ 4.960 v =3.179
5 3 10 n.340 -3.336
6 0 10 8.530 -7.816

S
'
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Table II continued.

6110 25.730 26,479
677270 8.u60 8,468
6 3 10 9,760 -9.413
770 10 8.140 6.270
7Y N0 7.200  =6.554
777727790 6.540 -5.7100
8 0 10 9.710 B.u24
8 17710 8.810 7.703
8 3 10 10.550 -10.523
9 2 10 6,960 ~5.827
9 3 10 b, 640 3,460
60 10 22.830 22.503
10110 21,120 22.684
t07 7270 10170 ~8.905
103 10 7.980 -7.423
0 10 3,650 4,570
1L 1 10 8.170 -6.683
i 10 5.530 . 195
12 10 5.870 -4.605
P} 10 9.120 8.110
12 10 13,130 -12.356
T3 io 7.040 5.215
'3 10 6,600 -5.304
3 io 5. 940 3.838
14 10 -27.530 28.226
i 10 4,060 SIa 133
15 10 3.000 -3,308
15 10 6.650 3,376
15 10 2.1460 5,645

6 10 9.600 -9.284
16 10 4. i70 3.658
N7 10 8.030 -7.123
aT7- 10 6.480 -4.789
17 10 L.680 3.373
a8 10 10.310 10. 137
18, 1.0 13.880 -13.879
19 10 9.140 -9.211
19 10 .850 3.584
20 10 13.060 -13.888
20 10 §.600 —6.187
A 10 7.570 —6.662
2T 10 4,360 4.205
22 10 4.670 -2.829
22 i0 11.380 —11.49y
23 10 7.390 7.192
L 2n 10 5,960 -7.073
24 10 6.320 -6.951
.25 10 5.070 5.866
26 10 7.930 ~8.547
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Table II continued.

12 3 1N 4.260 -3.603
13 2 1 5.9210 -4.784
15 1N 6.060 -4.989
15 3 3.050 2.615
16 111 5.330 ~3.589
0 2 12 7.740 —6.697
[ B T Y 12.580 13,759
2 0 16.260 17.120
2 112 9.120 -0.690
2 2 12 8.060 -7.199
3 0 12 11.150 12.078
3 T 12 7.510 7T.466
3 2 12 5.730 -5.283
3 312 6.030 ~6.302
4 0 12 6.720 6,057
W 2 12 5.860 -4.485
4 . '3 12 4.990 u. 1k
5 0 12 11.500 11.607
5 1 12 6.660 5.758
5 2 12 6.090 -5.95L
5 3 32 3.710 -3.54)
&1 12 12.590 =2.0591
6 3 12 5.600 5.856
7 0 12 8.350 §.54%
T 2 12 9.970 -10.507
L8 2 9.740 90307
-8 -3 12 4.710 4.089
9 no 12 7. 730 T1.571
e N2 12 6.990 -6.7u2
s K) 012 8 550 ~8.507
10 1 12 7.710 -6.814
o2 12 62930 7059
11012 5.420 4.568
1 T 12 8.160 7. u82
1t 2 12 5.380 -4.875
1T T3 12 3,230 3.350
12, .0 12 10.670 -9.726
Tz 22 7,780 7600
“13 0 .12 9.480 9.615
i3 i 12 7.980 ~7.900
.0 12 11.600 -11.210
w2 12 6.570 6.101
A5 1 12 6.5820 -7.290
6 .0 12 5.470 L. y7
16 1 12 6.650 6.357
i1 12 9.720 ~10.292
18 -1 .12 8,310 Y.204
g 2. 12 4L 710 L. 150
19 0. 12 7.110 -7.016
L2 R Y 3.980 L5467
21 -0 12 8.470 -9.330
2270 12 5L410 5.807
3 113 5.570 ~4.245
) 273 &.190 T =5.2737 7
10- 1 13 4.870 -2.718
0 27 1y TTR.ST0 ST &
1. 1 9.130 -9.122
30 14 3,830 =6.934
L 6.120 -4.6986
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Table 1I continued.

3 2 14 5.330 4.918
L0 1u 6.640 6.476
5 0 u 9.250 ~8.80]

5 T L 5.800 -4,.380

5 2 1y 6.060 5.811

[ R L] Ti.120 =Te.9rT

9 0 1u 6.570 -5.570
TN 6.4710 7.326
10 114 5.270 -4.789
71 1 14 7.150 6.610
13 1 1y 7,260 7.373
w0 1 5.050 -4, 1u58
15 1 1. 5.410 5.961
167 0 b 5.830 ~5.915
0 0 16 4.560 -5.115
270 16 5.170 ~5.761

L 0 16 4,430 ~54352
277570 3.660 —2.167

¥ 5 0 3.940 -2.259
6§85 73 4,270 <7.336
- 2.540 2.040
—Ta T 0 2.770 -2.0u6
20 4 0 1.860 -2.3u46
03 | 2.%30 =7.3u3
0. 5 1 2.200 2.468
1 5 1 T.020 5,217
1.°°5 1 2.230 -1.11Y
2772 i 72950 =1.8720
2w 2.540 3.292
2TTS 1 2240 2.918
33 1 2.360 3.404
3ITS 1 2.530 20176
SO 2.460 1.876
T 5 1 20710 T.908
S5 2.330 2.320
58T 2VT90 =32
e 1 1.830 -1.029
6§72 i .80 J93y
6 3 1 2.240 2292
Y - 2,610 —2.373
ST 1 2.380 ~14321
TUTYTTTR Ty TTTT T208700 ~2.077
.8, -3 1 2.500 -3.665
T TTAVESTT T T U303
0 2 1 1.980 -4.,068
10 3 i 2.370 —.ugi
0 "y | 2.300 =2,029

T T Zo00T =To7537
12. -2 1 2,140 715
1270 i 2,080 2.163
13 3 1 2.540 -2.836
[T i 2.270 ~3.6%2L
1y - 20 2.300 1.884
T4 3 1 20420 L 169
A4y 1 1.960 3.619
I ] 1,980 1,015
15 3 1 2.340 . 627
16 i i 2.100 ~.98%
g6 3L 2.340 - 437



Table II continued.

|
i
i
|

17 2 1 2.420 -1.613
i8 i 1 2.220 ~.993
18 2 1 2.390 -1.791
18 3 1 2.440 2.446
19 L 1 . 1.900_ —.326
20 2 1 72.410 -7 us7
20 3.1 2.270 512
AL R R R i.790 ~7.099
21 1 1 2.460 -1.604
21 27 i 2.570 ~2.707
22 2 1 2.450 "2.898
22 3 1 T2V T EIU568
24 3 1 1.900 T 460
25 i 1 2,220 YY)
25 2 ) 2.320 -2.885
25 3 1 17750 -.253
26 1 1 2.3%00 L781
—26 2 i 201107 Ve
26 3 _1.880 -2.619
27 i i 2.180 527
21 3 1 1.560 -. 6Lk
28 R 1.930 2.5u8
29 1 l 2.130 -2.u485
29 2 i 1.790 =1.560
30 .1 1. 1.840 -.3u48
30 2 ] ) i.540" =.B8%3 7"
A 1 1 1.730  -1.199
” 32 1 i i.5007 T TR U52%
- y .2 2.410 -1.612
T2 5 2T 1.650 YY1
Sy ooy 2 2.370 ~-.826
Ty 5 27T T 20090 0 T 30977
o6 2 2.380 -.163
65 2 1,710 1.868
S 703 2 2.350 2.575
T8 22 2.170 VIS LY
I 2 2.480 3.414
10 32 TT2.560 7 —2.892
e -4 20 0 2.320 1.936
L2 W T2 2722077TTTTTHLSN
21300 2 2.060 -2.698
B IR P 2.080 -.583
- 3 2 2.u440 -1.213
T L 2 2.780 2.701
RE - 2.120 1.801
—15  u . 2 2.740 2.761
16 3 2= 2.390 2. 44
‘18 i 2 1.890 1.896
20 .2 2 2.370 _ <637
207 2 1.740° LBL0
21 3 2 2.230 -1.062
2% 0 2 2.660 498
24 37 2 2.020 2.112
26 .1 2 2.410 =1.0237
26 3 2 ~ 1.780 -.838
28 i 2 2.220 -1.0u7
30 2 2 1.740 1.024
32 0 2 1.760 “T.45k
.5 3 2.020 ' -3.396




Table II continued.

12 3 2.060 ~2.957
1777373 2.430 -.u89
14 3 2.490 1.672
1 5 3 1.880 ~.605
.2 4 3 2.490 -.097
275773 2.000 -2.8u3
3 2 3 2.030 -1.109
37 3773 2.0 1.636
3 4 3 2.610 1.970
T3 5. % 1.850 =1.%600
» 3 3 2.630 2.791
w5 3 1.750 =2.122
s 2 3 2.080 -.478
5 3 3 2.590 2.255
5 4 3 2.550 940
6 2 3 2.210 2.399
6 3 3 2.440 1.465
T 13 1.970 1.088
L7 4 3 2.410 -1.472
83 3 2.600 -3.004

9 -2 3 2.210 .788
g 3 3 2.510 " =.100
19 4 3 2.430 -2,u6Y
T 1 3. 2.080 1.087
L1133 2.600 2.631
178 3 2.390 2.500
12 13 2.050 ~.587
T2, 2 3 2.330 2778
12 43 2.260 -2.109
13 .1 3 2.080 Ve
©13 .3 3 2.1490 -1.622
13 w3 2.080 .533
Iy . 1.3 2.150 1.354
w2 3 2.350 ~.382
CAG w3 2,060 .9u2
5 2 3 2.520 =7.305
15 3 3 2.590 2.879
T16 2 3 2.530 S1.626
16 u_ ‘3 2,140 2,232
A7 1 3 2.340 .786

7. 2 3 2.430 -1.385

TR 7.420 10308
17 43 1.890 -1.515
T8 1 3 2.360 L 60%
182 3 2.550 ~2.405
T8~ 3 3 2.570 2.39%
1913 2,430 ~1.832
193 2.550 3.758
19 3 3 2.370 -2.076
19 &3 1.790 32
201 3 2.560 -1.781
20 3 3 2.260 1443
21 13 2,430 -2.333
21 2 3 2.470 1.011
21 3 3% 2.200 -1.480
227 71 3 2.420 =.180
22 3 3 2,150 1.160
23 1 3 2.600 G.uu8
2 3 2.370 -.390




- T.able J-continued. 37

25 3 3 1.910 ~.363
.24 2 3 2.320 -1.299
25 1 3 2.420 1.706
25 2 3 2.170 ~.8uU3

25 3 3 1.860 -1.228
26 1 3 2.410 -2.815
26 2 3 2.050 -.552_
76373 1.720 7.806
27 i 3 2.230 .678
27 2 3 1.970. -.886
2813 2.120 -1.485
29 1 3 2.190 ~-2.526
29 2 3 1.850 -1.827
30 1 3 1.880 -.908
31 ! 3 1.830 « 505
‘32 1. 3 1.66 1.319

1 4 b 2.450 1.492

b o 4 2.570 -2.705
6 4 b 2.500 ~1.970_
T 1 4 1.980 1.601

7 3 Y4 2.600 1.601
-8 y 4 2.270 - 145

13 . 2 U 2.550 -3.420
A3 4 4 2.070 -.385
15 L Ly 1.980 -1.308

5 3 ) 2.600 30241
3 L 2.310 2.304
2 4 2.400 -.133
-3 4 2.130 -24127
2 b 2.410 .050
2 L 2.340 3.708
0 4 2.400 2.366
2 4 1.970 . 754
- 4 2.180 -1.529
.3 5 2.550 3.360
2 5 2.190 2.456
3 5 2.630 -.8L45
Y 5 2.490 .1.385
u S 2.410 -+ 172
v 5 2.1480 -2.991
1 5 2.030 . 185
2 5 2.340 -2.393
3 5 2.500 -. 789
L 5 2.%360 -.337
2 5 2.200 1.407
4 5 2.260 «923
2 ] 2.320 1.u472
-3 5 2.580 ho112
L 5 2,200 «868
| 5 2.100 -.402
4 5 2.260 2.268
15 2.070 1,331
2 5 2.360 .618
3 5 2.600 2.110
Y 5 2.270 2.467
3 5 2,610 ~3,228_
2 5 2.3u40 T-.334
35 20510 -3.200




|
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) Table IT continued. 38
2 w5 2.100 7+870
13 i 5 2.210 1.091
13 3 5 2.510 -1.35]
w1 S 2.270 ~.364
A4 2 5 _2.400 - 1.15H
W 3 5 2.410 1.807
4 5 2.020 -3.017__
B 1 1 5 2.350 .73y
16 2 5 2.420 1.313
6 3 5 2.380 2.625
16 4 5 1.900 .080
Tk 5 1.850 2.616
18 1 5 2.510 -1.203
18 2. 5 2.530 3.073
18 3 5 2.260 -1.311
18 b 5 - 1.540 311
19 2 5 2.500 -.855
20 i 5 2.580 -2.161
20 2 5 2.390 1.030
20 3 5 2.170 -2.435
.21 2 -5 .500 1.551
2271 5 2.490 1.607
22 - 2 5 2.290 __ =1.023
23 5 2.000 -.930
.23 1 .5 2.430 . 707
N T B 2.170 ~1.081
L. 24 3 5 1.800 .633
Te25 15 2.340 -2.068
25 .3 5 «570 . 095
261 8 2.190 -.681
.26 2 5 1.950 .070 "
2713 5 2,050 Ju79
28 2 5 1.810 -1.325
29 . 1 5 1.830 .259
29 20 5 1.610 1.645
T30V 8 i.630 . 939
N1 S 1.640 1.240
TN b 2.380 -1.20u4
3. .3 6 2.700 ~2.9L4Yy
TR 6 2.410 2.727
o3 36 2,700 -3.362
TR T 2.240 2.839
S8 2 6 2.400 _ =1.513
e W6 2.280 V.877
7. .3 6 2.040 -3.824
S, 2 6 2:310 1.778
9.3 "6 2.490 1,342
T b 2.290 T
B S S S - 2.180 3.801
1377746 i.900 . 750
. 1 6 2.410 2.714
w36 2.410 1.125
15 .2 & 2.420 .582
15y 6 1.860 L5071
A7 2 6 .. 2.400 1.438
20 06 2.560 U037 T
20 2 & 2.500 2.56k
217 376 2.170 2.716
23 1 & 2.570 1.587
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Table II continued.
23 3 6 Me9to  =2.329
2977706 3,190 -2.695
27 2 6 1.930 2.8u7
78 i 3 1.93¢C Z.871
I 2L L - 1.620 1.542
i 3T 2.570 =1.037
2 8 T 2.150 —1.295
37T 2,130 -3.693
3 4 7 2.130 —1.162
L3 1 32.510 U917
5 2 17 2.420  -1.911
5 3 7 2.5%0 2.389
.5 4 7 2.130 <24Y
TTE TV 27200 TLN72
6 3 7 2.570 -3.,518
7 77 2. 180 L157
T 3 7 2.490 1,722
P A TR { 57029 TG
8 3 1 2.520 1.939 .
8 i 7 2.200 2.509
9 1 7 2.340 —24347
9 2 i 2.4%50 (PR
9 3 7 2.510 1.228
R PN TR A T2.0000 T TIUTeu
10 1 7 2.400 -2.583
A b R T A yongo .588
17 L 7 1.960 -2.748
' T2 2 7 2.580 -3.283
12 3 7 2.380 -.914
TV TN T 1.8u07 1.006
13 1 7 2.510 -2.480
i3 2 7 2.540 . 383
A3 3 1 2.340 .214
13 & 7 17970 =2.297
s, 2 7 2.620 2.u3)
N I TR { 1,800 Y
5. 1 7 2.580 543
3572 7 2.580 2.759
5 3 7 2.360 -1.103
5 w7 i.630 —UE7
6. 2. 1 2.610 -4.151
T YT O T TTTTTTTTT2Us60 =1.801
a7 37 2.240 -1.929
8 T 2.5u0 .98y
8. 31 2.190 1.711
Y9 2 7 Y . 340
19 37 2.060 ~1.704
207 1 7 2.500 —2.562
20 3 7 1.970 1.232
2 I 2.560 e
21 2 7 2.320 -.6U42
22 [ 4 7.590 2.750
22 2 7 2.360 2.861
22773 7T B S & £ I 1 T §
.23 1 7 2.330 675
TTTTRERTTTETTTTY 2.270 270209
w233 T 1.550 --118
24 7 2,410 2.216
o2 2 T . 2.070 .010
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Table 1I continued.

25 1T 2.240 -1.486
LR A A 1.990 =2.007
26 1 7 2.230 2.570
Y S R { 7.830 .268
27 | 7T l.9u0 _-.72]
TS TR TR TTTTTTTTL6T0 27,709
28 ) 7 1.900 ~1,57V
T2V T 1.630 -.310
0 2 8 - 2.620 3,696
0 n 8 2.150 2.694
i 2 8 2.590 2.541
2 i 8 2.570 —2.168
2 2 8 2.510 -1,552
2 3 8 2.730 3,757
C2 y 8 2.040 1.096
n 38 2.550 1.548
N y 8 2.120 -2.578
5 38 2.7u0 4.310
6 - 0 8 2.670 3.112
) 1 8 2.540 —-3.193
"6 2 8 2.760 3.35Y
63 8 2,670 -1.938
-6 4 8 1.980 .9u8
ST T T T 2.590 =1.993"
-8 2 8 2.640 -1.483
8 3 8 2.540 ~7.086
8.4 8 1.860 L2717
70 i 8 2.500 Li193
10 2. 8 2.770 ~3.371
g 3 8 2.580 1,569
10 y 8 1.900 1.140
1272 8 2.690 ~2.4772
12 3 8 2.520 2.155
2. u - 8 1.660 1.u57
Yy 0 8 2.750 3.573
1W. 2 8 2.610 1.473
L 3 8 2.470 2.892
6 1 8 2.610 1,860
16 .2 8 2.580 2.585
16~ 3 .8 2.320 2.814
18 - 1 8 2.650 -2.508 _
8.3 8 1.980 1.927
+ 20 -2 8 2.330 -.736
20073 g 1.850 -1.975
-21 8 2.520 1.866
- W 8 1,680 1.211
22 0 8. 2.600 _=2.762
TR TR 2.6007TTTTTTTTHLOIT
26 .0 8 _2.180 _.511
TR6 TR T 1530~ <.036
27 0 8 2,040 1.382
28 0 8 1.850 3,264
29 o 8 1,630 -2.607
) e St S S ' £ + I Y I3
1 3 9 2.600 _1.154
YT T 2 000 T T T T T9T
3. 2 9 2,670 -, 159
Ty N 9 2,000 1,974
L 9 2.530 1.021

[
}
1
i
|
i



Table II continued.
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u 4 9 1.890 266
5 2 9 : 2.670 -1.232
5 3 9 2.700 1.632
9 1.890 1,843
6 1 9 2.620 2.167
6 3 9 2.620 -1.356
6 4 9 1.940 -1.776
T ¢ 2,600 10303
7 3 9 2.540 1.325
7 v 9 1.800 ~. 127
g8 3 9 2.500 —1.492
9 1 9 27590 U939
9 2 9 2.620 -1.48Y
9 39 20610 30077
9 u 9 1.700 —~.865
0 2 9 2,660 T 872
10 3 9 2.400 -2.102
0 L 2,760 1L
1 3 9 2.1430 1.566
12 2 9 2.570 =362
i3 2 9 2.510 .821
REE 2.220 T.501
w2 9 2.510 ~. 146
i~ 3 9 2,260 B Ty
15 1 9 2.630 ~-2.217
w2 9 2.520 1.59%
d5 3 9 2.110 ~.936
16 3 9 T.990 <.879
A7 -1 9 2.560 <96Y
A7 3 9 1,890 T30,
18. -1 .9 2.650 3.006 °
18 39 17900, =S Y1) I
92 9 2.240) 1.268
~19- 3 9 1,780 SN YA
2200 1 9 2.370 1.792
AR 22390 35.007
22 .1 . 9 2.200 ~1.802
23 1T 79 2. 10 =379
D280 1. @ 2.010 -.118
TN .2 - 9 1. 740 =2.247
250 1 9 1.860 T .932
I T 9 1. 790 o B -3
L2719 1.510 -.628
T 000 27580 =7.081
Y ...2. 10 2.620 -2.055
1 310 2.390 =, 663
1.4 0 1. 640 -.203
2. 370 2.560 = YT
3. -V 10 2.660 2.793°
3T w10 1.610 SOhy
4. 2 10 2.690 2.903
-5 T 10 2.560 .833
ST 3 10 2.440 .836
g 2 10 2.590 <237y
9 0 10 2.660 o741
9 i 10 2.660 =3.151
iv 2 10 2.610 -1.717
Y2 3 10 2.230 -3.yan
13- 2 2,560 _2.782
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Table 11 continued.
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I 110 2.660
TR0 Oou
15 3 10 2.050
6 1 10 2.550
17 3 10
e 1710 2,7
20 0 10 2
277716 7,240
22 2 10
25 0 10 2
23 2 10
2570 10
0 1 1
Tz M
i1 N
2R
13
2T
2 2
T
3.2 1
BT 10
5 -3 N
T
s 3
T T
6 2 1N
&3 I
7 1
S Y I
8.1
T S B
9 2 .1
Yoo 111
S0 2
o3 11
1 1
LA
13
72 T
120 2 1N
13771
13 3 11
TR R B
a4 2 1N
TG 3 11
15 2
162 11
A7 1
| A R
18, 111
N T B I B
19 111
P LA B B
20 1 M
20 2
21 11
221 Vi
1N




Table II continued.

i
i
|

0 0 12 2730 -1.u89

B 0 12 2.710 T72.530

1 2 12 2.380 -.263

\ 312 2.120 -2.867

2 3 12 2.000 1.394
Ty T 12 2.6u0 ~2.31
oy 0 12 2.560  =.300

6 2 12 2.430 U269

7 1 12 2.640 -1.,716

7 3 12 i.870 -.795

8 0 12 2.630 -2.567

i) 2 12 2.300 L]

9 112 2,410 - o544

9. 3 12 1.800 1.926
3 12 1.760 1.581

i 12 2.370 ~. 667

2. 12 2.150 -3.360

i 12 Z.340 2,176

R V. 2.460 -2.354

2772 1.920 <2393

2 12 1.920 1.168

0" 12 2.370 =1.u1s

-2 12 1.830 3.230
T2 2,140 =“7.4y88"

S0 12 1.940 2.2u40

17712 2.000 T 3.357

12 1.770 -2.710

I/ REI A 7.490 2.665

. 1.3 2.370 .086

AT 23 S230 =1.058

13 13 1.650 .523

27T 2.530 3,280

LG22 13 2.170 -.549

313 T.750 -2.618

P3.002 13 2.170 .555

33T 1.590 1301
ik 1 13 2.470 -3.654
ThZ T3 22120 S DTS

Sy 3 13 1.570 -1.539

S5 113 2.510 2.070

S5 72 13 2.140 .92y
S R 2.500 1,525

7 13 2.430 1.433

273 2,150 1.098

B8 1 13 2.300 1.957

8. 2 13 2,130 .57y

9 -7 13 2.320 . 142
9 27713 2.010 EEECE

10 2. 13 2.020 -1.273

T3 2,330 “T.uLé

1Y 2 13 1.890 -.339

T2 . 1. 13 2.200 -2.189

12 .2 13 1.830 -. 740

TV s 2,110 1.794

13,2 03 M.7170 =.308

Ty 1773 1.990" -.670
14 2 13 1.750 .279_

15 i3 1.230 .089

15 2 13 1.490 -.685



Table II continued.
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Table III. Distances from the least squares planes and
equations of the planes in A units.

Atom’ | _ A B C

'. Br . 014 124 .120

o . _. 041 -. 001 -, 001
| .001 . 026 .022
e, 005 . .026 .023

L . 005 -. 026 -.028

)

c '. RE -.002 -.100  -.102
.00z -.104 -.108
: 003 -.038 042

. 025 .001 . 000 L

., 082 . 000 . 000

)© 21,9794 x + 3.5972y - .1270 z = 1

B) ¢ .~2,3866.x + 4.1438 y + .0000 z = 1

(€) * 22.2797 x + 3.9642 y + .0000 z = 1
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Table IV. Intramolecular bond distances in A and bond angles
- in degrees. '

Atoms Distance Atoms Angle

Br-C,  1.9014.007TA Br-C,-C,  117.8+.5°

| Ci-C, 1392+ .009 C¢-C1-C, 122.7+ .7

C,-Cy - 1.400 4 .009 Ce-Cy-Br  119.5+.6

ci-c; ~ 1.410+ .008 C,-C,-C, 119.1 + .6

: c'4A‘-.c5 - 1.389+.010 C,-C3-Cq  -119.3+.6

c5-c6 . 1397+ .010 C,-C5-C, 12164 6

. C6-C1 o 11375 ¢ .009 C,-C4-C,  119.24 .6

- c_,’-c:7 '-_:-'.1‘:’. 457 + . 009 C4-C,-Cy  119.6 4 .7

C7'Cs | 1.393 + . 008 C4-C5-Cy 121.6 + .6

| c-,o "';.;3'06 +.008 C4-C(-C,  117.8%.7

| o-o | S 2.4644 015 C,-C,-O 115.6 + . 6

S ' Cg-C,-O 119.4 + .7

C3-Cy-Cyg 125.0 4 .6

Cq-Cq-C, 122,2 + . 8

C7—O-O 89.5+ .8



Table V. Nearest nonbonded neighbor distances less than 3A.

Atoms

Distance

Atoms

47

Distance

Atoms

Distance

Br-Br

2.

3,689 A

83

.84
.93
.96
.71
34
33
.?%{:;,
54§i7}fk
;85 “ﬁ
37
a5

.15

Cz-Cy

2.42 A
2. 78
2.43
2. 46
2.42
2.82
2.53
2.16
2.16
2.76
2.43
2.50
2.99
2,14

2.68

2.15 A
2.16
‘Z. 14
2.44
2.68
2.73
2.14
2.68
2.38
2.67
Z. 01 |

2,48



48

Figure I (a)
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Figure I(b)
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Figure II
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Figure III





