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thesis describes uc*:>,ii carried out and© a* 
c«pe?visioa of F;e©f©ssor J*&e I'obortscm since Setober 
19620 Xt is divided into two ©actions.?

Section X describes two structures solved toy the 
bcavy^atosi method* tu both gams.? it is the actnaX 
structure of the n&Xocule la the cksraic&X econos ana. t v  

steraoclioiai atsy that if,; of interest,- end for this reason
refinement was terminated at a fairiy early at &£;<.•> r

Part X of this section reviews certain a ©pout 5 of 
ho&yy^atosi and Fr/Hovsosi methods*

Fart IX is concerned with the structure of tko 
aetkioclide of the T^cotosy^T^H^yo&imbiao# £ao ©©m?i. garatios:
of the ace tossy group is the point of major inter© fit ftsvu, 
fhe results of this analysis have been used by i>!„ Finch 
aad !?*£« feylor of the CoX*3?Ao ^h&gmaceutio&X Oc^asp 
to establish tlao ©tes*eoclie£3i siriea ef a number of related 
compounds* fliis work is also an independent proof -of tu« 
structure of yohimbine9

P&rtlXX is an investigation of the stejpoocfoesnistr: * i  

of the rao&osiraos- ©f bemssiX through the ©rystal structr/vo 
arpjysis of the ■ htfcmobenso&to of the a-©ar*.:. :e 
Shore is se::>e ovi&ennci in tLo iiteratii7;:e that rr_ *»;«;;,•. • >v •' 
that fhdsorhnirorc n original &srs&gri*aa»t shsnit he



&oct±£XA ” describe** -an :,cenr‘:v>-e dsiesruination u:? 
bond lengths in X * 11 * - - h i J H and in peryloiie* loth 
molecules can bo described as composed of two aapkthBi.eslie. 
residues joined by long bon&Cs)* lt\G peaylon© f^olooulo 
is planar bat the binsphihyl molecule is not* Va^onoo 

bond theory predicts that the aromatic character of the 
pesyienc molecule is localised in the aaphth&leiiio residues 
and that the liaising bonds are pur© single bonds with, 
a© B-bomd char&ctsr* If this is cc p the dimensions of 
the so locale should bo vopy similar to those of Xpl" «<• 
MaaphihyX whore the dihedral angle between the pi one;,3 
of the naphihaJ.©Etie residues is 63°- large enough to 
preclude a n y  interaction between the two aromatic s y s te -n r  • 

She refinements of the two structures are dosarifeed^ 
and the dimensions of the two molecules are comparc-f-i 
with other molecules of similar bond type*

Appendix I is a short note concerning the choice 
of unit ceil ia a triclinic lattice*
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SECTION I 
Tim Heavy-Atom Structures



This section of the thesis deacribes the struatnx-xJ 
analysis of 7'-~-a£ehoxy-d^Ttfehimbino and the j a m  - 
hromobonaoato oh be.asil oo.Goii;:n , X •• is divid.ee 
into three parts-.

Part one discusses some aspects of the theory of heavy- 
atom and Patterson methods in the context of the problem 
to which they were applied* The structures in poi-ru. 
illustrate different aspects of the cooperative use of 
the two methods* This is not intended to be a gan'-a-t 
discussion of the theory or application of either method-

Part two is concerned withthe structure of the methiodide 
of the ac e ioxy-in&o 1 © .nine of yohimbine» This is; an. 
independent proof of the structure and stereochemisii-v- of 
yohimbine and is in agreement with the previous assignmsn* 
by chemical .means* The feature of interest in this 
analysis is the stereochemistry at 0(7)<? the junction 
between the iridolenine moiety and the aliphatic ring z;/s'oom(. 
This feature is discussed in terms of the work that has 
been done on oxidative transformations cf indole alkaloids 
at GIBA in Summit. Hew Jersey»

xfj. . j : W : 'uXaO ? X.-.: ■. .g' . O ’ X gmnr U C-
of grey to re yf tfr rrgy. g. . niaoaio of byyigil ourr-rf • y ,
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Certain gkenemoBa ouggosi that the accepted eonf:Ignratiov 
of the g and p isomers should ho reversed* The strueti*ro 
was solved fey the «sg of a "minimum function" derived 
from a sharpened Patterson syntheois* The eonfigiGxaiiom. 
of the molecule agrees with that currently accepted in 
the literature« Since- the molecule crystallises in 
the trielinie system? the choice of unit cell is not 
dictated by symmetry considerations* The cell chosen 
is the Br&vais reduced cell* A short discussion of the 
problem of choosing the unique cell in the trielinie 
system is included in Appendix 1*



I a I fh© , Pjmjsjs jP.vqblea
It in well known that the idea], diiffraotion pattern

caa foe calculated a structure containing 13 atoeae-
The structure factor expression gives the amplitude and
phase of the scattered wave and has the form 

N
(1) J?(H) = £ f.Cg) exp (2sr i H.r, ) - |?(H)| exp (j. &{&)) 

j = l  J ' J ”

where F(H) is the structure factor associated with the 
plane of Miller index H - (h, k 5 i)| ja - (x.. „y.. ,..3 .. J,

the diffraction maxima in the ideal pattern are obtain-?. -i

The positions of the maxima can be calculated from a 
knowledge of the sis® and geometry of the unit cell»

The problem facing the c xystal1© graphs r is the 
reverse of the one stated abovef given the diffraction 
pattern«. calculate the distribution of the atoms' in the 
unit cell. If we regard the electron density function 
in the unit cell as the sum of N atomic densities.-, then

the fractional coordinatesof the j * atoms <p(H) is 
the phase angle associated with F(H) and fjCjf) is the 
scattering factor of the j ' atom. The intensities o

from the square of the scattering amplitude„

N N
(2) p(j|) — 2 pis-Mu ) ~ £ P <S'.;5 >

jr̂'l  ̂ Jssl  ̂ *•* 5



where P (r) is the density function; ? is the vector 
{x9y-s)s and " - {?-•?.. }. . The fu.Bct5.oia fp.. { r..0 ) is the

J ”* ti  ̂J <̂1
atomic density function of the J ,M<V atom defined with 
the atomic centre ?( j ) as origino
Th« scattering factor^ (H)pis the Fourier transit,

*fes?of the atomic density function of the j * atom.
Let ( r~r. ) - ^  8 # Then* by definition,,,

*~%l

(3) f .(H) * J p. (rg .8 ) exp (2a? i H*j?.8 ) d¥r .5 0.
cl 153 J t! el c! .

Again-,, p, ig *8 ) ia the atomic density function referred fa 
< 1 5

r. as origin. By substituting this expression into 
f3
equation (l)* it -can be shown that the structure factor
expression is the Fourier transform of the unit cell 
contents.

(4) V
F(H) -©J p(r) @XP  ̂ ^rri H 0r5 d¥? •

By the properties of Fourier series*, F(H) is exactly 
equal to the Value of the appropriate'Fourier ©©efficient 
of p(r)j> so that

•f5“ <25

r) s* \1 t F(H)pexp (~2?i Her),?

The maxima in this-function represent the positions of 
atoms in the unit cell. If the Fourier series could ho 
calculated ®iiree* oiy £ roiB the experimentel data- go list? 
crystal structurea would be trivial* However*, too 
observes! intensities yield only the structure amp).£tttdo ?■;f



b ’QDK- TIio phases are nob observed. This is the 
v? phase problem” of e?y sbal.1 ography.

Beferring back to equation (l),9 the scattering factor 
and structure amplitudes can?, be regarded as known cineo 
th© former are available in tables and the latter can 
fee obtained from the experiment. This means that the 
structure factor expression can be formulated in forms 
of two types of unknowns*; the atomic positions or the 
phases. If either is known* the other can be ©••aleulabod 
This suggests two possible approaches to the phase 
problem. MDirectM methods as developed by Sayre* 
Zachariasen* Karl© and Hauptman and others* attempt 
to find the phases directly by finding relationships 
among the structure amplitudes® ” Indirect53 methods 
seek to solve the phase problem through the atomic 
positions.

1 o2o METHODS I W O L ¥IHH HEAVY ATOMS . '....*~
Tlie heavy« atom method and 1 somerphous replacement 

are distinot techniques* but both methods have developed 
from Bofeertsoa® s work on the phthaio-cyanine s»

■”I?re©5? phthai ocyanine and its nickel derivative 
ar© isomorphous; they have th® same unit cell dimensions 
and the same distribution of light atoms in th© crystal:. 
In the metal derivative * the metal atom is situated at



the centre of the qioI oc uX qS i ne s the phthal©cy ania©n 
crystallise in space group T2j/a with two molecules in 
the unit cell* the molecular centres must lie on special 
positions. Thus the metal atom lies on a centre of 
symmetry and makes a. positive contribution to all 
reflections. By comparing the structure amplitudes of 
Mfre@M phthal©eyanine and its nickel isomorpk* Bobertson 
(1935,1936) was able to determine the phases of nearly 
all of the observed reflections fro© phthaloeyanine*
This is th© earliest example of the solution of a 
crystal structure without recourse to chemical infomaiicm* 

Th© first direct application of the .heavy~atom 
method was the solution of the structure of platinum 
phthal© ©yanin® by Bob©?ison and Woodward (1940). Shw 
platinum compound is not isoaorphous with the two 
phthaloeyanines described abovep although it has the 
same space group* A Fourier synthesis using th© observed 
structure amplitudes and the phase of th© heavy atom si ©as- 
revealed the positions of all of the light atoms otiisr 
than hydrogeno

If the scattering power of one atom is very much 
larger than that of the other atoms in the structure and 
if the position of the heavy atom is known* the structure 
factor expression can be factored into light atom and 
heavy atom components!



M-d
(6) F(HJ 0x73 (21*: i IL,x ) I £ t .(B) ezco <2»

With a suitable choice of heavy atom* it will so 
dominate the scattering that for most planes the phase 
angle calculated from the first term in the series is 
a suitable approximation to the true phase, If a 
Fourier synthesis is calculated with the observed 
structure amplitudes as coefficients and with phases 
calculated from the heavy atom position,, it will reveal 
more atomic positions* These can be used in subsequent 
phasing calculations to give a better approximation to 
the true phases. The process is continued until the 
positions of all atoms are known.

hipson and Cochran (195?) suggest that the method 
is most effective when th© scattering power of th© 
heavy atom is about equal to that of. the light atoms 
in the structure. If a very heavy atom is used,, the 
contribution of the light atoms to the total scattering 
irs so small that experimental errors and diffraction 
effects become important, Under these conditions it 
is difficult to obtain accurate parameters for the 
light atoms. If the heavy atom is too light, the 
phase of the heavy atom is not a good approximation to 
the true phase and the Fourier map may reveal no new 
atomic positionsc Sim (.1957*1959) has calculated .



ike proportion of structure factors correctly phased 
by a heavy atom or a group of heavy atoms in space group 
Ft o and has developed formulae for the disiributton of 
phase angles around the phase of the heavy atom in. 
space group P3U His tables provide a good guide in the 
selection of a derivative suitable for X-Ray analysiso

lo3, THE PATTERSON FUNOTIOM
In 1935 Patterson defined the function

(7) ?<£’)=» vb|p(j.)pC£+£») av? »
tSubstituting equation 5 in equation 7 we get

(8) pC?«)=ra £  S F(H)ex?('-2nHo?) x F(H* )exp(~2irHg ,i.)«» -n H ”
X e x p ^ f ® *  <.£* ) « V

This function is sero except when H « -H0 § when this
condition applies 

1+0
(9) P ( p  ) - ^2 P(H) P(-H) 8xp(~2TTiJ|»r« )«o  U  —  «

<•̂ ,153

1 +** ^« «E |S’C|i)!'t exp(2«iH.l£ " )°H

Thus a Patterson function is a Fourier series with the
square of the structure amplitudes as coefficients. As
defined in equation J s, it is the self«*eonvolution of the
eie ctron density* The maxima of this function repaveerh
interatomic vectors.. If there are If atoms in the unit

7
qq 1,1 p there will be !!" peaks in the Patterson



map with M of these superimposed at tko origin and 
oa@ half of the remaining related to the other
half by a centre of symmetry at the origin* The

"'0 ̂weight of one 3 atow is its atomic MHber ZA? andi d
the weight of the ijw Patterson peak is Boft
the atomic functions p(sw ) and the interatomic function 
?(r5^^.)s are Gaussian* but the half-width of a Patter con. 
peak is the root mean square -of the half-widths of the 
atomic functions of the corresponding atoms* This 
leads to chance overlap of Tec tor peaks and tends to 
complicate the interpretation of the Patterson function* 
However$ inversion centers and translations in the 
crystal give rise to anti-parallel and parallel vectors 
respectively* This results in exact superposition 
of certain maximaP thus increasing their weights 
relative to background*, and is often useful in 
interpreting a vector map* If there are a small 
number of heavy atoms in the structure, the outstanding 
vectors in the Patterson map will be the heavy atom ■ 
heavy atom vectors and. the heavy atom—light atom vectors* 
Peake representing interactions between light atoms 
a fluctuating background of vector density for a sirue ti-r 
of moderate complexity» If an atom is heavy enough 
to be distinguished in the Patterson map,, ihs position;, 
in the unit ceil can be determined from a knowledge of



T a b le ^ l

Patterson Sectors for the Space Group

S M m m L S m i i M m

1) X., y s s
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«2~ 4) * ,  | - 2 y ? 2s 

(3-4) £+2*, - 2 y I

Projection on (01
position weight



the equivalent positions of the space group* For 
instance,, the mothiodid© of T^aceioxy-T-H-yohimfeine 
crystallizes in the orthorhombic system with space 
group P2j2j,2£ o There are four equivalent positions 
in the space group and four molecules in th© unit colic 
This should give 16 heavy atom heavy atom interactions 
with four superimposeel at th© origin and the other 12 
distributed through the cell (Table 1 )• The symmetry 
elements present cause eight of these to coincide in 
pairs when viewed in projection*, thus giving four double» 
weight and four single-weight peaks* In the unique? 
area of the projection on (010) there ar© two double- 
and one single-weight peaks

I s 2 s ;  £ ~ 2 x ,9 £5  2 x , £ ~ 2 z 5

where x, and & are the fractional coordinates of the atofB 
in the unit cell*

1 «>40 DECONVOLUTION OF THE PATTERSON FUNCTION
Several methods are described in the literature 

for deconvoluting the Patterson function to derive the 
crystal structure* These are reviewed briefly by 
Lipson and Cochran (1957) and by KeLachlan (1957}>and 
very comprehensively by Buerger (1959) * These techniques 
are moat easily understood ae at t ©rapt s to recover the- 
f imclame at al eeh from the vector set by super imposing 
one vector ;o;vo os the ether bo that the origin of the



first map lies on a poak in the second, The coincidences
are marked and this gives & ”reduced vector set”? This
is illustrated for a .fundamental sot of points and a
vector set of points in figure 1*

If a single weight peak is ohosen as the origin for
superposition, and if the fundamental set contains a
centre @f symmetryP that set can foe recovered by a single
superposition* If the fundamental set is not centres--
symmetricP the”reduced vector set” contains the
fundamental set and its mirror image* The penalty
incurred for placing the origin of one vector map on an
wnw~£ol& multiple peak in the second is to recover the?
fundamental set and its congruent image repeated wnK
timea in different positions* However, successive
superpositions...will reveal a single solution if sufficient
single weight peaks are found*

This need for single xfeight peaks limits the
applicability of the method* A Patterson peak
representing a vector between like atoms will have a
half-width / 2 greater than that of the corresponding
atomic peak. If there are N resolved peaks in the

oFourier synthesis, the ST* Patterson peaks are unlikely 
to foo resolved in the same volume * In a structure er 
reasonable complexity with atoms of similar scattering 
power, the single weight peaks will foe among the cmallc'si
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'* Fundamental set*' canta/vcA^ a reacy atom .-.and 
the heavy atom interact -,cca cf the Sector set.??

Fundamental set

/ i •*

Vector set



"Fundamental setC!f containing a heavy atom?and 
the heavy atom interactions of the "vector set"

Fundamental set

Vector set

m

9
m o



in. th© map and may be lost in a background of vector 
densityo This lack of resolution causes a further 
difficulty when wo attempt to recover ike density function 
by superposition methods. if uo record only the sites 
where the two functions overlap when superposed? chance 
coincidences will produce -false atomic positions*
Mehaehlan suggests that the resolution of a superposition 
function can he improved if the vector density is summed 
os* multiplied at each point in the cell® This method 
does enhance the correct peaks but it does not eliminate 
"ghost" peaks caused by chance coincidences. ■ Buerger 
claims that the best resolution is obtained when the 
minimum value is recorded at €&#h point o' flue resulting 
minimum function has a value only when both functions 
have a positive value and- is serb elsewhere*!

One of th® simplest applications of th© method is 
in the solution of structures with space group-Pic Th© 
narabromobensoat© of bensil monoxim® will serve as ana-jLXdaajB&nc*

example» In a centre^ymmetsi© space group? vectors 
between atoms not related by the inversion centre are 
constrained to overlap in pairs to give peaks of weight
22k2j, at r.«=£*.* Atoms related by the eent© of ByB^etry

2give rise to vectors of weight at 2r.. <? Time its 
heavy atom-hoavy atom interaction pro clue ©a a- single 
weight peak, Oa.ee this has been identified, the elect re::?



density can be ?:e cove red in a single superposition.*
These conditions apply in ilia esse of the feesssil monoxide 
derivative,. Two copies were made of a sharpened* thros-- 
dimensional Fatter son raap,0 The origin of one map was 
placed on the centre of the Br~Br vector peak of the 
second? and the various sections were paired to maintain 
this displacement* A "minimum f'auction" ims derived 
fey tracing minimum contours where peaks in the two so&te- 
overlapped* The origin ©f coordinates in the "minimum 
function" was defined at the laid-point of the difiplacemon’ 
h&l£~way along the bromine-bromine vector*

1,5 . jsisyyii
The Patterson function is a very powerful tool 

in the- early stages of structure-• -analysis• It...can
fee used with both centered and non-centered structureo? 
for molecules with atoms of similar scattering power 
or for molecules with on© or more heavy atoms® Wtios 
combined with the heavy-atoia method9 it provides a very 
elegant means of circumventing the phase problem*:



Parf IX

The Structure of Xohimbia ©§

The Crystal Structure of the 
Metliiodide of 7-Aeeioxy^T-^--Yohimbine



2.X. I Iff EOBUOT X OH

Xohimbine is an indole alkaloid isolated from 
yohimheho bark and used as an apiirodisiac in veterinary 
medicine« The structure of yohimbine, I* was first 
established by chemical means. The final link, in the long 
chain of evidence leading to the complete structure was 
provided fey Swan (1950) 9 when he determined the position 
of the hydroxyl group* The work of Witkop (1949) ask 
others established the stereochemistry of the molecule 
This work is well documented in ttThe Alkaloids” (Ua.un'ko: 
vols* II and VII)*

The molecule is characterised by five asymmetric centres* 
Hydrogen atoms at 0(3), C(15) and 0(20) are in axial 
positions; those at 0(3) and €(15) are in the (s
configuration^ Bings B and E are trans fused c

Tine present structure analysis of the seviiicy-io/. 
of T-acetoxy*--*T-H-yohirafelne confirms both the gross

T



;;rbructu:::e and the sva^vonhaBiptyy af y^Iiiusbine itaelfb 
However., it'B importance lies :>.?•••. its connection 'alia, 
research os ced/laiive trans£ermat 1 ox?,s of indole eJ.kaia^de 
fey Sfe Finch and til* Taylor of the 01BA Pkarmaeeirbloeb 

Company* By correlating the results of this X-ray 
analysis with their own optical rotatory dispersion data- 
Finch and Taylor h a w  been able to draw some fairly 
definite conclusions a,bout the mechanisms of certain, 
reactions of indole alkaloids$ and to establish the 
stereochemistry of several alkaloids of this class<>

2*2* OXIDATIVE TRANSFORMATIONS OF YOHIMBINS AND RELATED•9-4~~r?*Tt~r-~l-+.-rr-*r-?r«-1—-f— ‘■jw«~¥~WBrgg'l'jgacJnaggSggaBTar̂ ĝ -̂T̂ --?-:--'- T —:r— r. -T.-r rr. r.-.-r !

MiKALOIBS
In 1962« Finch and Taylor reported that yohimbine id. 

alkaloids with trana—fused BE ring systems could foe 
converted to their oxindol© equivalents by methanolysis •* 
of the 7“Chloro derivatives (II) to give the imino-Qsier 
(XXX )» When the ester is refluxed with aqueous acetic 
acids the reaction product is a mixture of oxihdoles A 
and B (IV)* ' €4

oxindole A oxindole B



When this series of reactions was attempted using an 
alkaloid with pis- fused Hi rings, the results were markedly 
different.» Instead of a !>Ch!50 mixture of epimers of 
the ehloro'-derivative 9 there was a marked preponcleranee 
of the Cl*»axial epimer* This resulted in a reduction 
from 40fo to 4^ in the yield of the methanolysis product,: 
the imino~ester* Thus the method is of practical u£ility 
in synthesising only those oxindole alkaloids that have 
trans BE stereochemistry* (Finch and Taylor? 1962a? 1952b.;-

A later paper (Finch et al.j 1963) explored the 
XYreactions of Pb salts of carboxylic acids with alkaloid?’; 

of the yohimbine type. In all cases.? the 'reactions of 
the parent alkaloid in methylene chloride with one molar 
equivalent of the lead salt yielded the corresponding aoyioxy- 
indolonine {¥)«. when treated with acetic acid?- the 
in&oXenines eliminated the acyloxy residue to give the 
dekydro-compound (¥1 )<> However? if the indolonines are 
refluxed with methanol and a few drops of acetic aei&; those 
with trans~fused BE ring' systems do not react but those 
with cis^fused systems rearrange to give the eorrespooling 
oxindole (IV).
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Qxindole B is the major product of the rearrangement 
regardless of the stereochemistry at 0(3). £he reaction 
mechanism proposed depends on the protonation of the 
indolenlne nitrogen and rearrangement of the resulting 
earbonium ion with neighbouring-group parti expat ion by 
the acetosy moiety. This mechanism would explain why 
trana^fusod systems do not r s a m n g e  under the conditions 
of the reaction. fhe bridge-head nitrogen is more basic 
than the indolenine nitrogen, therefore protonation cannot 
occur at the latter site. However., in acyl ©sty ipdolenins'; 
with %cio BE stereo chemistry there is a fairly large l?3 • 
di&uia,l interaction with the lone pair of the bridge-* 
head nitrogen* This decreases the basicity of this 
nitrogezd relative to the indoloninG nit.rogen ana allows 

•■'•rn'vii:: - '■! its . t s i  t? ■ IXtnAeh oi oJ..-. ., Avila



At this stage„ it was uncertain, whether the Pfe(OAc 
group is displaced with retention or inversion of 
configuration in the formation of the indolenine# On 
the basis of chemical evidence, it was not possible to 
determine whether the rearrangement at C(3) occurs 
before or after the formation of the oxindole. It was 
hoped that a detailed knowledge of the stereochemistry 
of at least one of the acyloxy indolenines would be helpful 
in interpreting these reactions# The compound chosen 
for X—ray analysis was the acetoxy—indoleniue of yohimbine *

2,2.1* X-BAX ANALYSIS OF 7-ACET<

meihiodide of ?-&eetoxy-7-H-yohimbine was 
prepared by Dr. Taylor and his colleagues by dissolving 
T-acetoxy-T^-yohimbine in methyl iodide and recryotoJ. 1%aing 
the resulting salt from methanol» This gave colourless, 
well-formed needles, suitable for X-ray crystallography.* 
ra#p0 223-227°G* The crystal structure ©f the methiodide 
was determined by the heavy atom method. Approximate 
locations of all'light atoms s other than hydrogen;, we re- 
found from a series of three-dimensional electro®. *=*



F:lyr.re 2

Stereochemistry of the Hothiodide of ?'--Aoetovo: 
7-H- Yohimbine«»



density syntheses* of positional and thermal
-•> & o*.

parameters by the roetho&Ale&8t sqy.ares gav© a final 
lvalue of 2.4 *60^ over .'1.059 in&epeadextt reflections* 

Molecular dimensions sre given in eub-section 2*4 
aftGje* a description of the experimental trork* flie 
sioreooheMstry of the motkiodid© of T-aeetosy-T«&■" 
yohimbine is shown in Figure 2# Tao molecule has a 
trang-ftised B1 ring system, rfho hydrogen at 0(3) is 
in the a position a-s is the acetasy group at C(?), ‘fbis 
corresponds to the structural formula ¥11 for the aocto^y 
indoloEiine tentatively proposed by N* Finch at the 
X^U^PeAoC* Symposium on the Chemistry of NaturalProclwats 
Prague r 1962*

0^6<

T2X

aeei-oxy indolcsino of yohimbine



2*2.2* (MRHBLATION OP X-BftS BSSULT8 WITH O.RoBo BATA
Optical rotatory dispersion curves are available 

for T^acotoxy-T-H'.yohimbine., Til? two ©piraeric 7-chloro~>
7"«ll<-»yohii&ba3ise VIII ? methyl-7^hydroxy~741^»reserp&t© „ XX? 
and ths aeetoxy indolenines of pseudoyohimbines X„ and 
araein©5 XX* The formula of theso compounds are shown 
in Figure 3? their O.B.B* curves are shown in .Figures 
4 and 5, fhes© curves have been d r a m  from diagrams 
published fey Finch et al- (X965)«

The optical rotatory dispersion curves of the two 
chloro«yohimfeans bear a mirror image relationship to one 
another (Figure 4)* This indicates that the 0(7/ 
substituent makes the largest contribution to the Cotton 
effect* The two curves have nearly identical amplitude 
but opposite sign because the OB ring fusion constrains 
the 0(?)~0(8) bond to be equatorial or p semi© ̂ equatorial 
in the two epimers. This means that the substituent 
at 0(7) is either axial or pseudo^axial and will have a 
large interaction with the chromophore group in either the 
ot or tho P configuration. Any contribution to the 
dispersion curve from th© hydrogen at C(3) would be expected
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The dispersion cux-vOF3 of the yohimbine and aricine 
derivative« (Figure •>) have the says sign and similar
shape in spite of different configurations at the BB
ring junction* On the assumption that the 0(?} 
contribution dominates the dispersion curve„ the a 
configuration i?as assigned to the &G©toxy group in the 
aricine derivative, The curves of the other two compounds 
have the sign expected of indolenines with a C(?) substitusrv 
in the P position, (Finch ©i alo P 1965)»

These results throw some light on the mechanism of 
the reactions of lead salts of e&rboxylie acids to giro 
aeyloxy indoienia©s0 The configuration of the Q\7; 
substituent ©an he predieted if the position of the
hydrogen at 0(3) is known* If that hydrogen has a.n a
configuration* the 0(7) substituent will do likewise - 
This o b s e m t i o a  is compatible with the reaction msehanisa 
proposed in an earlier paper (Finch efc 4b* I9&3)"
.&! though the si©reocherniatry of this reaction is bot: 
established* there is still no information about the 
subsec^i’G&t rearrangement of the indolenines to oriadolox,
The fact that the observed product is the one erpeoted 
to bs most stable in the reaction mixture would sees to 
support the thesis that opimerization at C(3) occur*? aftc-u 
?;earrs.n^emsBt..



2,3* W M M k ^ M h

The sampl© provided by Br, Taylor consisted of 
small white needle-like crystals that showed sharp 
extinction along the needle direction, Rotation9
¥eissenberg and precession photographs were taken with 
the crystal mounted so that the needle axis was 
perpendicular to the X-ray beam. These photographs 
were used to determine cell dimensions and space group,

2*3,L  CgXSTAL BATA 
Formula

System
Lattice constants

Absent Spectra

Space Group 

Volume
Density (obs*)
Mo1e cules/cell
Density(calc) 
F(GQO)

24 31 2 5
orthorhombic

o
a - 13°16 A
b * 26°82 A 
c « 7°33 1 
hOO with h as 2n + 1
OkO with k = 2n + 1
00$ with $ — 2a 1

P2i2i2i
2587 P
I°44 gm,/ce 
4
1e42 gm&/c,€»
1128

Paw, 554-43 gm

(■A ( Oult-.G | 110 cm



2«3,2 o
The Ok# gone was photographed by the precession 

method* • Since the qrys t al~*io~£i Xm distance is criticel 
in this method (Buerger,* 1944)r only one film caa bo 
placed in the casette at* a time, A timed series of 
sis photographs was taken using a stabilised power supply* 
Exposure times ranged from 11 minutes to 45 hours* Mo Ka 
radiation was used,. The precession angle was set at 
30°« Loreata-polarisation corrections were applied to 
these data 'by means of a template * (Buerger I960 P p 185 i *

nets hkO to hk5 were collected using an @qui«*inciinatioD?
Woissent®rg camera and multiple film packs (Eobertson..- 
1943)* The intensities of these reflections were estimated 
visually by comparison with a calibrated intensity scale *
Tho film factor between successive photographs of a series 
was 3*3 for the se.ro layer. This was modified for upper 
layers to allow for the increase in path length through 
the film with increasing inclination angle (Bcssm&HB* 1956),- 
Those data were collected with @uK& radiation* They 
were corrected for Lorents and polarisation factors 
according to the formula

BefXeetion data for tko six■reciprocal lattice

2(fekAj - ' sin 2S
1 t co-s“2 iI



The form of the Lorenis factor shown here applies oaiy
to zero layer photographs? of rotating crystals*
upper layers,') this must be modified by a factor l/B«; where

* P o X3) « ,(cosafA - cos 8) 3 / sia 8
the rotation factor defined by Tmmell (1939) for the
equi-inclination case. The symbols p. and 8 are the
cqui^inclination angle and the Bragg angle9 respectively.-,
Mo absorption corrections were applied*

The structure amplitudes? i E I * were g iv e n

the same relative scale fey comparison of axial reflect ion;-’
from Xfeissenberg photographs with common reflections
from precession photographs of the Ok A zone«

2*3*3,, AHALISTB Og THE STRUCT USB
a rPatterson coefficients* w I '% wore modified by a

-tabulated function of sin"w 
and used to compute sharpened 
Patterson projections, P(W.I 

"tlU0k form of the

e

modification function is shown 
in the figure on the left,.

The jP-tC vectors were easily fec6gaiBed‘'iii 'the Pavterson 
maps, Fractional coordinates of the iodide- ion worst;

a ~ 0° 1772® y - 0SI026S ss ^ €



Structure factors were calculated with phases determined 
by the heavy atom alone,, These were placed on absolute 
doale by comparison of the sums of the observed and 
calculated structure amplitudes*

kE|Fj - 2 lFo l

The B’-v&luQ; SA/fejF^}, was 37$

The iodide ion is very n heavy” in comparison with 
the light atoms in the structure* Using Sim? a (1937) 
method* it is possible to predict how well the phase 
of the heavy atom approximates to the true phase* Si® 
has calculated the fractions H(«)3 of structure factors 
whose phase is within of the phase of the heavy atom 
for various values of’ r, where s? is defined by

JL
r » (Sf2g/ S « \ ) a 

In generalp the probable phase-angle error decreases 
as r increases* For this compound0 the value of r 
is 1*46* Interpolation on Sim" a graph shows that only 
about 20$ of the structure' factors will have phase errors 
greater than v 33° in a calculation based on the posit3.cn 
of the heavy atom alone* This estimate is probably a 
pessimistic on©., as it is strictly valid only for space 
group F I T h e  space group P2j 2.̂ 2̂  lias three cent?osymmat 
projections* About S8fc of the data from these zone 3 car. 
fee expected to have the correct sign* Since nearly all



of the data were caar;idore& to ho reliably phased by
the heavy atom, only those plavjea with v©ry small values
^Qfcs ” wero excluded from the .first Fourier calculation^
The resulting raa,p revealed the positions of all of the
atoms in the skeleton of the molecule« When these
wore included in the next structured acior calculation
with scattering’factors appropriate to carbon atoms,
the E-value dropped to 29°0 j„ After the second Fourier
synthesis all 31 light atoms* excluding hydrogen* had
been located and identified*. They were included in the
next cycle of Fourier refinement with scattering curves
corresponding to their ekesteal types*

After a third cycle9 the coordinates were corrected
for termination of series errors by a modification of
Booth3® (1946, 1947) method* This involves calculating
two Fourier syntheses with the same coordinates- 01?served
structure amplitudes are used as coefficients in one map -
and calculated structure amplitudes for the other* if
a peak appears at a position* r * in the penult innate

.“3Fourier map* it should appear in the same positron m  an
W map calculated from those coordinates* Termination of c
series errors cause these two sets of coordinates to

the position of this atom in the final Fourier map, ito 
eoa/root position is given ^  ro. •-» &

differ by *£3 ^, ■■■ ag S’o;c -she J-• Vifco atom* I'j: ro



If atom peaks appear at different heights in the I*
and F syntheses* the tempora.tu.re factor is in error by c
an amount that can bo estimated from the difference in 
peak height* In the two maps calculated hero* peaks 
in the F^ synthesis were systematically lower than those 
in the P^ synthesis* indicating that the temperature factorC
a « 2 " 5 had been im&ere*sbimatod. #he& ot was increased

CJJ

from 2*8 to 3*0 (B ss 4*94 A -), structure factors calculated 
with corrected coordinates showed an B-valuo of 2\f*~

2.3.4* ggPIMEMIijHT Og_ Tlg,,,gTmJGTDBl
The computer program used for least—squares 

refinement on BB0OE was written by J.S. Eolleit and is 
do scribed elsewhere. (EoXXett* 1961)* The program usos 
a three by three matrix for the atomic positions aiufi a 
six by six matrix for the atomic vibrations. Xn order 
to prevent overflow of the least-squares totals* it was 
necessary to reduce the scale of the scattering curve® 
ap.d :4? the structure* amplitude® to 1/3,0 of the normal
v ?,;iuc, The weighting scheme used gives maximum value
to the f!s v s m g 0 i3 structure amplitude s

i* l?0 I < F :} /w « F0/F» o
|F0 I > V* At « F*/F0 ,

who re Fi:* ** § f *a.in « 4° 64 »



There is no facility for isotropic refinement in 
this program. Anisotropic- temperature parameters are 
defined by the equation

, „ . 2 S / ,2, 0 (b„h2 + -i- b,, ** + b,Jxtsexp (-B'sm & / a ) ~ 2 ' IX 22 33 i.2
bg-jk 4 + ^h I) *

After each cycle the terms from the diagonal, of the 
vibration matrix were used to calculate the thermal 
parameters parallel to each of the principal axes using 
the following formulae;-

Bit ~ bn ^ 10,4427 *
- „2 . ̂ol?®X * 4BJ.j/a'

{BoXXett, 1961? Eosssaan, Jacobson* Hirshfeld ana Lipscomb• 
19^9? Cruickshank* 1956).-,
The components of Bg in the three axial directions were 
averaged to give an isotropic temperature factor for each 
atom, These individual temperature factors were averaged 
over all members of each chemical type. After two syeltt® 
of least squares., the E-value was 19*9$* The average 
Bg values for the different chemical types were

I ^ 4°79 I2 C « 44153 A2 H « 3°74 A2 '6 ^ 3*49 A2 
Ho further calculations were done os DEUCE. The paramofe:
obtained from the second cycle were used when refinement
was continued os KBF9 eight months later



When the Glasgow 8FL8 program became available * two 
rounds of isotropic least squares were calculated with unit 
weights» The R—value was 17"S$„ Gruiekshank5 s (1961) 
weighting scheme lias been recommended tor film data, and 
seemed appropriate for this case. It has the form

W a 1/ (Pj «- If I b 'p2^|2 * l^l^l

The initial values given to these parameters were as follows: 
p., = 1? p2 * 8-9 x 3,0"'3 g, = 9°9 x 10"5

After a further three cycles of isotropic biock~diagon&3.
least squares,9 the Revalue was 15°4$ but the weighting
analysis showed that some adjustment in the weighting
parameters was required. One more cycle with the constants

-2in the weighting function changed to 8 $ 1°04 x 10 ana
r „ - A1°34 x 10^", respectively improved the weighting analysis 

but had little effect on the Revalue Reflection data 
for the short and median axes were sorted from the full,’ 
sealed* three-dimensional data that had been used for the 
least-squares refinement. These data were used in a 
"minimum residual" refinement by the method of Bkuiya and 
Stanley (1963). Three cycles of refinement reduced the 
Revalue in the short-axis projection from 19°5 to 17°5$**
A single refinement cyc^l# in the median —axis projection 
produced an improvement of about Vfo to give a final Revalue 
of 3.7e 9$ • When the new positions were used for a three



dimensional &t?uoiure~£acto r calculation* the B«~v&3Lue 
was 169 ̂  hut this dxoppcclto 14*6$ after three further 
cycles of hlook-di.ago0.aX least squares. Befinoiaent 
was terminated at this point. Unobserved reflections 
were not include& in the analysiso

2.4,

isotropic tempo ratur© factor for light atoms other than 
hydrogen* The coordinates and anisotropic thermal 
parameters of the iodide ion are listed separately a'.- 
the foot of the table * In all cases* the coordinates 
are expressed as fractions of the erystaXXograpkic evocv 
Their estimated standard deviations have foe ©a cod.oulat v'-l 
f r o t h e  least squares residuals and are shown in para^Ahc uv- 
to the 3£im& number of places of decimal as the 
with. which they are associated. Both the eoordinaioc ani 
their standard deviations are listed with one figure hlvt is 
not significant to permit derived quantities to he esieulav?^ 
without lose of accuracy. .

The isotropic temperature factor used hero is the 
moan square vibration amplitude* U^ * where

aj;id 1? is the Bebye factor. Both U and B have the tmits 
of A'-’o Anisotropic vibrational parameters arc c.oiinod 
by the equation

Table 2 shows the final atomic coordinates and the



■•39

oxp <-B sin2 @/X2 ) = exp 2tt2 (0u h2a*2 * «22k2b*2 -!•
+ 2012ia£a*b* + 2V2-k&h*c* + 2U1;Jhla*c*)

Bond lengths and angles with their estimated 
standard deviations are listed in Tables 3 and 4, respectively* 
Figure 6 is a schematic diagram showing bond lengths and 
the numbering need in the Tables* From Table 3, it can
be seen that the average standard deviation of bond lengths

o
in this structure is 0*05 to 0*06 A* la the foenson© ring,

o
the average earbon*»ea?bon bond length is 1* 39 A» The

)•«<#( sp^) single bonds in the CBS ring system have aa
o

average length of 1*53 A as do the (HspgJ-CCspj) bonds
at the junction of that ring system with the indolenine
moietyv Those lengths do not differ significantly from the

© -
expected values of 1»397*&1»5^$ A, respectively quoted 
by Sutton et al» (1958)*

The earbom~nitr©geu bonds fall into three categories*
©

The CasH bond is 1*24*0‘’04 A long* not appreciably different
o

from the value of Xa27 A found in di.methyX«-glyoxiiae© The
o

C(qp2 )~N bond length of 1*36*0° 05 A is in agreement with 
the value of 1*371 A reported in para-aftroanaline (Trueblood*

d
Coldish and Bonohue* 1961)9 la38 A in 2~cliloro«4~*uitr© - 
as&line (McFhall and Sim*, 1963b  1 '39 and X»40ft in ibogain 
hydrobromido (Aral■> Coppola and Jeffrey5 I960)* The value 
of 10 944 for the averafto &{®P*x }*•& bond length is seK0m&i>* #5
longer*.* ttinn 'I’ho (7‘Awon by Sutton et &X * font ths J.



bonds of this type are frequently reported in alkaloids :<
In the structure of echitamine {Hamilton. Kamos*, Robertson 
and Sim*, 1962) tfcoro aye throe bonds of this typo vith

o o
a length of .1*54 A and a fourth with a length of 1*56 A-
After comparing the results of several analyses of different

©
allsaloids5 these authors suggest that 1*52 A is perhaps 
a bettor estimate of the length ©f such a bond*

Positional standard deviations and thermal parameters 
are greater for atoms in the side chains of this mo loon 3.$ •
*he hQwl lengths show broad agrcement with the evpeeief vo 
She earbon-OKygen single 'bond lengths can be placed in two 
groups? those adjacent t© a carbonyl group are shorter t.tar 
those removed from the carbonyl* Average lengths are

o
Is33 and 1*44 A respectively*

The equation of the weighted mean plane through the
hQ2mono Ting is?

O M 9 %  *0* 1207I -0*99252 * 0*1275
lac!?, etoi'i was given a weight inversely proportional to th«
estimated variance of the atomic position* Boviatioua iaaa
tfci s '’best "plane are shown diagr&maticmlly in Figure V 3 a«e 

® *?nnitrs are A ss 10 * fhe only atom 1st the indolenine swiety 
that deviates significantly from the plane through the bemw**

is 0 (7 )., fhio is not a surprising result siv-;e
re sonance inbevaetiuw. between the benzene ring c m  v.ie 
ckmble ?>oad would be&d to keep the 0-=£T group in tho plaue



of the hensene ring. €\7) m m M  bo e&pected to deviate 
frosa this plans bsoauso it is fully substituted and 
cannot take paFt in resonance late ractions *

o
Xntermo 1 q cul ar contacts unde? 3*6 A are listed in

Table . 5 and are shotm in the packing diagram (Figure 8).
For clarity9 these have boost divided into two groups and
are shown ao contacts from molecules 2 and 2 •? i*eo'
molecule whose coordinates are given in Table 2., and the
same molecule in the next cell i& the positive s-directire,;
The only contact of particular interest :1s that betveor-s
W{2$) and 0(30). This is a hydrogen bond of. the --T
type botveea the hydressyl group at 0(1?) and the ia&olsniu:!
aitr© gen of a syiJM®try-*s?elatod molecule. The Ch.

© ,

distance (2~9CM;0e©3 A) is more reliable than many of the 
bond distances in the structure. fh© €-0.. »$ angle 
is X©3=8*1°7°*

Table 6 and Figure 9 show* the environment of the'iodide 
ioau. The ion has more than a do sen- contacts closer than 
the quaternary nitrogen with which it is formally associated 
The B%\ *• c t'~ contacts are quit© long and some of the contact 
laetwoen the iodide ion sad the atoms of the scetosry group 
seem quite shortc

The iodide ion is almost midway between the gust^:?sd:q 
nitrogen of one molecule ami that of the same molecule 
iu tko next cell in the negative &~&£roe ti o&* The XT' ; t



distances are 4*59 or- 1 4 ‘6"3 A :•:•(.> up©otively« i?owo%~e ??,- the
xodido ion cloes not lie on a direct line between the two 
nitrogens but la displaced tow&rdn f-Jio acet-oxy group* Ito 
closest contacts are with 0%23'h 0(24) and 0(31) of that 
groups Bxp©oied *vaa &er vfaala separations are shown in 
t&« tahlo- T h ® m  wore- e&Xouiatod in the following way ? 
Pauling11 s figure3 .for the ionic radius of iodide (2°16 A}-

O . O

oxygon (l"40 A)- and a methyl group (2°00 A)r predict a
o

minimum separation of 4*13 A foatween iodid© and **(24}.-- /rA.
r>

3°66 A between the ion and 0(31)® £h© van imr AaAA:: ryAier
of a carbon with no hydrogen would probably bo about a&li

o
tke later-layer spacing in graphite9 or Xa7© A* xbmi 

0(23) would not be enpeeted to be closer than about 3^46 A- 
Several of the observed contacts are very near the expcofo-A, 
was den Waal a distances* fh© contact with 0(24) is Tory 
sho.rt* I»> view of the high standard deviation in the 
experiment and the uncertainties in the v&a der Waals di stance r* 
vox-y' little significance can fee placed on any individual 
observation*

+*•+Both the long M ‘«* *X'~ distances and the short ooutar*>.•:.• 
foe two gd. iodide and carbon and iodide and oxygen esera to foe 
observed frequently in compounds of this type.o Silvers 
ussd (1963) report .¥4\ o o5T distances of 4-'6 art

A ?,:u akHar^iAine | and in earac*irino*»XX disyyt4ie4:r.e,(' : 
I-fe??hcA.:i (i960) reports four distances between 4"42 a-.'-.A -A. A  1 •



Short contact s of iodide with carbon and oxygen have bee a 
observed by Frsyhylaka (1961 a5 1961 b) ? JeXIinek (1957)? 
McFhnil » Eobertson and Sim, (1963 ) and others# fhis is 
probably a sieric effect# It is possible that with aa 
ion the size of an iodide ion* packing consideration and 
Tan dor Wa&is forces play a greater role in determining 
the enTiroBiaoat of the ion than do forces of Conlosbie 
attraction*
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figure 6

Bond lengths tn the MetModide of 7-Aoetoxy«
Y -H- Yohimbine*



Methlo&i&e of 7«Acetoxy-7~H~Yohiitebin@: Melghted Mean Plane,

Deviations from the plane through the hensene 
ring are shown in units of angstroms x 10**. 
The equation of the plan© iss
0,0193 X + 0,120? Y -0,9925 Z - 0.1275 -
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I'lethiodMe of 7~Aeeto:Ky«7"H^Yohimbine;
Intramolecular Kf©n-bonde& Distances (A)
Contacts are between the molecule in equivalent position 1 and a molecule, related to it by the 
symmetry operation indicated by the equivalent poition number. The three numbers in brackets refer to the 
unit cell translations. The equivalent positions are given.

» **£||« **y'% t/S'f’Z
5* l/S-Sr3tjp t/2-y* -S
¥. -x* l/2*y* l/2-z 

Contacts from equivalent position !, cell (0*0*0 )
cell@»p»

0(10) C(11) 2c m ) 0(27) 2
m25) 0 (30) 3
0 (28) 0(19) 3

Contacts from equivalent

0) 3.39 A
3 A o

0,0,0 ) S.90
**0,0) 3.58
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The methi
H K L » Fo|

2 27 0 10.3 13.8
2 28 0 1 1 .2 9 .0
2 30 0 1 0 .0 11.9
2 31 0 1 8 .2 1 6 .8
2 33 0 7 .9 10.5
3 1 0 7 1 .3 75 .6
3 2 0 124.6 145.9
3 3 0 2 5 .6 33-1
3 4 0 113.1 150.3
3 5 0 8 3 .6 1 1 0 .4
3 6 0 5 4 .6 54.5
3 7 0 2 1 .8 2 8 .8
3 8 0 7 5 .2 7 5 .8
3 9 0 7 0 .6 7 5 .7
3 10 0 5 1 .4 4 2 .0
3 11 0 4 8 .2 4 7 .9
3 12 0 115 .1 1 4 9 .0
3 14 0 1 8 .2 19.3
3 15 0 5 0 .1 4 8 .8
3 16 0 58.4 6 0 .0
3 18 0 5 0 .0 6 3 .6
3 19 0 4 l .2 38.3
3 20 0 2 2 .8 2 6 .7
3 21 0 3 3 .8 29 .6
3 22 0 7 1 .9 57-3
3 23 0 9 .6 7.1
3 24 0 1 3 .6 8 .4
3 25 0 12 .1 11.7
3 2  6 0 2 1 .0 2 8 .4
3 28 0 8 .7 9 .5
3 29 0 10.5 12.4
3 30 0 7 -7 1 1 .2
3 32 0 9 .8 9 .0i 0 0 2 2 .6 1 6 .8
4 1 0 1 6 2 .2 163.7
4 2 0 4 1 .8 55-0
4 3 0 1 0 0 .0 1 1 9 .8
4 4 0 1 0 .3 11.7
4 5 0 2 2 .2 1 8 .2
4 6 0 58.7 4 4 .9
4 7 0 87-9 96 .3
4 8 0 118.4 1 1 8 .9
4 9 0 17.8 8 .5
4 10 0 3 6 .9 3 9 .2
4 11 0 49.7 6 3 .5
4 12 0 2 5 .5 23-3
4 0 4 2 .8 5 3 .7
4 14 0 1 9 .0 1 6 .3
4 15 0 2 1 .5 14 .9
4 16 0 4 2 .8 3 3 .4
4 17 0 5 6 .0 6 0 .9
4 19 0 29.1 2 7 .8
4 20 0 48.3 2 6 .8
4 21 0 6 2 .2 5 6 .9
4 22 0 6 .8 12.9
4 23 0 1 2 .2 1 5 .8
4 24 0 1 9 .2 16 .5
4 27 0 2 8 .8 3 0 .1
4 28 0 1 2 .0 1 3 .8
5 1 0 6 0 .8 6  2 .4
5 2 0 124.6 127.0
5 3 0 6 9 .5 7 6 .9
5 4 0 5 4 .9 5 8 .8
5 5 0 3 1 .0 3 9 .9
5 6 0 105.4 1 0 0 .0
5 7 0 5 3 .0 3 3 .4
5 8 0 i 4 .5 1 7 .8
5 9 0 1 2 2 .9 1 0 0 .3
5 10 0 3 1 .6 3 ° .?
5 1 i 0 35.6 4 7 .4
5 12 0 7 9 .2 8 9 .4
5 13 0 1 5 .4 19.5
5 14 0 41.6 42 .3
5 15 0 54.4 3 9 .8
5 16 0 3 9 .8 33-5
5 17 0 3 6 .6 24.7
5 18 0 6 6 .6 3 6 .9
5 19 0 48.2 30 .7
5 21 0 19-1 16.7
5 22 0 4o. 1 2 8 .9
5 23 0 10.7 10.5
5 26 0 42.1 29.3
5 28 0 1 3 .0 12.5
5 29 0 1 0 .8 7 .6
6 0 0 74.3 5 1 .0
6 1 0 29.1 15.1
6 2 0 1 8 . 1 3 0 .7
6 4 0 111.5 1 2 5 .9
6 6 0 102.9 104.2
6 7 0 93-9 99 .9
6 8 0 3 2.9 29 .7
6 9 0 1 6 .2 21.5
6 10 0 7 0 .7 6 5 .9
6 11 0 32-1 35 .2
6 13 0 2 2 .2 19.5
6 14 0 4 3 .8 50.3
6 15 0 21.7 2 6 .2
6 16 0 15.7 19.2
6 17 0 2 0 .3 21.7
6 18 0 6 8 .5 57 .5
6 19 0 27.1 2 1 .5
6 20 0 3 9.8 35 .8
6 24 0 16.5 1 9 -8
6 25 0 18.1 9 .3
6 27 0 10.5 1 0 .0
6 29 0 10.1 1 3 .^

Tab ! o
O C I 1  'r l c '  0  f 7

H K L jP cJ 1 F c |

6 30
1

0 1 6 . 0 11 . 9
7 0 8 3 . 2 99. 6
7 2 0 0 . 8 9 -7 '
7 3 0 3 8 . 5 4 3 , 7
7 4 0 2 9 . 6 2 6 . 3
7 5 0 68. 5 71. 6
7 7 0 4 9 . 4 51. 4
7 8 0 5 6 . 4 6 3 . 9
7 9 0 8 3 . 3 73. 1
7 10 0 2 9 . 1 . 22. 6
7 11 0 42. 8 45. 4
7 12 0 1 6 . 8 1 8 . 2
7 0 73- 1 6 0 . 9
7 14 0 22. 2 14. 6
7 15 0 5 2 . 9 47. 4
7 16 0 11. 6 8. 7
7 18 0 1 5 . 0 17. 1
7 19 0 3 9 . 8 42. 8
7 21 0 24. 0 22. 7
7 2? 0 2 6 . 7 2 8 . 3
7 24 0 1 6 . 0 21. 3
7 25 0 1 5 . 4 12. 9
8 0 0 5 3 . 4 56. 5
8 1 0 12. 1 2. 9
8 2 0 10. 9 8,.6
8 3 0 4o. 3 43. 4
8 4 0 4o. 7 43. 2
8 6 0 41. 7 48.,0
8 7 0 1 8 . 2 11. 9
8 8 0 4o. 9 34. 9
8 9 0 10.,6 7 .,7
8 10 0 5 0 . 2 48. 2
8 11 0 3 1 ..7 33. 6
8 12 0 22. 3 19.• 7
8 14 0 4 3 . 1 4 l . 9
8 15 0 9 . 4 8. 0
8 16 0 3 9 ..5 37.,9
8 17 0 21.,4 16 ..4
8 18 0 12. 2 8.,2
8 20 0 21.,3 15.,9
8 23 0 8..9 1 .,8
8 24 0 8.,6 1 2 .,2
8 25 0 8.,1 1 1.,1
8 26 0 1 7 ..1 15.,4
8 27 0 1 7 ..7 17.,9
8 28 0 12.,8 17.,7
8 29 0 7 ..8 8..8
9 1 0 4 3 .,5 47.,8
9 2 0 48.■ 9 49.,0
9 3 0 14,.9 1 8 ,.0
9 4 0 12..0 7.,4
9 5 0 44..6 43..4
9 6 0 40,.3 43..4
9 8 0 5 1 ..7 49.,9
9 9 0 20..0 1 6 ,.3
9 10 0 22..8 19..7
9
9

11
12

0
0 33:,4.9 31.

35.
, 1 
.6

9 13 0 2 7 ,.0 19.,6
9 15 0 4o..0 37..9
9 16 0 4o.. 1 40,,8
9 17 0 10,.7 10,.2
9 18 0 13 .5 11..1
9 19 0 14,.9 1 3 ,.8
9 20 0 13 .1 16,.2
9 21 0 11 . 1 8,.8
9 22 0 17 .5 1 6 ,• 7
9 23 0 10 .6 13,.8
9 25 0 16 .7 16 .2

10 0 0 17 .9 17,.3
10 1 C) 22 .5 25,.9
10 2 0 20 .0 20,.2
10 3 0 47 .0 45,.8
10 4 0 12 .8 13,.7
10 5 0 5 ,.4 7,■ 3
10 6 0 11 .2 7..9
10 7 0 23 .2 21,.8
10 8 0 10 .4 10 .6
10 9 0 21 .0 14,■ 9
10 H) 0 15 .0 11 ,.9
10 11 0 13 .5 15,.9
10 0 19 .2 16 ,.2
10 14 0 18 .0 15,.8
10 15 0 21 .4 20 .9
10 16 0 19 .0 ’ ?■.210 1I 0 23 .7 24 .4
10 l 6 0 11 .7 7 .9
10 21 0 12 .0 14 .5
10 23 0 9 .6 12 .3
11 1 0 9 .4 10,• 3
11 2 0 34 .2 35 .9
11 4 0 6 .7 8 .9
11 5 0 .0 ’ ? .0
11 6 0 34 .6 34 .8
11 7 0 21 .4 23 .4
11 8 0 34 .8 41 .9
11 9 0 19 .2 18 .3
11 12 0 26 . 1 23 . 8
11 14 0 11 .9 7 .1
11 16 0 11 .6 17 • 3
11 18 0 13 .8 14 .5
11 22 0 14 .3 15 .6
12 0 0 13 .6 15 .8
12 1 0 10 .7 13 .0
12 2 0 ’ ? .2 18 .5
12 3 0 34 .9 35 .2

rl  f Q b 0 x y - 7
H K L 1 Fo| | F c l

12 4 0 12. 2 13. C
12 5 0 9 6 2. 3
12 6 0 12 1 15. 3
12 7 0 27. 5 32. 2
12 11 0 18 7 18 . 3
12 12 0 10 3 14 5
12 13 0 22 9 20 6
12 14 0 11 3 8 6
12 17 0 18 3 2 0 . 7
12 20 0 8 9 8 1
12 22 0 8 4 9. 7
13 1 0 8 4 11 6
13 2 0 13 3 13 1
13 4 0 ’? 2 15 8
13 5 0 14 7 '5 3
13 9 12 8 16 2
13 10 9 9 5 9
13 12 15 2 18 3
13 1? 9 3 11 1
13 14 10 2 12 5
0 3 80 5 86 5
0 4 93 8 100 2
0 5 4o 4 65 6
0 6 92 6 96 9
0 7 57 6 61 2
0 8 91 9 99 7
0 9 66 6 60 9
0 10 31 1 21 2
0 11 132 0 132 9
0 12 94 7 116 8
0 41 2 48 0
0 14 16 6 17 3
0 15 31 7 29 2
0
0

16
17 a 6

6
51
43

9
6

0 18 28 6 34 1
0 21 35 5 32 8
0 22 21 1 24 2
0 2? 22 9 26 9
0 24 10 3 8 2
0 25 24 5 26 3
0 26 39 5 27 0
0 27 38 6 21 9
0 28 12 0 13 5
0 32 8 8 5 5
1 0 112 6 126 3
1 1 55 1 3° 6
1 2 80 7 83 0
1 3 181 6 177 5
1 4 143 9 135 9
1 5 54 2 51 t
1 6 123 6 100 5
1 7 146 6 130 1
1 8 56 4 65 7
1 9 71 1 82 1
1 10 80 9 80 4
1 11 67 9 78 4
1 12 71 7 77 1
1 13 29 0 39 3
1 14 55 3 55 9
1 15 45 9 38 5
1 16 53 9 46 2
1 17 59 3 60 3
1 18 34 0 33 8
1 19 37 7 27 3
1 20 17 0 18 2
1 21 51 5 6? 7
1 22 28 3 24 8
1 23 12 8 17 1
1 24 32 3 35 8
1 25 8 1 12 7
1 26 11 4 16 9
1 27 17 5 20 1
1 28 13 5 12 9
1 32 13 9 15 5
2 0 48 4 59 2
2 1 60 8 76 2
2 2 152 5 149 4
2 3 161 6 140 3
2 4 172 5 146 0
2 5 85 8 102 0
2 6 91 6 97 9
2 7 60 3 57 4
2 8 41 8 48 7
2 9 7? 4 79 3
2 10 66 4 55 2
2 11 0 12 1
2 13 34 1 33 9
2 14 59 9 62 0
2 15 52 5 55 9
2 16 46 4 44 4
2 17 25 I 2§ 1
2 18 42 3 46 5
2 19 35 7 36 2
2 2 0 45 2 36 0
2 21 40 4 37 7
2 22 22 7 24 4
2 23 20 4 16 7
2 24 14 6 12 7
2 25 12 8 16 1
2 30 13 2 13 1
2 33 8 1 1 1 5
3 0 151 3 23<) 3
3 1 99 3 117 7
3 2 34 0 25 0
3 3 99 3 96 4

yohimbine
H K L |F o | |F c |

3 4 1 1 0 8 .9 117 2
3 5 1 9 6 .2 91 7
3
3

6
7 ! '\l:l111

20
5
8

3 8 1 57.4 55 5
3 9 1 5 2 .6 52 9
3 10 1 3 8 .5 52 7
3 11 1 6 6 .3 57 7
3 12 1 26 .1 21 0
3 '? 1 6 3 .4 56 6
3 14 1 7 5 .9 75 6
3 15 1 3 7 .8 48 1
3 16 1 44 .8 46 8
3 18 1 5 4 .0 45 4
3 19 1 35.3 4 i 4
3 20 1 19.5 23 2
3 23 1 2 9 .6 29 7
3 24 1 33 .2 32 9
3 2§ 1 21 .4 19 8
3 26 1 12.5 9 0
4 0 1 1 0 8 .5 131 4
4 1 1 8 8 .9 87 8
4 2 1 31 .3 32 1
4 3 1 2 5 .1 18 9
4 4 1 57.1 48 0
4 5 1 96.4 113 3
4 6 1 6 1 .0 60 5
4 7 1 4 3 .0 35 4
4 8 1 2 9 .5 30 1
4 9 1 1 2 5 .2 124 1
4 10 1 8 3 .8 75 2
4 11 1 6 1 .3 69 7
4 12 1 3 1 .0 35 4
4 13 1 3 6 .1 31 6
4 14 1 43.1 39 4
4 15 1 6 3 .3 77 7
4 16 1 5 1 .9 47 4
4 17 1 2 9 .5 29 7
4 18 1 2 6 .6 22 2
4 19 1 44.7 4 i 6
4 20 1 2 2 .4 29 5
4 21 1 14.4 17 6
4 2? 1 2 6 .5 25 8
4 24 1 2 0 .4 19 8
4 25 1 25.3 20 9
4 26 1 15.6 10 5
5 0 1 3 5 .2 41 9
5 1 1 6 1 .5 65 5
5 2 1 51.1 46 6
5 3 1 6 2 .9 76 8
5 4 1 7 5 .2 61 6
5 5 1 54.1 58 6
5 6 1 6 7 .4 69 8
5 7 1 3 9 .9 43 8
5 8 1 3 6 .8 41 2
5 9 1 53 .8 58 0
5 10 1 7 6 .6 86 0
5 11 1 6 5 .4 62 8
5 12 1 32 .9 25 6
5 13 1 24 .0 26 7
5 14 1 5 6 .8 51 6
5 15 1 58.7 63 5
5 16 1 48.2 46 1
5 17 1 27.3 25 1
5 18 1 2 8 .0 25 5
5 20 1 32-7 33 5
5 21 1 14.5 20 5
5 22 1 1 6 .3 14 4
5 2? 1 2 3 .0 14 2
5 24 1 12.7 12 5
5 25 1 2 2 .3 25 1
6 0 1 1 9 .5 18 2
6 1 1 5 6 .8 72 8
6 2 1 6 9 .5 74 3
6 3 1 5 7 .8 61 0
6 4 1 46 .0 45 7
6 5 1 2 0 .5 15 2
6 6 1 6 1 .0 60 0
6 7 1 6 2 .5 64 5
6 8 1 44.8 43 0
6 9 1 41.2 ?9 9
6 10 1 3 7 .7 40 2
6 11 1 3 6 .0 3 J5
6 12 1 5 6 .3 56 9
6 13 1 2 5 .4 22 0
6 14 1 14.4 18 6
6 15 1 48 .9 45 8
6 16 1 39-0 34 1
6 17 1 37-4 31 9
6 IS 1 3 0 .5 33 5
6 19 1 2 9 .3 23 8
6 20 1 1 6 .3 23 6
6 21 1 2 6 .5 21 6
6 22 1 24 .5 25 3
6 23 1 2 0 .2 16 4
7 0 1 2 1 .7 12 7
7 1 1 55-7 56 3
7 2 1 5 6 .0 63 2
7 3 1 56.5 63 6
7 4 1 3 1 .5 27 4
7 5 1 1 5 .6 15 8
7 6 1 55-2 46 7
7 7 1 6 7 .2 67 9
7 8 1 6 1 .4 53 8
7 9 1 1 2 .0 10 . 4
7 10 1 19.5 15 4

H K L 1 F°| |F c |

7 11 1 2 8 .6 2 7 .7
7 12 1 4 1 .5 41 .8
7 '? 1 5 1 .6 5 0 .7
7 14 1 19.0 14.0
7 16 1 15-7 1 8 .3
7 17 1 29.1 34 .1
7 18 1 2 6 .2 27-1
7 19 1 1 6 .3 15.5
7 20 1 10.3 9 .3
7 21 1 2 3 .0 22 .1
7 22 1 35.0 27.1
7 23 1 > § '7 13.3
7 27 1 2 8 .2 23-7
8 0 1 21 .2 2 3 .9
8 1 1 26.7 2 7 .3
8 2 1 61 .5 6 0 .1
8 3 1 4 6 .6 4 7 .7
8 4 1 39-5 3 3 .7
8 5 1 1 7 .0 2 0 .6
8 6 1 64.1 5 1 .4
8 7 1 3 1 .8 2 6 .0
8 8 1 49.5 48.6
8 9 1 2 3 .4 23-3
8 10 1 13.1 '2 -5
8 11 1 30.4 2 8 .7
8 12 1 5 6 .2 4 3 .6
8 13 1 37.3 4 1 .9
8 15 1 32-5 2 1 .5
8 16 1 31.1 3 2 .4
8 18 1 33.2 25 .7
8 22 1 2 2 .0 2 8 .7
8 27 1 2 2 .8 19.4
9 0 1 2 7 .2 2 6 .5
9 1 1 2 9 .0 2 7 .5
9 2 1 3 6 .8 35.2
9 3 1 34.6 3 0 .1
9 4 1 4i .7 3 9 .8
9 5 1 33.4 2 9 .0
9 6 1 35.5 3 5 .2
9 7 1 2 8 .8 2 6 .9
9 8 1 15.1 15.7
9 9 1 2 7 .8 2 8 .5

. 9 10 1 17.4 20.3
9 11 1 35.9 32 .4
9 12 1 3 0 .7 27.0
9 1? 1 3 2 .7 24.9
9 14 1 2 1 .4 17.3
9 15 1 23-5 2 5 .2
9 18 1 25.6 23 .7
9 19 1 2 2 .6 21 .7
9 20 1 14.0 14 .9
9 22 1 13.1 11.5
9 23 1 1 8 .6 1 3 .8
9 24 1 1 3 .3 12.7

10 0 1 24.9 23 .3
10 1 1 31.1 32 .9
10 2 1 15-3 12.1
10 3 1 19.3 18.3
10 4 1 17.3 18.9
10 5 1 51.4 42 .4
10 6 1 28.5 29.7
10 7 1 1 5 -8 1 3 .8
10 8 1 14.2 17.3
10 9 1 46.0 47 .7
10 10 1 1 8 .0 20.5
10 11 1 21.5 19.0
10 13 1 24.5 25.1
10 14 1 1 7 .3 14.5
10 15 1 24.4 23-3
10 17 1 15.9 11.1
10 18 1 19.6 19.9
10 19 1 19.2 21 .0
10 20 1 11.7 13.5
11 0 1 41.3 42 .9
11 1 1 1 0 .2 1 6 .9
11 2 1 16.1 9 .2
11 3 1 1 8 .0 1 5 .0
11 4 1 1 8 .0 14.0
11 5 1 2 1 .4 2 0 .6
11 6 1 29.5 32.1
11 7 1 16.3 17.7
11 8 1 21 .6 21 .0
11 9 1 2 9 .0 2 7 .2
11 10 1 29.0 2 2 .6
11 11 1 12.9 15.4
11 14 1 11.3 2 1 .0
11 15 1 2 0 .8 12.4
12 0 1 14.6 15.0
12 1 1 12.9 10.5
12 2 1 1 6 .3 15.8
12 3 1 14.6 14.2
12 4 1 1 8 .2 17.5
12 5 1 1 6 .3 1 2 .2
12 6 1 1 8 .2 24.4
12 8 1 18.1 18.7
12 10 1 I 6 .0 1 2 .0
12 11 1 17.7 16.1
13 0 1 15-9 16.3
13 1 1 14.2 1 6 .6
13 3 1 2 1 .0 21 .4
l4 1 1 13-2 9 .4
14 2 1 13.2 12.4
14 3 1 13.1 9 .4

0 4 2 54.2 2 3 .8
0 5 2 142.6 176.2
0 6 2 6 1 .8 46.1
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Th mot hi 0(1 id r > 01 ’ (-11- O n ' -7 --H-yohimblno c

H K L M 1 Fo| H K L | Fo | |F c | H K L l;o| fF c | H K L t Fo| |F c | H K L |Po|
0  7 2 12.5 8 .4 4 18 2 55.1 44.1 10 6 2 3 2 .9 4 7 .7 4 11 3 3 0 .6 3 0.3 1 11 4 1*2.0
0  8 2 5 7 .5 4 8 .9 4 19 2 17.1 15.9 10 7 2 1 9 .5 20.1 4 12 3 20.1 2 2 .5 113 4 2 3 .2
0 9 2 6 1 .6 6 6 .2 4 20 2 17.4 2 2 .2 10 8 2 2 2 .0 31-5 4 13 3 19.8 2 3 .4 114 4 1*3.2
0 10 2 28.2 15.0 4 21 2 19.7 2 1 .5 10 10 2 i4 .o li.I 4 if i 3 34.1 4 7 .9 1 10 4 27.3u 1 2 7 8 .4 7 4 .2 4 22 2 3 6 .0 4 2 .9 10 12 2 2 2 .3 32.4 4 15 3 3 1 .5 27.7 2 0 4 27-1
0 12 2 2 0 .0 15.3 5 0 2 50.2 5 2 .6 11 1 2 12.5 2 0 .9 4 16 3 3 4 .4 32 .3 2 4 3 0 .9
0  13 2 3 4 .3 17.5 5 1 2 6 4 .8 6 5 .9 11 3 2 27-9 3 8 .2 4 lS 3 2 0.3 27.7 2 2 4 27.3
0  14 2 4 5 .1 4 o .9 5 2 2 3 6 .0 3 6 .5 11 4 2 8 .8 1 6 .3 4 19 3 23.2 28.4 2 3 4 9 9 .5
0 15 2 6 8 .7 79.1 5 3 2 7 4 .2 85. 11 5 2 8 .9 11.9 14 20 3 2 3 .4 26 .4 2 t 4 fi7 -70 16 2 1 6 .8 13-0 5 4 2 95.6 77-9 11 6 2 8 .9 18 .1 5 0 3 3 0 .0 2 9 .2 2 5 4 21 .*»
0 18 2 2 6 .2 2 5 .7 5 5 2 3 8 .1 3 2 .8 11 7 2 1 5.4 2 4 .7 5 1 3 5 3.4 55.0 2 6 4 3 9 .00 19 2 4 3 .1 48.1 5 6 2 7 1 .0 58.6 0 1 3 185.5 1 1 0 .6 5 2 3 48. 1 4 2 .2 2 7 4 4 6 .6
0 20 2 1 3 .8 20.3 5 7 2 8 1 .8 6 8 .5 0 2 3 19.8 19.1 5 3 3 3 2 .9 2 6 .7 2 8 4 2 3 .3
0 21 2 2 5 .8 23.6 5 8 2 7 5 .4 59-6 0 3 3 144.9 148.7 5 4 3 37-5 33-3 2 4 3 1 .0
0 25 2 2 2 .9 2 6 .7 5 9 2 53.9 48 .8 1 ■0 3 55.2 6 5 .7 5 5 3 5 0 .8 50.4 2 10 4 29.1
1 0 2 1 9 2 .5 250.8 5 10 2 55-7 42 .8 0 4 3 4 8 .6 4 2 .0 5 6 3 2 7 .9 ’H 2 11 4 3**.fi
1 1 2 8 5 .2 8 0 .0 5 11 2 51.3 48.1 0 5 3 21. 1 6 .8 5 7 3 13.7 14,8 2 12 4 2 8 .7
1 2 2 9 6 .2 8 2 .8 5 12 2 18.3 17.3 0 6 3 66.1 51.1 5 8 3 33-g 4 2 .7 2 1? 4 3 7 .5
1 3 2 "9 7 .7 85 .2 5 13 2 49.1 42.1 0 7 3 89.7 9 8 .7 5 9 3 8 0 .6 7 1 .0 2 1$ 4 2 7 .8
1 4 2 1 1 1 .3 130.5 5 14 2 35-0 29 .3 0 8 3 4 l .0 33 .7 5 10 3 4 5 .6 4 9 .9 2 15 4 3 2 .2
1 5 2 59.3 5’ . 4 5 15 2 36.1 2 4 .8 0 9 3 6 2 .3 49.2 5 11 3 5 4 .3 4 9 .0 2 16 4 21 .0
1 6 2 6 3 .9 85.1 5 17 2 4 2 .9 38.1 0 10 3 12.0 10.2 5 12 3 6 2 .7 5 1 .5 2 17 4 8 7 .0
1 7 2 6 5 .0 7 8 .7 5 18 2 19-1 19.7 0 11 3 7 9 .2 70 .3 5 13 3 2 3 .3 2 3 .5 3 0 4 2 9 .3
1 8 2 3 6 .2 3 5.3 5 19 2 39.7 29 .3 0 12 3 1 6 .8 12.6 5 14 3 2 1 .3 2 7 .3 3 2 4 6**. 5
1 9 2 5 6 .0 3 8 .2 5 20 2 2 4 .9 22 .6 ■0 13 3 4 4 .3 4o. 5 5 15 3 4o. 9 4 9 .5 3 3 4
1 10 2 1 1 6 .6 1 1 7 .8 5 21 2 25-1 2 8 .0 0 14 3 1 6 .6 1 6 .5 5 16 3 35-3 3 7 .4 3 4 4 4 3 .8
1 11 2 7 9 .6 6 2 .1 5 2? 2 2 2 .0 20 .7 0 15 3 3 8 .4 41.1 6 0 3 1 0 .7 4.1 3 5 4 34-2
1 12 2 3 3-5 3 9 .0 5 24 2 19.3 17.2 0 16 3 2 7 .0 3 2 .9 6 1 3 12.7 2 9 .3 3 6 4 48.1
1 13 2 4 3 .2 53 .8 6 0 2 3 1 .1 32.1 0 17 3 5 8 .8 74.1 6 2 3 3 6.3 3 5 .0 3 7 4 2 9 .8
1 \i 2 8 2 .5 81 .3 6 1 2 8 1 .4 9 1 .2 0 18 3 1 5 .5 14.8 6 3 3 90.8 6 9 .8 3 8 4 7**.9
1 15 2 2 6 .2 15.7 6 2 2 5 7.0 6 6 .2 0 20 3 1 8 .3 2 0 .4 6 4 3 12.2 9 .3 3 11 4 2 5 .5
1 16 2 3 4 .6 3 1 .6 6 3 2 45.6 4 7 .7 0 21 3 4 9 .1 59.2 6 5 3 3 7.8 3 3 .5 ? 12 4 1*7.0
1 17 2 2 8 .5 2 9 .5 6 5 2 2 5 .4 2 5 .5 1 0 3 4 1 .4 6 5 .7 6 6 3 3 8 .6 3 0 .9 4 0 4 a fi.6
i 18 2 33-2 3 5 .4 6 5 2 7 6 .4 6 4 .2 1 1 3 29.3 4 i .0 6 7 3 55.2 5 7 .8 4 4 52.7
1 19 2 1 6 .8 1 6 .8 6 6 2 4 8 .0 48 .0 1 2 3 5 1.7 6 6 .2 6 8 3 19.1 1 8 .3 4 2 4 3 9 .8
1 20 2 4 6 .8 52.4 6 8 2 35.1 3 7 .4 1 3 3 4 5 .6 41.3 6 9 3 14.0 2 1 ,9 4 3 4 77.1
1 21 2 3 6 .3 3 1 .2 6 9 2 6 5 .5 6 3 .0 1 4 3 55-8 3 8 .2 6 10 3 3 7.6 3 8 .6 4 4 4 37.1
1 '23 2 14.6 15.6 ' 6 10 2 12.9 14.0 1 5 3 41 .3 3 9 .4 6 11 3 3 0 .8 3 4.4 4 6 4 2 8 .0
1 2k 2 2 0 .5 2 9 .5 6 11 2 4 2.5 3 9 .9 1 6 3 8 4 .7 7 9 .o 6 12 3 35> 3 3 1 .2 4 7 4 **6.1
1 25 2 2 0 .3 2 5.7 6 12 2 2 1 .5 2 4 .3 1 7 3 2 6 .3 30.4 6 13 3 2 8 .9 3 2.7 4 8 4 21.3
1 26 2 17.7 15.5 6 2 3 5-7 3 4 .6 1 8 3 7 0 -9 74 .3 6 14 3 2 6 .5 3 1 .5 4 9 4 17.7
2 0 2 50.7 4 5 .4 6 14 2 i f i . 4 9 -5 1 9 3 44.7 40 .0 6 15 3 2 8 .5 2 9 .2 4 11 4 53-3
2 1 2 6 8 .4 7 5 .5 6 15 2 4 2 .4 4o.2 1 10 3 34 .1 3 6 .9 6 16 3 16.4 1 9 .8 4 12 4 1*9.1
2 2 2 51 .2 6 6 .0 6 16 2 15.1 13.1 1 11 3 5 6.5 4 7 .8 6 17 3 3 2.9 41.1 4 13 4 20.2
2 3 2 6 9 .7 90.3 6 ’ I 2 13.6 7 .4 1 12 3 7 9 .4 7 2 .9 7 0 3 2 5 .1 2 8 .0 5 0 4 39.8
2 4 2 1 8 .2 2 1 .2 6 18 2 3 9.8 4 0 .4 1 3 3 3 .6 32 .9 7 1 3 21-3 19.5 5 4 2 8 .2
2 5 2 8 1 .0 91.1 6 19 2 34.1 3 4 .2 1 14 3 2 2 .4 31.3 7 2 3 8 3.7 73-3 5 2 4 8 0 .5
2 6 2 5 8 .1 47.9 6 21 2 14.0 1 0 .6 1 15 3 19.6 21 .2 7 3 3 35-7 3 3 .2 5 3 4 1*0 .8
2 7 2 3 1 .9 17.0 6 22 2 15-7 17.1 1 16 3 2 7 .2 41.9 7 4 3 3 2 .2 36 .5 5 4 4 1*6.6
2 8 2 6 9 .2 7 8 .1 6 23 2 17.2 2 1 .5 1 17 3 1 6 .8 16.3 7 5 3 9 .8 12.8 5 5 4 1*7.6
2 9 2 103.6 98 .6 6 25 2 1 6 .2 1 6 .0 1 18 3 3 2 .6 3 7 .8 7 6 3 4 6 .8 5 6 4 3 8 .9
2 10 2 48.1 4 7 .9 7 0 2 3 4 .5 6 2 .1 1 19 3 20.0 17.7 7 7 3 53-4 48.3 5 7 4 3 5 .fi
2 11 2 92 .1 8 1 .6 7 1 2 3 0.7 3 1 .6 1 20 3 1 8 .3 14.5 7 8 3 2 3.2 3 1 .9 5 8 4 5 1 .6
2 13 2 3 9.2 35 .3 7 2 2 2 4 .5 2 0 .5 1 22 3 1 8 .7 2 5 .9 7 9 3 13.2 5 9 4 2 6 .7
2 14 2 27-7 3 1 .0 7 3 2 17-1 17.3 2 0 3 1 3 3 .3 131.2 7 10 3 13.5 1 6 .6 5 10 4 27.5
2 15 2 7 8 .0 7 1 .9 7 4 2 5 0.9 6 5 .0 2 1 3 86.1 62 .2 7 11 3 13.7 1 3 .0 5 1 4 2 8 .3
2 16 2 4 0 .5 4 3 .7 7 5 2 17.5 1 9 .0 2 2 3 3 7 .3 45.7 7 12 3 4 3 .8 47.2 3 12 4 2 0.5
2 17 2 2 5 .6 1 5 .0 7 6 2 58.9 7 5 .8 2 3 3 6 5 .9 48.4 7 16 3 24.7 2 9 .0 6 0 4 1*9.8
2 18 2 3 6.5 35 .3 7 7 2 12.9 1 0 .9 2 4 3 1 0 3 .9 9 5.6 7 'I 3 3 3 .4 6 4 4 fi.5
2 19 2 2 9.3 2 9 .9 7 8 2 3 7 .9 3 6 .9 2 5 3 4 o.6 3 fi-5 7 18 3 16.8 22.1 6 2 4 3 1 .6
2 20 2 1 7 .0 19.4 7 9 2 1 3 .5 1 8 .7 2 6 3 8 1 .2 8 6 .3 7 19 3 16.7 16.3 6 3 4
2 21 2 1 7 .3 19.3 7 10 2 56.9 54.5 2 7 3 77.3 7 9 .4 8 1 3 30.6 27.7 6 4 4 4 5 .7
2 22 2 2 4 .9 3 1 .8 7 12 2 2 5 .5 2 1 .7 2 8 3 4 4.0 4 9 .8 8 2 3 3 0 .8 38.1 6 5 4 2 6 .3
2 25 2 2 4 .8 2 6 .1 7 2 23.3 2 3 .2 2 9 3 2 9 .5 3 7.3 8 3 3 3 0.9 37-7 6 6 4 3 7 -5
2 26 2 17. 1 1 7 .2 7 14 2 4 3 .2 42.3 2 10 3 6 2 .3 6 8 .9 8 4 3 26.4 2**.6 6 7 4 3 8 .3
3 0 2 4 3 .8 3 2 .3 7 15 2 27.1 2 5 .9 2 11 3 3 7.2 37 .8 8 5 3 2 3 .8 2 3 .0 6 8 4 2 7 .8
3 1 2 6 0 .6 6 7 .6 7 16 2 44.6 42.0 2 12 3 17-4 17.1 8 6 3 2 1 .3 3 0 .9 6 9 4 28.5
3 2 2 3 8 .4 3 2 .9 7 17 2 22.0 18.5 2 3 2 7.2 28 .7 8 7 3 4 5 .6 3 9 .9 6 10 4 29.1
3 3 2 99-0 1 0 6 .9 7 18 2 36.0 3 9 .7 2 14 3 59.6 6 7 .9 8 8 3 3 2 .6 2 9 .4 7 0 4 2**.2
3 k 2 6 2 .7 8 1 .2 7 19 2 25.1 2 3 .0 2 15 3 19-9 2 3 .6 8 11 3 2 4.0 2 9 .9 7 4 3 8 .6

3 5 2 1 5 .0 1 8 .6 7 20 2 19.8 1 6 .2 2 16 3 14.7 22 .9 8 12 3 16.4 20 .8 7 2 4 19.5
3 6 2 2 4 .9 2 4 .4 8 1 2 42.4 53.3 2 17 3 21.4 24.4 8 13 3 1 6 .6 2 3 .4 7 3 4 2*1.6
3 7 2 7 7 .5 1 0 8 .9 8 2 2 3 8 .0 41 .0 2 18 3 15-7 25 .5 8 14 3 14.7 1 6 .8 7 4 4 2 4.8
3 8 2 35-3 19.2 8 3 2 21 . 1 2 9 .7 2 19 3 14.3 13.6 8 15 3 2 6.5 22 .2 7 5 4 50.2
3 9 2 4 6 .5 4 8 .7 8 4 2 23-7 21. 1 3 0 3 6 5 .7 5 0 .2 9 1 3 3 8 .8 34.6 7 8 4 2 6 .1
3 10 2 55-0 3 8 .6 8 5 2 49.0 59.0 3 1 3 1 9 0 .6 125.5 9 2 3 3 8 .8 38.9 7 9 4 2 6 .5

3 11 2 8 2 .7 7 5-5 8 6 2 27.9 2 9 .0 3 2 3 34.3 3 2 .8 9 4 3 25.1 19.7 7 10 4 21.5
3 12 2 42.6 3 2 .7 8 7 2 31.7 3 6 .5 3 3 3 52.7 9 5 3 2 2.4 7 11 4 3 8 .6
3 13 2 6 3 .0 57.1 8 8 2 22.4 20.1 3 4 3 6 1 .8 51.3 9 6 3 2 8 .5 2 6 .8 a 3 5 1 6 .2
3 15 2 54.1 4 4 .3 8 9 2 51-9 50.5 3 5 3 1 0 7 .8 9 7 3 22.7 35-2 0 4 1*1*. 0
3 16 2 1 3 .6 1 1 .0 8 10 2 1 1 .6 14.1 3 6 3 2 8 .9 38.4 9 8 3 32.4 2 5 .0 0 6 5
3 17 2 58.3 6 2 .2 8 11 2 42.8 44.4 3 7 3 9.1 12.3 9 12 3 14.8 21.4 0 8 5 4o.a
3 18 2 2 5 .8 2 3 .4 8 12 2 2 6 .7 28.4 3 8 3 2 8 .2 31.8 9 13 3 1 6 .8 24.5 1 0 5 5 0 .6

3 19 2 1 6 .8 13-1 8 13 2 39.1 38.5 3 9 3 55-4 59.1 9 i f i 3 1 8 .7 16.7 1 1 5 6 4 .1
3 20 2 21 .6 2 1 .6 8 14 2 1 5 .6 11.5 3 10 3 35-0 3 8 .6 1 0 4 1 0 8 .8 1 1 6 .3 1 2 5 8 . 5
3 21 2 4 5 .0 4 1 .8 8 15 2 5 6 .7 49.6 3 11 3 34.3 37.4 0 2 4 57.7 29 .9 1 3 5 50 .1
3 22 2 1 9 .8 18.1 3 16 2 22.2 20.7 3 12 3 30.3 35 .8 0 3 4 1 3 .8 13.9 1 4 5 48.6
3 23 2 2 5 .1 25 .1 8 17 2 12.5 14.2 3 13 3 3 1 .6 42.0 0 4 4 110.1 115.4 l 5 5 24.8
3 27 2 1 8 .2 22.0 8 19 2 17.6 2 1 .2 3 14 3 22.2 20.0 0 5 4 32.9 32.7 1 6 5 24.6
A 0 2 17.1 2 4 .8 8 20 2 13-7 12.4 3 15 3 38.3 54.6 0 6 4 55.0 6 0 . 1 1 7 5
4 1 2 50 .1 47.4 8 21 2 1 9 .0 20.7 3 16 3 15-1 1 6 .6 0 8 4 17.2 13.9 1 8 5
4 2 2 9 2 .1 8 7 .8 9 0 2 2 2 .5 23-7 3 18 3 14.1 21 .0 0 9 4 3 6 .9 4 5.9 2 1 5
k 3 2 3 2 .3 27-6 9 1 2 8 .0 12.7 3 19 3 34.2 48 .4 0 10 4 8 3 .8 2 2 5 3*1.6
4 4 2 1 2 9 .4 116.4 9 2 2 17-9 24.5 3 20 3 1 6 .6 19.4 0 14 4 3 fi.o 3*1.8 2 3 5 33-5
4 5 2 21 .0 13.2 9 3 2 42.9 51.3 3 21 3 23-5 2 7 .4 0 16 4 2 9.3 35.8 2 5 5
4 6 2 1 1 6 .8 8 7.6 9 5 2 1 6 .3 14.2 4 0 3 1 6 9 .8 13**.1 1 1 4 6 9 .9 91.6 2 6 5 47-5
4 7 2 6 6 .8 47 .1 9 6 2 29.9 35 .3 4 1 3 17.7 2 6 .6 1 2 4 2 2 .0 2 9.2 2 8 5 4 3 .0
4 8 2 8 7 .2 9 1 .9 9 7 2 1 6 .6 2 4 .2 4 2 3 9 .6 1 3 .6 1 3 4 35-1 46.7 3 0 5 7 9-8
4 9 2 35 .5 2 8 .5 9 8 2 13.3 15.7 4 3 3 ?'5 11.8 1 4 4 21.5 2 1 .2 3 1 5 2 7 .1
4 10 2 54.8 51.4 9 10 2 15.4 27.5 4 4 3 104.8 9 8 .8 1 5 4 57.9 6 3 .5 3 2 5 27.8
4 11 2 38.5 2 6 .3 9 14 2 17-7 19.7 4 5 3 8 5 .4 7 4 .8 1 0 4 33.6 2 9 .6 3 4 5 6 0 .1
4 12 2 91.1 83.3 9 15 2 15.9 19.3 4 6 3 3 7.8 45.6 1 7 4 53.7 48.3 ? 6 5 41.7
4 13 2 4o,6 32.1 9 16 2 22.2 2 5 .9 4 7 3 41 .6 40.2 1 8 4 31 -3 3 0 .0 4 1 5 6 1 .1
4 14 2 2 0 .7 21 .3 10 1 2 13.4 17.8 4 3 3 10.3 17.6 1 9 4 42.1 49.7 4 8 5 6 2.9
4 15 2 43.7 32. 1 10 2 2 34.6 46.6 4 9 3 19.1 16.9 1 10 4 25.1 3 1 .6 5 0 5 46. 1
4 16 2 7 3 .4 60.7 10 3 2 3 0.3 3 8.9 4 10 3 55-1 6 1 .0

|F c |

3 9 .4  
a o .o  
3 ' .9
3 0.7  
26. a 
3*^.6 
£3.5
6 3 .5
5 0 .2
25.1  
42. h
60.1 
2*4.3
3 6 .8
3 8 .3
3 8 .2  
2 8 .1  
*«5.3
31 .3  
3 6 .1  
18.1 
35.**
30 .2
5 8 .0  
*47.7 
i l l  .0
32.2
55 .0

l i t
36.3
53.5
20.5  
*42.3
33 .3
65.1

III
*43.330.8
2 1 .4
57.7
51.5
2 1 .3
25 .9
27 .1
57.1
2 8 .8
3 6 .0
3 9.9
37.3
35.7
$ 5 .8
3H.7
2 9 .227.0
18.6 
*40.9
33.2
27.9
2 8.2  
**7.9
26.3
36.9
32.822.332*i3 8 .6
1 9 .0
3 6 .2
1 2 .9
2 0 .5  
2 8 . f i 
1*7 .6
2 8 .0
29.0
27.8  
1*2 .1  
21*.8
56.7
38.9
42.2  
3**.4
55-7
15.5
55.7
56.8
2 6 .5  
27.1* 
4*4.6
3 2 .5
4 6 .5

m4S. 8
49.0
48.8
64.1
25.3
25.4
6 0 .9
43.4
54.5
58.6  
38.4



The StsTiicture of Benzilmonoximes 
The Crystal Structure of the 

P&?a«~B?Qi&ofaefizoate of Beaailmonosime*tXXZ3Xaesaes:*



The currently aooepted r.:ty*ucyya>?o3 of the taro ^oso:di 
of bon?jil arc a l u i x m  her©
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This coafigarational, assignment? made? fey Meiflouheiiaor {>’.{
was based on the faet that the feeasoat© of the ft.-ozî o
is formed from i>h& osoaisation of tripheaylsoxaiseX©, X U

■0
\ .■«,.!, ̂  \ «c. X-ssssa/̂  u

^3 . ii P ?u ̂^ 1̂1

Q - C - o

There is8J>sa© ©Tidence that thee® nf iguratioas ohonliA bo 
reversed* The acetate of j3~*beasiXmonoxiiae is Swafele at 
J.90°C«> whereas that, of the ©-o&ime raid ergots thermal
decomposition at 140°G* When the reaction producta arc
treated with water? acetic aeid5 feensoie acid and
aoaaauttrile are forced,, indicating that the iniii.ai vwr 
c a m  pevfeabiv fesasonitr&Ie ant ao0t ie• •-&eas©ic antvtvty-. ; 
tne;a •••’;•.spry. deooinpfsrdtionp otter. nonau iby inv v?rp.v..r.
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This would imply that, the hydroxyl group in the ^
wa$ ola to tlio carbonyl. group ̂

Some spectroscopic evidence would seem to support 
this argument, An Imrestigation of some a- oat p ^ h b ’-
fey infra-red spectroscopy (Palm and Werbln? X9S:'h nhc 
that with each isomeric pair* the proximo has the li.l.ry-o'c 
molting point and the- higher conductivity* Thir faux•:
in acidity of the G~H hand in -aooompaniad by a xd.b-';- 
lo w e r  fre q u o x ic ie s  o f  th e  X«&« a b s o rp tio n  b a^ d seu u u fa t 

with the 0«H stretching & ode* In most isomeric o:\iu- ■ ■ ■■
tho p-.vô imo absorbs -at lower frequency than the x̂ior-;.̂ -- 
Jlaaft £Xmottoxirao is an exception oh two counts* Xu ;;vflr,hOau 
of beusaae and chloroform., the fUoxisa© absorbs at tupf'-?;
£reg uenolea than, the «*«•-osime, The melting point of fie

- • ■■ i f  «frw n . p ôsiDie is ©Sily 1 Q 7 * * &  H P  ooMrtt.v*>- '■
with X3G°G in the case of the a isomer?

Otter anomalies in the behaviour of these two ĉey'ea:-̂  
iaolv.&o an ahu.i>̂ uai Koulnmna raai-mngs-aont 
and reachX'-a-; ui* tuu! v. unt.nu watt'.1. uriunn -.■
unehiu: aula eve- ua.vh uui;v';tiouptu::;'ie acid P̂orr:'- •■;■ -

(V-i i



studies vui&ortckcn ad Ohio State fenrrersity 
seemed to support & change is the configuration but the se
ws to not conclusive (£Z*Si H&wimn, private eer a cai-ios}- 
Professor Uovmsm requested an X -ray analysis and sent 
a sample alleged to fee the paga^fegeiaoboageate of I- 
bensilmo&oxime (a»p, 105-106°{?) > B&saes (1938) reportf 
salting points of the imra-brosefeeasoates of a- -srd p- 
socnosime« His values are -as follows s

a form 105°C t 
P fora 147°C ,

That the sample provided was the aar^feromofeeaseate of -ike 
««£ore of the oxime was further confirmed %  the fact ;t;:v 
attempted hydrolysis of the rare,-hr osohs nsoate did uo •••_ 
yield the parent osime« ' (M.S* £?ewmaa9 private eoj.vRnTiiurt 
fhis behaviour is typical of derivatives of a^ximos.-

The crystals provided fey Professor ffewman were .iaiig 
white noodles and showed sharp extinction along tfer dirr-i3 
of tha needle axis* • Unfortunately * they shot* V  a very 
fiircmg tondoney to grow together as twins* V;-' spoelmos?. 
chosen for analysis had on® individual of the twin 
sufficiently smaller than the other to allow feecur&to 
indexing* It had been intended to solve the struottw 
hy the uciva! heavy atom method* This approach faiXud 
The r:tr»otur© was finally solved fey combining a heavy



*23. id mum function

derived txou a thrso—dimoneional r. sharpened. Patterson 
function* Three electron density dis t r iimtions were 
calculated to refine the atomic positions* Further 
improvement of the positional and thermal parameters 
was obtained by the method of least squares. The final 
H-w&Xue was 16"0$ for 12siS independent9 non-zero reflections* 

The- results of this analysis show that the pasa - 
bromobenzoate of the a-hensiimono&ime (m0pJf 105-106°C) 
has the para'-hromofoensoate group trans relative to theft&satassaM/ss A  *r*i'TSs*ec«e»a3t»

carbonyl group (Figas?® 10 }0
O

H

fhis confirms fteisenhsime?0s assignment of siructu 
to the oximes5 1 and XI s, of bensil*

3*2* Ba PEBXMEHTM*
The para^broaobensoate of cs—beaziImonexime yields 

long oolourlessj, needle-shaped crystals when eryst&liiscc 
from ethanol solutions* These melt sharply at 106530



3*2*1* CHOICE 0ff _ C E I s m
Prel imlnary photographs showed that the compound 

crystallises in the triclinic system, with space group 
PI or PI- fSubsequent calculations have shown that 
the space group is PXl. Weissenherg photographs of the 
hkO zone were taken in the usual manner with multiple 
film packs (Robertson* 1943)* Photographs of the hkl 
and hk2 reciprocal lattice nets showed that the crystals 
were twinned* This twinning oeeu^ed in such & way that 
there was exaet registry of points in the zero layer of 
the reciprocal lattice ? but complete di©registry in other 
layers* In the crystal chosen for analysis® one individuals 
of the twin was sufficiently larger than the other to allow 
accurate indexing* The spot shape of the reflections in 
the photographs was very poor*

3.2,20 CHOICE OF UNIT CELL
In the triclinic system* the choice of unit cell 

is not dictated by symmetry considerations* For this 
.reason there are an infinite number of ways of choosing 
a primitive cell in a trieiinxe lattice* However, for 
any crystal * there is one cell that is unique0 This 
particular cell is called the "reduced cell" and is defined 
by the three shortest* non-eop!anas* translation© in the 
lattice* In such a cell, each cell edge is shorter than



reciprocal lattice pointa .into the sphere of reflection*
Thus both the plane and tfeea*:>cf- plane can be photo graphed
with the same mounting. The dihedral angle between the 
planes is the complement of the angle between the plane 
no ratal ss e*g0 [&*'!>*] X j& and [&*&**■ ] X ll* therefore, the 
angle between the planes io 180—s, In the raonoclinic 
case and in systems of higher ayismeiry a*:* = 180~&c In the 
triclinie ease

r- -1 *C:* « o o ( c o s  P*' cos j" -  sin 0** sin y* 000 &)<•

Thus the sis reciprocal cell dimensions are available 
from a single laouatingo The real cell dimensions ear ikon 
be calculated from the formula© given by Buerger (1942, 
pc360)o

3,2,4* CBXSTAL BATA

Formula F.W, 395 =23 gv:-
Bystsm triclinic

>r '$?■Sp&CQ gsoup
o

Lattice constants a « S°78 A
b ** 17-01 j

©c ~ 6°27 A 
a « 93°!! 
8 ^ 91° 013°

j"'*

o



reciprocal lattice points into the sphere of reflection* 
Thus both the ai:3»*”’ plane and tfeea^c^ plane can be photogj 
with the same mounting* Tlio dihedral angle between the 
planes is the complement of the angle between the plane 
normals§ e*g© X  fl [&*■£” ] j, JJthejefow . the
angle between the planes io 1 8 0 -cs* In the monad iaic 
case and in systems of higher symmetry a£ « 180~&, In < 
triclinic case

1 < ety *« cos^’" (cos 0* cos y* - sin 0* sin y* coo a b
Thus the sis reciprocal cell dimensions are available
from a single mounting© The real cell dimensions ean. tas
be calculated from the formula© given by Buerger (1942,
p c360)o

3,2,4* OBISTAL BATA

Formula F,&, „$93 5 <dJ
System triclinic
Space group B. or p¥

0
Lattice constants a - B°7S A

©
b »  1 7 -0 1  A
e « 6°27 A 
a ^ 950U °
p ss 91°08° 
v - 102°34°

^piiecl

Ihe

*}jr>



. C' ylx A

T‘QDX}i'b2?{oh& ? X -4V* gm/eo
Molecules/

coll 2
B e a s r is K e a lc ) 1 -4 9  g a /e e

B (0 0 0  ) 416

js(Ci? Ka) 35 • 9 ca"1

3*2*5. i m m S £ L 8 * E f t
Intensity data ware obtained for the TOcipxwm/ 

lattice nets hkO to kk5 using a Nonius Woissenbe?^
esd multiple film packs* 3?o ©void th© spot skapft 
corree.tion &©ces3axy if data, are obtained frora nrrpxr ©•?
l<rao? halves of ih® sams file* two sets of pkoh^ompk.:; 
wore takes of each layer* one displaced fro® ike ehKft; 
by ft rotation of 180° , TI10 two sets ware sea.t̂ ft t-iv -p- 

by comparison of oomsoa reflections* rho <. i 
reciprocal lattice aots ware given a ©o&zson relfthhv':- •̂■■.•r-.V--- 
liy eomparison by &xia 1 reflections from the Weioo-.ir--'. :

with oosBaoa reflections from the precession pbet3:> ;•••*._ 
of the hki soac. Lorents and polarisation eeFT«cti:nw:
had been calculated on the BMJ03S computer for the Ys«?ir*e'f©:.;-. 
data,, UiEft̂ ê correct ion?? had keen applied to the j/xxxxtuA 
data by sesaB of a template^BEergesft X96(̂.- ft lot .



Pro jacted Patterson rspntho Fiery P(lTf) and P(V¥j;: 
wore calculated to detersiao throe coordinates of the heavy 
atomc The median axis projection* calculated from 
precession data.* showed two large peaks* Neither of these 
gave satisfactory agreement with the major peak in the 
short axis projection* A three -dimensional vector map, 
P ( O T ) S showed tv© major peaks cor responding to the two 
peaks in the projected function* jP(OT)* The larger of these 
was a diffuse peals* very much extended in a direction roughly 
parallel to the median axis* Since the smaller peak was the 
usual Gaussian shape it was assumed to represent the 3Jr~8.v 
interaction* The bromine coordinates derived from this 
peak were%

x *'•- 0° 3246 5 y « 0°0S26* s — ©°3S73*
Structure factors were calculated with phases determined 
fey the heavy atom* Sic's ratio* v6 for this compound

indicating that about 2Q$> of the data will have the wrong 
sign in a calculation based -on th© heavy atom alone.
{Sim,.. 195T)c To avoid introducing errors in to the electron 
density distribution .by including terms with the wrong sign, 
all structure 'factors with



Rvalue for t he terms actually iueluded ia the susmzavdon 

was 53°?$-
The first Fouxier map was calculated ia sections along 

the msdie.il aids. Thoro wore 40 peaks with heights between 
two and sis eiectsoWl3* Other than the bromine atom, 
none of the known features of the molecule could be

xeeognisedu
A sinigraa foaetioa was derived from the t h r e e -dame sexou'w 

Patterson fnactioa ia the manner described ia Fart a { *■ '•;■ 
Both the Courier asp and the minimum function w o k . pitted 
on glass sheets,, but the oaly olsvious similaritioa between 
them wore the positions of the bromine atoms and very 
pronounced streaks of electron density running diagaaaily 
across the maps. Although the miainmm faction was act 
wall resolved, it was possible to reduce the ®*
atomic sites by compariag the two functions, one osctiau 
at a time. Only 27 of the 40 peaks in the Fourier sop
corresponded to positive regions in -the minimum

ft10ss 27 peaks wexe plotted xr. 
tbxee-dim©usioBS usiag .iob̂  v . a  

supported by a coxk base * a**̂?
coordinates tter© defiasd by ‘mm; 
positions of the wnxGft x e / .a •.■•.■■.■ - 

a gxicl dsawa on the h&az * V-'̂
swtieal ©oosdinai© w &p ms
a small piece of fm'-sm -mm- ■-



? P.3U.Xv/<ikOJl ahOfttlViftg,, ' x o i v * ' : 7>' X0O&ti0Tl3

to 9 of oho atoms xn tlxe r.'c»l3c.u.io , lixvo o f theoo w«re 
used in e. atructtire - factor calculation with hkO ref lectio??, 
data* The B-vslit© increased* The three • ̂Limennioaa.i 
data were 13 sharpened*5 fey applying the Lorents polarisation 
function to the Patterson coefficients,, (3?f% This g iven

a sharpening function of the 
form shown on the left, ilv 
sharpened Patterson function 
was used to give an i em *v* .,*•?& 

pofi tion for the bromine 
and to derive a minima™, /iev-i- 
The bromine-phased eloct-e^v- 
density calculation and t v  
Patterson synthesis wn •,••*•• r<> 
in sections along the

o*&

— T— r 
fcS„ ^  0 6  ©»& *5®

0

a m s  because it seemed likely that the streeking oboe;;* :**>-? 
in tho previous maps represented unr® solved * fffcoop.lv 
tilted benzene rings* She resolution of the ©̂ Biinv??;: 
function had been much improved fey the sharpening prcw-v-nr;

The electron density distribution and the »?<:*. niKss *2 
function war© superiaipesed fey plotting equivalent ' .r*ect;;.?v 
f.-?o?a v-iiO '&ro functions or*, the sase glass sheet,- 
oo&poffA’i}'; Tu2%p reveaistl v.he of vli© \ ?,?■?••*-v<- •-'.
ZXnoa the structure of the molecule was known.- ail «•' •• - 
atoms c-oni<i be identifieo.* -w>:ti -̂bey



•Of ̂

in the nost Q'bgiic't'AigQ--*£aGi>Q:v calculation with scattering 
factors appropriate to their chemical types, the R-v&lue 
dropped to 34° .Another cycle of Fourier refiaoiaent 
gave a further isqjroveBteafe to 30wX/£* ifo further calculations 
were done on the D&UGS computer at Glasgow University.,

3(*2»7« WIE&MSSIT OP TEE STODCTIIBB•sat’*v$y«-n •; -r-rr.«.*'rre*exL-5r̂ *»r*'..'.s»s;"a rw*̂ ;aj -̂sa».-7v̂ .'!tTxj-»JW*»%i3Ba.9»;«i**

The Glasgow/ Structure Factor Least Squares program 
was available before the Fourier prograia* For this ro&rson 
refinement was continued by least squares in spite of 
the high Revalue <»

The first cycle of least squares used unit weights? 
for each reflection and .served to provide a rough over- -all 
scale factor for the data* The B-value was 35•75^
For all subsequent calculationsp Cruickshank8 & (19611 
weighting scheme was usedi

./w - <l/pj + I? + I>2?2 •«• PjP3 )*

The initial values of the parameters were

g,= 6-0;p2 » 9°9 » 10‘i  g3 » 1”25 * 10"4 .
These values were adjusted slightly during the course of 
refinement* The final values were

4*2 pg - 1*6 k i®r ̂  « 3°8 x I0r ̂

After four circles of isotropic block-diagonal least -sq.+ •) C*;'

ref in© rue nt~ the &->’V&Xue had boon reduced "co 4*50° 6̂ .? 
data were re seal ©dr After two more cycles the E-value



A  program for refining prsjeotiens by the '''minimum 
residual*1 method of Bkuiya and Stanley £ 19*xl) u&s r~-i fete**
by E o ' % » M&iu of this Department c ¥&©*>, this program
b®o&£i(? available ?:it was used to refine the projections 
along the short and median axes* The E-value8 for the two 
zones improved from 25% to 73% asid from 21% to 22ft 
respectively- Three-disensioimX structure fad c rs based 
on positions from the two projections showed an EUvalno 
of 21°9^o Three cycles of least squares reduced this 
to 1882^o Anisotropic temperature factors were allowed 
to refine for 4 cycles of block diagonal least squares- 
Eefinement was terminated at this point* The E~vr,iu© 
was 16°0$ for 1258 independent reflections* linobserved
reflections were not included in the analysis-



3 * 3 MOLECULAR nXV32N82 Q m , AMD I>BSCEXFTaOH Qg THa STIiZJGWim
The conf i guration of the jga^&^bro me benzoate of bensil 

monoxime is best displayed when the crystal structure is viewed 
in projection along the short axis (Figure 10). Van der 
Waais forces are important in determining the packing 
arrangement of the molecule, but a very short contact between 
the oxygen, of the carbonyl group and the carbon of the 
carboxyl group would seem to indicate that dipole- dipole 
interactions may also be important., laterinoiecuXar contacts
are seen most easily in the projection along the median nxis 
(Figure IX)* Figure 14 is an enlargement of a peril-an. of 
the median axis projection*

Table 8 lists the final atomic coordinates and their 
standard deviations as given by the Xeast—squares refinement* 
The coordinates and their standard deviations are quoted 
with the same number of significant figures* Mo siguifloanee 
should be attached to the last figure as it has been included 
only to allow derived quantities to be calculated without less 
of accuracy. It should be noted that the standard deviation® 
of the heavy atom coordinates are an order of magnitude issalleu 
than those of the light atoms*

Anisotropic temperature parameter© are shown in Table 
9r, Those are the parameters of the equations



exp ( -<»B sia^S/V4 ) ■-* oxp 1 - 2 xf' i v 0 .3O /?c"'̂

" * T '̂lĉ a~ •*• 2u*? glshs'"*!̂  ) ]

The factor of 2 has been. included la the cross-terms*
B@ad lengths and thoir standard deviations are given in Table 
10; bond angles are shown in Table 11* These are shown 
diagramatie&Xly in Figure 12.-

Table 1 2 is a list of p.. ̂ «, the correlation coefficients 
between the coordinates of each atom* The correlation 
coefficient between the i 4̂  and j ̂  parameters in a least 
squares calculation ia defined as

h i -  ( » 1)i j / ! ( .1)l i ( » -1)t j i*.
where (a^). rJ is the element of the row of the matrix 
inverse to the matrix of the normal. equations* T m

intra-atomic correlations arise primarily from non--*>rthogosmXiby 
of the axes and from anisotropy of the thermal parameters...

Standard deviations of bond lengths in this structure
Q

lie between 0*03 and 0*04 A* Mast of the observed bouci 
I0r.gtl1.f3 are very sear their expected values* Individual 
bend lengths in th© foehsea© rings vary between 1°30 &?id \~5l A :

Q
with an average length of 1*41 A* The 0~Br bond length 

©is 1°85 A.- Both of these values compare favourably with 
the expected values of I3397 and I 8S3 A, respectively {Bat-ra. 
1963)* There axe throe 0 {sp2 M'C&P 2  ̂ bonds iu the



O ' A X J :J i I T Z Y . h  0,0 i ? . V r > O X  A  ' 4 9  A y  £lU?i t ? ;0

*3c2̂i-?.?lri tilth ;>,>.; avors/g Xoi\f-'v> of Ac Vhooo Liccvsitrom;-;?iis
*>aro 4s agren/sURt -ritlx the valueo .>£ 4■• 404 and I" 2X4 A, 

respectively for Xonclr- of those in honsil (Brovn and
Sfa&asiagag 1965 )* £k© 0«-0 bond length of 1*38 A 1b cXese

oto the value of X * 358 A reported fer the long bond in esters 
and aoida (Sutton st &Xor 1938). fke &~9 band 1 v.nghh of

O %}
1 *42 A is similar to the. value 1*408 A* reported in

o
ILevine* 1963}s and to the value 1*4X3 A., reported in too,.;•■;■ 
o^irao (Balls 196$)*

X» a summary of mdjue structures,, Hamilton (>*44/ ; ? - v.. 
various lengths for the Cf-If bond bot^reea 1&22S au.d •-

o
the values predicted from hauling*s radii is 1*265 A, :;xo-

.T

•ir:ea,'3iirsd bond length of l h33t,°03 A seems to bs sig*4 ;. •
icngos tfean the predicted length. f M s  may bo. s'-••• .'
i-iiv? sotlociA an underestimate of the standard d e v i u t * -4
'>’b . o length. Hodgson and BoXXott (1963) haw- r-4.;-v:-:-:. ■.■•:•.•.• 4-

\'4r;: Ago 'sari&aees of para meters are calculated Aiav. 44 
:\: ro:s:nn of the block matrices** standard deviation.-; of ihu’i-. 
i.f.4giic cna fee underestimated b y  as muck as 80^s if the 
•Aifforosoo is realP it implies that this is not a y?u-o- 
•A-nut.a bawd but that it is taking part ia some sor'. ri -'v. ■■■-..
. , ' .  4  o  ' v ;  t ' . o o , ;  A 4 4 . 0  i s  o o t  t h e ;  > K - ^  s o n o . n o  e  i ^ a

■ 444 •<•4.0 A mztr/Ao ring: is g:aooj:̂ .si. because both A 4- : - 
' 4 4 ; 4 . v  ' 4 :4 ) 0  r v 4 v ;:; 4  v i o s o i ' h ;  fkoo; 4 4 s  p . l a ? ? . e  t h i V  ' U r :  4 4



• jf

ring (Table O j a  Docosaneo uith ike c&rbcuyl group v.s* 
impossible. The root naan square distance from the "best** 
plane through 0(8), 0(9) M(22) and 0(23) is more than yO*2.5 A, 

This vould indicate that the difference is not real ami that 
the standard deviation of this bond length and been under - 
estimated*

ttBostl? pianos have boon calculated for the three 
benzene rings and for the carboxyl group c Deviations 
those pianon are s h o w  in Table 13 and figure 13.- It is 
interesting to note that 0(17) and Br(26) lie 1b the pic-'xa 
of benzene ring A.? but that the oxygens'-of the carboy 1 group 
have been displaced from this plane by a rotation of 14)% 

PeuXing9s figures for the Tan des* Weals radii of
o - © vv

carbon (1*70 A), nitrogen (1*50 A) and oxygen (1 *40 A) prod.ic'. 
that the shortest intor~»moXecuXar contacts trill bo ao follows;

<?.♦..C 3*40 A 3°20 A
0,,..O 3*12 A 0,,n,0 . 2-80 A*

The only contact that ia significantly shorter than thy
correspending Van tier Was!a radius is that between 0(24) -'■/■■ a
0(':£ ),. fhe calculated • standard deviation of this tnaasn.?wVGv.

©is just under 0*03 A* but the difference boti/eon the observed 
and calculated distances %& large enough to'be significant

r;
even if the standard deviation t/are as high ao 0 4)4 4 , 
ihiiitaots as short as 2-77 A between sp*,-■'hyferldized or;::;:?.i 
~:\?d the oxyge-n of a carbonyl group have been observed :...;- a



compounds where t l w o  ir- i*--.--- p<.s vlixility fox* hydrogen bonding.' 
{Davies and BXuci, 1915;?: Ohn. Jeffrey ant! $ak«rair 1962?
Boltonc 1963> 1964r 1965}> Bolton has studied this offoot 
and has suggested that it occurs when dipole -dipolo a:: 
dipole-induoed-dipole interactions are quite strong, the 
shortest contacts occur when the bond of the carbonyl group 
is approximate ly col linear with the TT-bond of a carbon atom 
in an adjacent molecule? In the compounds studied by 
Bolton., the carbon a torn is In an aromatic system with at
least two carbonyl substituents« The average -length of U m

■©
0««««C contact is 2 ”82 A t and the average value of the D , * 
angle is 15f * In the present study * the carbon atom involved 
in the contact is an sp^-o&rben in a carboxyl group.- 'i’Uere 
is ao large inductive effect prosent« but neither of the 
CM) groups in the molecule seem to be involved in any 
&PP reliable resonance interaction, It seems roasonahlc 
to expect a certain ©mount of dipole-dipole interaction 
between the two groups.- This interaction would not bo ao 
strong as in alloxan and the other molecules studied by Colter*, 
the. 0*9.-«*0 angle (116°) is less favourable and the ronton? 
is longer than those he observed.*

Kihara (1963) has shown that the structures of mul*?, 
polar molecular crystals are governed by electrostatic foreon 
between the molecules,:- He has determined correct crystal 
structures for o, number of relatively simple molecules by- 
building models with shape and magnetisation appropriate



forces play an important :?olo in determining the crystal 
structures of a fairly broad category of molecules, This 
general observation., coupled with the fact that the carboxyl 
group in the present structure has been rotated out of the 
plane of the hensene ring in a direction that would make a 
more favourable angle between the f?~orbital of the carbon 
atom and the q^orbit&l of the oxygen, suggests that the 
close contact is real,,



-75- 
Figure 10

a,

Packing diagram of the para.—bromobenzoate of 
benzi I monoxime , viewed along the c—axis
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Figure 11
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Para^bromobengoate of Benz ilmonoxime: Anisotropic 
Temperature Parameters

® „  ® aa. U3& 2^, 2Uai 2® a.
C(t) 0.156 0.073 0.063 -o .o64 0.035 o.o85
C(2) 0.079 0.036 0,116 - 0.010 -o  009 0,028C(3) 0.060 0.103 0.139 0.010 -0 .0 04  0.009
C(4) 0.074 0.079 0.082 0.006 0.030 0.045
Cl 5 ) 0.095 0.110 0.087 0.014 0.024 0.069C(6) 0.115 0.063 0.082 -0 .0  7 0.025 - 0.007C(7) 0.072 0.087 0.079 - 0.039 0.038 0.023
C{8) 0.067 0.075 0.064 - 0.007 0.022 0.029
c (9 ) 0.087 0.083 0.052 o .o4l 0.040 -o.oo4
C (10) 0.083 0.074 0.076 o .o il  0.078 0.039
C«11) 0.088 0.046 0.114 0.005 0.041 0.022
CC12 1 0.120 0.077 0.126 0.001 0.022 -0 .022
c ((13 ) 0 .0 9 0  0 .0 8 9  0 .1 5 3  - 0 .0 0 8  0 .0 1 3  0 .0 2 2
C(( 14) 0 .1 0 8  0 .1 2 3  0 .1 2 0  0 .0 0 2  0 .0 1 2  0 .0 5 0
c h s 'i 0.053 0.138 0.077 -0 .062  -0 .023  -0 .005
c l l 6) 0.054 0.080 0.086 -0 .020  -0 .020  0.016
C( 17) 0.047 0.088 0.084 0.019 -0.001 - 0.044
c l  18) 0 .105  0 .0 9 2  0 .0 7 6  0 .0 2 0  -0 .0 1 6  -0 .0 3 6
C«19) 0.083 0.097 0.059 -0 .018  =0,010 0.001
c«2o) 0.050 0.089 0.116 -0 .026  -0 .002  -0 .003
C((21 ) 0.061  0 .0 9 0  0.097  - 0 .0 2 0  0 .0 2 6  0.012
N 22 ) 0 .074  0 . 07 ) 0 .0 7 0  0 .022  0.010  0.005
O u23) 0 .0 8 0  0 .1 1 0  0 .0 8 8  0 .0 1 5  0 .0 0 9  - 0 .0 0 3
0((24) 0.059 0.093 0.083 -0 .042  0.010 -0 .0 04
Ol(25 ) 0.090 0.098 0 .1 )0  -0 .020  0.065 -0 .004
Be*/(26) 0.136 0.096 0.102 - 0.060 - 0.011 0.014.



Table t o
Fara-tooffiPbenzoata of Eens ilaonoxiste:
Bond lengths In angstroms* with standar-d 
deviations given as units in the last place.

1.845(25)
1.448(37)
1.390(39)
1.446(35)
1.449(35)
1.301(36)
1.477(39)
1.507(33)
1.197(28)
1.377(27)
1.417(23  
1.354(28  
1.495(30,
1.433(32  
1.387(3“

0124 
Hi 22

Q|2;
o{s4:Hl'22' 
0C8) cl 16)
cl 17)e! is)
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C ( i 3 ;  
G\( Ti4jo n ® * !  
cfiio] 
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119.5I l f * ?
114.3 
1.24 
H 7 .7
1 1 6 . 9
801.8
115.4 m : 6 .  f  
ta^oT
122.9
108.7
129.9
1 1 6 . 5
1 1 0 . 7
189.3i « 3 . o
i s u . 7
1 1 7 . 6
120.8 
i£0 .8
iso. 4
113.8
524.307.0 
U 4 . 5  
tigS.7
118.3
121.5
123.6 
i 1 4 . 8  
If 1.8 
103.1
114.3
128.3

2.0
2A
2.5.8 . 3  
2.1 8 , 0
8 .4  2 7 3  
1*8 
2.. 2
n
2.8
1.5i u 6
K 92 , 0
1.92.12 . 4
2 . 32 . 3  
2*3  2 . 0  
1*9 2 , 0  
8.0 
1.8 
2iO
2.3 
2i7 2 . 8  2 , 72 . 3  
2.2



Para^Brc&iotienzoafce of Benailmonoxime:
Correlation Coefficients

0.29998 0.14586
o .llg S 7  0.06582
0.08878 0.04642
o.s84o9 0.17467
0 . 25684- 0.12183
0.00550 0.12405
0.13869 0.18289
0.16573 0.12154
0,01546 0.16854
0 .18099 0.30766
0,11643 0.18964

~o. 02487 0.09343
O .12420 0.09403
0.17601 0.07558
0.03727 -0.03303
0.09594 -0.00379

-0.10309 0.05197
- 0.09101 -0.02412
0.05061 -0.01672
0.05333 0.07642
0.07686 0.13350
0.07201 0.09923
0.05114 0.08290
0.04473 0.08099
0.04323 0.24747
O.04472 0.00410

-0.16655  
0.01953
0.07248 
0.07385 
0 . 0924? 
0.05836 

- 0.07714 
0.03710 
0.21003 
0.08628 
o.o6 l 49 
0.09301 
0.05286 
0.06221 

-0.13106  
0.00554 O.13689
0.15814
0.01787

-0.03691
- 0.01227
0.13674
0.11462

-0.06906
0.02315

- 0.16339



Pam-BForaohenzqate of BenzileonoEiisie s deviations in~sFerns x 10“3 from planes through the molecule.
Atoms included in plane

C Cl 
C(2
c
C(4l
CI5)CC6)

Hoot mean

* 1 9
83 o

So
50
^9

Cl 16 
Cl 17C( 1 8
C(19c l s o
C(21

© deviation;
34

2
*29
12
7
18
36

27
Atoms not Included In plane: 

0 ( 7 5  -43 0(8) 205Br(26) 70 0(9} “559
0(2%) 312 tJ(22) 1347
0 (2 5 ) 154

Cl 10

SiU)

1 9
*191 3
-7
22

14

159
525

0(24'
0124
0127,

Equations of planes. X^Y^Z ar© atomic coordiates 
©3? thogonaUsed according to the following formulae:

B
0
D

JU£ + £Z COS t
Xs3 Jpr ,

Z® ©g sin fi •
-0.5217X 4= 0.76447 - 0.3788Z « -4.415C 
•0.141IX -0.9093 Y -0.3914 Z « 3.8857 
O.5917 X -0.76o4 Y -0.26772 s 4.5940 

-o.44o4 X “K).6219Y -0.6475 2 ^ -4.9788
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Inter—molecular contacts (median axis projection)
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raoin h  ltd.

S3
4 -3  
4 - 2  
4 -1
4 o 
4 2 
4 3 
4 4 
4 5 
4 6 
4 7 
4 8 
4 9 
4 10 
4 11
4 125 "I5 - 6  
5 - 5  
5 - 4  
5 - 3  
5 - 2  
5 -1 
5 o 
5 1 
5 2 
5 3 
5 4

1 1 
5 7
5 8 
5 10
6 - 5  
6 - 4  
6 o 
6 1 
6 3
6 5
7 -2  
7 o 
7 4
1-13 -2  
1 -1 2 - 2  
1 - 1 1 - 2

- 9  - 2  
- 8  - 2  
- 7  -2  
- 6  - 2  
- 5  - 2  
- 4  - 2  
- 3  - 2  
- 2  -2  
-1 -2  
J0 -2  

1 -2  
2 -2
3 -2
4 -2
5 -26 -2 
8 -2 
9 -2

11 -2  
12 -2
13 -2
14 -2  
16 - 2  
17 -2

2 - 1 6  - 2  
2 -1 4  - 2
2 -1 3  -2  
2 -1 2 - 2  
2 -1 1 - 2  
2 - 1 0  - 2  
2 -9 -2 
2  - 7  -2  2 -6 -2 
2 - 5  -2  
2 - 4  - 2  
2 - 3  - 2  2 -2 -2 
2 - 1  -2  
2 0 - 2  
2 1 - 2  
2 2 - 2  
2 3 - 2  
2 4 - 2
2 5 - 2
2 6 - 2  
2 7 - 2  
2 8-2 2 9-2 
2 10 -2  
2 11 -2  
2 12 - 2  
2 13 - 2  
2  14 - 2  
2 15 -2
3-14  -2  
3-13  -2  
3-12 - 2  
3-11 -2  
3 - 1 0  -2

|Fo|
2 7 . 2
16.5 
36 .9  
12.7 20.3
20.6 
19.5 
18.1
10.4  
22.2
1 6 .5
8 .5

'U
5 -9

ft -
7.1

17.5
5 .3

13.1
6 . 5

1 0 . 3
7 .3

21 .4  
28.0

3 .9
9 .0
4 .7
9 .6

18.1 
1 0 . 2
13.2

6 . 6
1 0 .5
1 0 .5
6 .0  
8 . 6

18.2
8 .3
9.1
8 .3

10.5
14.9 
1 l . o
8 .3

13.3
46 .4  
33 .8
34 .7
17.2
8 .5

17.2
15.0
50 .8
2 7 .4
12.7
16.3
1 1 . 8
11.7
48 .8
33 .8  

5 .3
5 .0  

2 1 . 2
6 . 2
7 .2
4 .6
5 .0
4 .7

1 0 .0
7 .3

1 2 .8
9 .927.6

14.4
7 .4

1 6 . 5
40.3  
37.2

8 . 2
9 .6

1 3 .0
19.7
35 .6
26.0 
3 1 . 0

4 .9
5 .4

2 1 . 6
18.4
18.8 
2 5 ; 2
1 0 .9
4 .6
9.1
6 . 2  
5 .8  
8 . 2
4.5

10.4 
8 . 1
5 .6  

10.7 
18.6

3 0 .6  -15-3 -37.4 
- 1 2 . 1  -19.0 -23.417.217.9 

13.626.417.9 
10.0

-18.65.8 4.6-7.0
10.4  9-4-22.9
-6.8-14.0-5.8-9.37.1 21.028.5 5-5-7.72.9 -9-2-23-1-13.9-1 6 .26.59.611.5 -5-3 
-8.2

-20.5-6.4-9-4-7.412.5 -20.3-8.78.0
1 0 .944.735.733.919.2 -5-9

- 1 5 .0
-23.0-61.3-54.4-15.321.5 -11.79.543.131.9 -5.23.9 
- 1 7 .2-2.4-5.34.22.43.6 -7.25.7

1 1 .88.8
2 5 .6  
1 2 .04.9 -14. 1 

- 3 4 .0  -37.0 -11.48.2 
1 1 .623.4 46.6 33-438.53.8 -6.5-25.5-1 9 .6-18.7-2 8 .8

8.8 6.3 3.7 9.62.5
5il

' -ft-1 6 .9

3 -9 -2 3 -8 -2 3 -7 -2 3 -4 -2 3 -3 -2 
3 - 2 - 23 -1 -2 
3 0 - 2  3 1 - 2  
3 2 - 2  3 3-2 
3 4 - 2  3 9-23 10 - 2  
3 1 1 - 23 15 -2 
4 -1 5 - 24-14-2 4-13 -2 4-12 -2 4-11 -24-lo -24 -8 -2 4 - 7 - 2  4 -6 -2 4 - 5 - 2  4 -2 -2 4 -1 -2 4 1 -2 2 -23 -24 -25 -26 -2 7 -24 10 -2 4 11-2 4 12 -2 4 13 -24 14 -2
5 -1 6 -2 5-15 -2 5-13 -2 5-12 -25-11 -2 5-10 -25 -9 -2 5 -6 -2 5 -5 -2 5 -4 -2 5 -3 -2 
5 - 2 - 2  
5 -1 - 2  
5 0 - 2  
5 1 - 2
5 2 - 2
5 3 - 25 5-2
5 6 - 2  5 7-2 
5 8 - 25 10 -2
6 -1 7 -2 
6 -1 6 -2 6-13 -2 
6-11 -2
6 -8 -2 6 -6 -2 6 - 5 - 26 -4 -2 6 -3 -2 6 -2 -2 6 -1 -2 6 0-2 1 -2 

2 -2 3 -25 -26 -2 7 -2

6 6 
6 6 6 6 6
6 9 - 2
7-1 3  -2  
7-11 -2
7 -7  -2  
7 - 5  - 2  
7  - 4  -2  
7 - 3  - 2  7 -2 -2 
7 - 1  - 2  
7 0 - 2  
7 1 - 2
7 3 - 2
7 5 - 2  
7 6 - 28 -4 -2 
8  - 3  - 2  
0 -1 6  2 
0-15  2
0 -1 4  2
0-13  2 
0-11 2 
0 -1 0 2 
0 - 9  2

lF°l25.4
14.9
12.429.352.932.28.5
10.99.96.435.529.2
1 7 .05.54.5 5.4
1 4 .5
1 3 .013.011.47.86.79.1
1 7 .0

4 . 0
11 .1 21.0
20.926.59.24.76.29.115.414.35.9

8 .19.7 7-7 
5 .03.8 3-7 8.77.33.6 

12.87.9
14.0 
12.825.315.48.43.713.413.54.34.914.411.96.9 5-64.66.54.94.84.54.6
12.6 
12.25.44.7
1 7 .030.9
4.26.78.57.7

12.43.67.33.7 9-112.7
6 . 04.6 4. 1

1 0 . 2
8 .018.5 5-7

1 0 .23.6
1 2 .9
1 0 .35.8 6.4
1 6 .69.15.18.2
9 .6

8:1
3 1 .036.9

Fo H K L | F o | Fc H K L l ° t i ’C

- 2 3 . 0 0 - 8 2 3 4 . 0 27 .9 5 - 1 0 2 14.1 -1 8 .3
- 1 3 . 8 0 - 7 2 2 7 . 1 2 2 .3 5-11 2 7 .2 - 7 - 3
- 1 3 - 6 0 - 6 2 7 . 4 - 6 . 4 6 - 1 2 9 .8 - 9 . 6

29 .5 0 2 2 .9 - 4 . 5 6 - 2 2 5 .5 - 4 . 2
55 .5 0 - 4 2 30 .8 - 3 1 . 6 6 - ? 2 7 .6 - 5 . 7
40 .9 0 - 3 2 28 .9 -3 1 .0 6 - 4 2 1 2 .2 -1 3 .1

7 .9 0 - 2 2 45.4 -5 4 .7 6 - 6 2 7 .8 8 .9
- 9 . 0 0 2 2 5 2 . 8 5 2 . 6 6 -7 2 8 .9 8 .5 '
11.7 0 3 2 34.7 38.2 7 -1 2 1 0 .5 1 0 .5
- 8 . 2 0 4 2 17.5 15.2 7 -3 2 6 . 6 - 7 . 8

-4 2 .2 0 5 2 31.6 34 .8 2 3 2 1 8 .0 -1 5 .2
- 2 9 . 9 0 6 2 55.7 5 1 . 6 3 9 2 1 2 .6 -1 4 .8

2 0 . 0 0 7 2 18.7 - 1 6 . 7 5 1 2 15.9 -1 4 .6
4 .2 0 8 2 2 2 . 8 - 2 1 . 2 0 - 9 2 18.1 2 8 .1
3 .4 0 9 2 17.1 - 1 7 . 9 1 - 8 2 8 . 1 - l o .  1

- 3 . 7 0 10 2 12.9 -1 4 .2 2 -1 2 16.4 - 1 5 .0
- 1 1 . 0 0 11 2 17.3 -1 6 .4 3 - 8 2 32.9 4 0 . 3

- 8 . 5 0 12 2 1 0 . 0 - 9 - 5 3 -9 2 2 1 . 7 2 5 . 0
- 8 . 8 0 13 2 4 .6 4.0 4 - 1 2 9 . 4 8 . 0
- 9 . 3 0 14 2 4.2 3 .6 4 6 3 6 .4 6 . 0
- 5 . 4 0 15 2 9-0 8 . 0 4 7 3 1 2 .8 11.9
- 7 . 8 1 0 2 2 4 .6 2 9 .1 5 1 3 13.4 11.5
1 6 . 3 1 1 2 44 .2 39.2 5 -2 3 1 6 .2 -1 5 .7
18.3 1 2 2 9 .6 1 2 . 0 1 0 3 15.7 -1 7 .7
4 .0 1 3 2 9-7 - 6 . 0 1 1 3 51.5 -4 7 .4

- 9 . 5 1 6 2 14.5 - 1 9 .0 1 2 3 5 1 . 8 -4 6 .3
- 2 1 . 8 1 7 2 25-0 - 2 1 . 5 1 3 3 1 6 .0 -1 4 .4
- 2 1 .7 1 8 2 19.1 -1 5 .5 1 4 3 8 . 2 - 5 . 9
- 3 1 . 2 1 10 2 13.5 1 2 .2 1 6 3 23.7 2 2 . 0

- 8 . 0 1 11 2 25 .7 24 .7 1 7 3 1 9 . 2 1 6 .9
- 7 . 0 1 12 2 1 3 . 0 14.9 1 8 3 2 7 .3 23 .9

4.1 1 13 2 9 .5 8 .9 1 9 3 2 0 .5 19.3
8 .5 2 0 2 9.1 - 1 1 . 6 1 12 3 6.7 - 7 . 9

14.1 2 1 2 32.5 -2 7 -5 2  1 3 24 .4 2 0 . 3
16.5 2 4 2 57.3 -4 5 .2 2  0 3 13.5 1 2 .2
3 .4 2 5 2 18.7 - 1 6 . 9 1 14 3 7.1 - 1 1 . 0

- 8 . 7 2 6 2 2 5 .9 2 5 . 0 2  2 3 1 0 .2 -1 0 .4
- 7 . 4 2 7 2 31.0 2 5 . 8 2  3 3 2 6 . 2 2 2 . 9
- 5 . 9 2 8 2 18.2 18.3 2 4 3 30 .4 29 .7
- 3 . 0 2 9 2 11.9 1 2 . 8 2 5 3 2 6 . 6 24.5

2 .4 2 10 2 14.1 1 6 . 0 2 6 3 8 .5 - 3 . 6
- 2 . 2 2 13 2 8 .3 - 9 . 2 2 7 3 12.7 - 1 3 .0
- 6 . 6 3 0 2 9.0 - 2 . 8 2  8 3 6 .1 - 6 . 9

5 .2 3 1 2 11.7 1 2 . 5 2 9 3 12.5 - 1 1 .6
3-2 3 2 2 28 .7 2 5 . 5 2 10 3 14.5 -1 7 .2
9-8 3 3 2 34.1 3 3 . 5 2  11 3 9 .2 - 1 0 .8
5-9 3 4 2 2 5 . 0 2 0 . 8 3 0 3 4o.3 42.2

1 2 . 3 3 5 2 13.0 1 2 .9 3 1 3 21 .9 2 1 . 8
- 1 3 . 0 3 6 2 1 9 .8 2 0 . 7 3 4 3 10.5 - 1 2 .9
- 2 3 . 5 3 7 2 3 .2 4 .4 3 5 3 19.0 -1 8 .9
- 1 3 . 5 3 8 2 3 .4 - 4 . 4 3 6 3 2 1 . 1 - 1 8 .3

- 8 . 2 3 11 2 18.8 -2 0 .3 3 7 3 2 0 . 8 - 1 7 .9
3 .7 4 0 2 39-7 37.1 ' 3 8 3 7-1 - 10.1

13.6 4 1 2 1 7 . 8 1 7 .0 3 9 3 5 .8 - 2 . 2
1 2 .6 4 2 2 7-2 7 .2 3 10 3 9.2 11.4
4 .2 4 3 2 17.1 17.9 3 12 3 7.1 9-3
5 .8 4 5 2 2 9 .6 - 2 9 . 0 4 0 3 5 .8 4.2

16.1 4 6 2 27.5 -2 9 .3 4 1 3 1 0 . 6 - 8 .1
- 1 2 .6 4 7 2 7 .8 6 . 6 4 2 3 17.3 -1 7 .7

- 4 . 3 4 8 2 8 .1 - 7 . 6 4 3 3 14.3 - 1 6. 0
- 5 . 8 5 0 2 6 .9 - 6. 1 4 4 3 5.3 -3 .1
- 5 . 3 5 2 2 23.7 - 2 1 . 2 4 8 3 11.7 9 .8
- 5 . 6 5 3 2 13.4 -1 2 .3 4 9 3 7 .4 6.6

4 .2 5 4 2 6 . 2 - 6 . 8 ’4 lo 3 5.7 5-4
5 .2 5 5 2 9.0 -8 . 9 5 4 3 11.4 13.4
3 .5 5 6 2 14.6 -1 6 .4 5 5 3 11.5 11.4

- 4 . 3 5 7 2 11.7 13.7 5 7 3 5 .8 2 .9
- 11 .1 5 8 2 6 . 0 8 . 2 5 8 3 6 . 6 - 5 . 7

9-7 5 9 2 9-4 1 1 .8 6 1 3 12.9 10.7
- 4 . 4 6 2 2 8 . 0 7 .6 6 2 3 13-0 14.9
- 3 - 5 6 4 2 1 9 .0 1 7 .8 6 4 3 9.2 -9 -2
14.1 1 -1 2 41 .7 43.1 1 -1 3 4.8
3 0 . 8 1 - 2 2 2 0 . 0 19.2 1 - 2 3 10.7 -1 3 .4

5-3 1 - 3 2 17.9 18.8 1 -3 3 10 .7 15.9
6 . 6 1 -4 2 17.7 -2 4 .2 1 - 4 3 23.2 33-2
7 .0 1 - 5 2 1 1. 0 - 1 6 .3 1 -5 3 2 6 .1 35.0

- 7 . 2 1 - 6 2 28. 1 - 4 0 .8 1 - 6 3 5 .6 6 .5
-1 0 .4 1 - 7 2 27.5 -36 .1 1 -7 3 13.9 1 9 .8

- 2 . 1 2 - 2 2 18.4 -1 6 .5 1 -9 3 7 .3 - 1 0 .3
- 5 . 6 2 -3 2 27.1 31 .5 1-1 0 3 5 .6 -6 . 7
- 4 . 3 2 -4 2 41.6 44 .6 2 -1 3 16.5 -1 8 .3

7 .0 2 -5 2 6 . 6 8 .7 2  - 2 3 2 7 . 8 -3 3 .8
9 .8 2 -5 2 6 .4 8 .7 2 - 3 3 7 .9 - 1 0 .9

- 6. 1 2 - 8 2 1 9 .2 23 .4 2 -4 3 10.5 - 1 1 .9
- 4 . 2 2 -9 2 8 . 0 - 1 0 .0 2 -5 3 7 .9 - 10 .8

2 .3 2 - 1o 2 15.2 -1 9 .4 2 - 6 3 4 .3 5 .2
8 .1 2 - 11 2 11.5 - 1 5. 2 2 -7 3 10.3 16.1

- 7 - 5 3 -1 2 41.9 -4 7 .4 2 - 8 3 4 .4 8 . 6
-1 4 .6 3 - 2 2 17.9 -1 8 .7 2 -9 3 4 .7 3 .9

3 .9 3 -3 2 2 0 . 8 - 2 4 .8 2 - 1 0 3 1 0 .0 13.2
8 .4 3 -4 2 10 .2 -1 1 .7 3 -1 3 2 9 . 5 2 9 . 0

- 3 . 7 3 -5 2 7 .6 - 8 . 5 3 -2 3 1 3 .4 1 2 . 1
-1 2 .7 3 - 6 2 1 2 .6 1 5 .0 3 -4 3 4 . 5 -3 -8

1 0 .3 3 -7 2 15.2 16.4 3 -5 3 5.1 - 6 . 7
-4 . 7 3- 10 2 7 .0 7 .4 3 - 6 3 8 .5 -1 0 .7

6 . 0 4 - 2 2 1 6 .9 15.0 3 -7 3 1 2 .6 -1 5 -4
- 1 2 .5 4 -4 2 6 . 0 - 3 . 8 3 - 8 3 7 .4 - 8 . 0

- 6 . 6 4 -5 2 9 .7 -1 0 .4 3 -9 3 4 .9 - 2 . 4
-3 .1 4 - 6 2 14.5 -1 4 .6 3 - 1 0 3 6 . 6 7 .8
- 4 . 6 4 - 8 2 8 . 6 8 . 2 4 -1 3 9 .o - 8 . 4
- 6 . 6 5 - 2 2 6 .1 5.8 4 - 2 3 5.1 4 .9
- 6 . 0 5 -3 2 1 0 .8 9-3 ? •? 3 8 . 0 8.7

3 . 6 5 -5 2 8 .7 10.7 4 - 4 3 9 .0 8 .4
2 0 . 7 5 - 5 2 15.9 17.2 4 - 5 3 13.1 14.1
2 8 . 1 5 - 9 2 9 .7 - 10 .8 4 - 6 3 10. 6 11.1



Tab.le 13 r td.;

H K L | F o | Fo H K L

5 - 1 3 2 2 . 0 - 2 5 . 6 5 -4 -3
5 - 4  3 11.5 - 9 . 5 5 - 2 - 3
5 - 5  3 5 .2 - 4 . 6 5 -1 - 3
5 - 7  3 5-4 6 .7 5 2 - 3
6 - 1 3 5. 7 7- 8 5 3 - 3
6 - 2  3 11.3 8 . 0 5 6 - 3
6 - 4  3 8 .9 - 8 . 5 5 11 - 3
6 - 7  3 9 .0 - 9 - 7 6 - 11 - 3
7 - 3  3 9-2 7 .3 6 - 8 - 3
7 - 4  3 9 .2 7 -9 6 - 6 -3
1-13 -3 4 .5 4 .3 6 - 5 -3
1 -1 2  - 3 5 .0 2 .4 6 - 2 - 3
1-11  - 3 3 .8 - 4 . 2 6 0 - 3
1- 1o -3 1 7 . 6 - 2 1 .4 6 1 - 3
1 - 9  - 3 22 .5 - 1 9 .4 6 2 - 3
1 - 8  - 3 2 6 .4 - 2 2 . 0 6 3 -3
1 - 7  - 3 14.4 - 1 2 . 2 7 - 8 - 3
1 - 5  - 3 1 0 . 8 11.4 7 - 7 - 3
1 - 4  - 3 28 .3 2 6 . 3 7 - 2 - 3
1 - 3  - 3 28. 1 27.7 7 0 - 3
1 - 2  - 3 34 .7 37-0 7 1 - 3
1 - 1  - 3 9 .2 1 1 .2 7 3 -3
1 1 - 3 3o . 6 - 3 6 .3 8 - 7 -3
1 2  - 3 16.4 - 2 5 . 3 8 - 6 - 3
1 3 - 3 36.2 -3 9 -3 8 -1 - 3
1 4 - 3 12.7 - 1 4 . 4 0 - 12 3
1 5 - 3 2 1 .5 -1 3 -5 0 - 11 3
1 6 - 3 17.6 -1 1 .5 0- 10 3
1 7 - 3 1 3 . 6 8 .5 0 - 9 3
1 8  - 3 25.1 17.1 0 - 8 3
1 9 - 3 15-9 1 1 .0 0 - 7 3
1 l o  - 3 7.1 3 .5 0 - 6 3
1 11 -3 12.7 7 -7 0 - 5 3
1 12 - 3 7 .7 5 .8 0 - 4 3
1 13 -3 6 . 2 - 4 . 8 0 - 3 3
1 15 -3 7 .8 -.5 . 6 0 - 2 3
2 -1 4  -3 6 . 2 - 8 . 5 0 1 3
2 - 8  - 3 1 2 .5 1 6 .8 0 2 3
2 - 7  - 3 28. 1 2 7 .4 0 3 3
2 - 6  - 3 2 0 . 9 23.1 0 4 3
2 - 5  - 3 3 0 . 6 2 6 . 7 0 5 3
2 - 4  - 3 6 . 9 - 6 . 6 0 6 3
2 - 3  -3 18.5 - 1 8 .2 0 7 3
2 - 2  - 3 6 . 0 - 8 . 3 0 9 3
2 0 - 3 27-5 - 3 2 .2 0 10 3
2  1 - 3 35.3 - 3 8 . 0 0 11 3
2 2 - 3 8 . 6 8 . 2 0 12 3
2 3 - 3 13.9 15.9 1 - 9 4
2 4 - 3 11.9 11.1 1 - 7 4
2 5 - 3 18.2 2 0 . 6 1 - 6 4
2 6 - 3 15.6 13.7 1 - 4 4
2 7 - 3 14.9 1 6 . 2 1 - 3 4
2 9 - 3 5 .6 5.1 1 - 2 4
2  10 - 3 17.7 -17 .1 1 -1 4
2 1 1 - 3 3 .8 2 .4 1 1 4
2 12 - 3 6 . 2 - 2 . 4 1 2 4
2 13 - 3 6 .3 - 4 . 5 1 3 4
3-12 - 3 7- 1 11.7 1 4 4
3-11 - 3 15.7 2 3 . 6 1 5 4
3 - 1 0  - 3 1 2 .8 17. 1 1 8 4
3 - 7  - 3 5 .8 4 .6 1 9 4
3 - 6  - 3 11-7 - 1 5 . 6 1 10 4
3 - 5  -3 23 .7 - 2 5 .9 2 - 10 4
3 - 4  - 3 2 0 . 1 - 2 1 . 7 2 - 9 4
3 -1 - 3 22 .8 25 .5 2 -8 4
3 0 - 3 22 .8 2 3 .3 2 - 7 4
3 1 - 3 15-4 1 2 .0 2 -6 4
3 2 - 3 7 .0 7 .6 2 -2 4
3 3 - 3 13-9 1 1 .0 2 -1 4
3 4 - 3 11.0 9 .5 2 0 4
3 5 - 3 5 . 5 - 2 .1 2 1 4
3 6 - 3 5 .1 - 3 . 4 2 2 4
3 7 - 3 1 3 .0 - 1 0 .0 2 3 4
3 8 - 3 7 . 2 - 4 . 7 2 4 4
3 lo  -3 9 . 7 - 9 - 5 2 5 4
3 1 1 - 3 5 . 6 5 . 0 2 6 . 4
3 13 -3 4 . 5 1.5 2 7 4
3 14 -3 4 . 7 2 .8 2 8 4
3 15 -3 4 .0 3.1 2 10 4
H-13 -3 4 .5 - 6 . 2 2 1 1 4
4 -10  -3 3 .8 - 7 . 0 2 12 4
4 - 9  - 3 9 .4 -1 6 .4 3- 11 4
4 - 8  - 3 10.2 - 16.1 3-■ 10 4
4 - 7  - 3 7 .0 - 9 - 7 3 -9 4
4 - 4  - 3 8 .8 9 .4 3 -8 4
4 - 3  - 3 1 0 .8 14.9 3 - 6 4
4 -2  - 3 6 . 7 7 .9 3 4
4 -1 - 3 16.0 1 6 .6 3 - 4 4
4 o - 3 6 .7 9 . 0 3 -3 4
4 1 - 3 12.9 - 1 2 .9 3 -2 4
4 2 - 3 22 .6 - 2 0 . 6 3 -1 4
4 3 - 3 24 .7 -2 2 .8 3 0 4
4 4 - 3 14.2 -1 4 .3 3 1 4
4 5 - 3 14.7 -1 7 .0 3 2 4
4 6 - 3 9 .0 11.5 3 3 4
4 7 - 3 8 .3 - 8 . 9 3 4 4
4 8 - 3 4 .9 3.o 3 6 4
4 9 - 3 8 .8 9 .2 3 7 4
4 lo  -3 7 .9 5 . 6 3 8 4
4 1 1 - 3 4 .5 1.5 4 -4 4
5-13  -3 4 .9 - 1 0 . 1 4 -3 4
5-12  -3 4 .5 - 6 . 7 4 -2 4
5-11 - 3 4 .0 - 3 - 3 4 -1 4
5 -8  - 3 4 .8 4 .9 4 0 4
5 -7  - 3 9 .4 6 .4 4 2 4

| F o | Fc H K L | F o |

3 .5 5.1 4 3 4 13. 1
7 .6 - 9 . 2 4 4 4 8 .5
6 .8 - 8 . 8 4 5 4 6 .9

13.5 - I 8 . 0 5 - 4  4 10.5
6 .5 - 5 . 8 5 -2  4 9 .4

11.0 10.5 5 -1 4 8 .4
3 .8 - 1 . 0 5 0 4 8 .4
5 .0 7 -4 5 1 4 6. 1
3 .9 5 .o 5 2 4 9 .4
5 .5 - 6 . 7 6 - 5  4 7 .0
9 -7 - 1 1 . 0 6 - 4  4 7-0
7 .6 - 9 - 7 6 0  4 6.1

2 0 . 5 2 1 .3 6 1 4 1 1 .0
16.3 22. 1 6 2 4 7 .0
6.1 - 8 . 3 0 1 4 21.9
4 .4 4 .7 0 2 4 2 7 . 8
4 .5 - 6 . 0 0 3 4 10.2
4 .5 - 5 . 4 0 5 4 10.0
7.1 8 .1 0 6 4 1 5 . 5
4 .5 5 .4 0 7 4 8 .3
8 .9 11.4 0 8 4 4 .5
4 .5 - 5 . 3 0 9 4 8 .2
3 .7 1.2 0 10 4 5 .3
4.1 - 1 . 6 0 11 4 4 .9
5 .4 - 5 - 7 0 - 2  4 4 .3

25-7 15.0 0 - 3  4 2 .8
8 .1 7 .3 0 - 4  4 17.5
8 .5 - 4 . 6 0 - 5  4 1 8 . 0

15.2 - 1 1 .8 0 - 6  4 11.5
3 .3 1.5 0 - 7  4 14.1

11.5 - 6 . 9 0 - 8  4 4 .9
37-7 - 2 8 .4 0 - 9  4 11.7

7 .6 - 9 - 5 0 - 10 4 7 .8
7 -9 5-7 0 - 12 4 9 .4

11.2 11.2 0 - 13 4 9 .0
13.0 18.1 0 - 14 4 5 .3
15-7 1 6 .0 1 1 - 4 8 . 2
6.1 6.1 1 2 -4 1 0 .5

35-3 - 3 1 .0 1 3 -4 5-4
2 2 . 2 - 2 0 . 3 1 5 -4 7 -0
35-6 -3 1 .0 1 ' 6 - 4 4 .9
2 9 . 0 - 2 2 .9 1 7 - 4 18.9
45.2 -31 .1 1 8 - 4 12.8

7.1 6 .4 1 9 -4 4 .4
1 5 .0 9 .8 1 10 - 4 11.4
15.7 15.3 2 2 -4 6 .4
8 .9 13.2 2 3 -4 10.9

1 0 . 6 11.1 2 4 -4 13.1
5.1 5 -3 2 5 - 4 3 . a
4 .2 2 .8 2 6 - 4 6 .1
8 .4 -1 1 .0 2 7 -4 5 .1

13.2 - 2 0 . 0 2 8 -4 4 . 9
9-5 - 8 . 9 2 9 -4 6 .4
7-5 - 7 . 7 2 11 -4 7 -6

18.6 1 6 .0 3 1 -4 12.2
2 0 . 9 1 7 .2 3 2 - 4 3.1
2 3 .3 2 7 . 0 3 3 - 4 4 .1
2 5 . 6 2 6 . 0 3 3 -4 6 .4

8 .8 11.5 3 6 -4 18.9
6 .6 - 9 . 8 3 7 -4 8 .8

11.5 -1 9 .5 3 13 -4 9 .0
6 .3 - 9 . 7 4 1 - 4 4 .5

10.2 2 .1 4 2 -4 8.1
6.1 - 5 . 7 4 4 - 4 7 .7

11.5 - 1 1 . 3 4 5 -4 7 .9
8 .6 - 6 . 6 4 6 -4 6 .4
6 .3 -5 .1 4 7 -4 5 .9

26 .3 28 .6 5 2 -4 6 .4
13-3 12.6 5 4 -4 16.7
6 .2 8 .8 5 5 -4 15-0
9 .2 11.0 6 2 -4 4 .9

14.0 11-9 6 3 -4 6 . 0
5 .9 - 5 . 2 6 7 -4

2 0 .1 - 2 0 . 0 7 3 - 4 4 .1
9-5 - 1 2 . 0 7 5 -4 3 .9
9 . 0 - 1 0 .9 1 0 - 4 9 .6
9 .4 - 1 2 .4 1 -1 - 4 7 .7
6 . 2 - 5 . 3 1 -2  -4 1 0 .0
7 . 0 9-0 1 - 3  -4 18.0
6 . 2 8 .6 1 -4  -4 14.3
5 .2 9.1 1 - 5  - 4 2 8 . 0
7 .6 - 5 . 7 1 -6  -4 30.4
6 .6 - 3 . 2 1 - 7  -4 25.9
8 . 0 - 6 . 6 1 -8  -4 11 .0
6 .9 - 3 . 5 1 - 9  -4 14.4
7 . 0 4 .3 1- lo  - 4 1 6 .8
8 .5 7.1 1- 11 -4 1^.7
8 .3 8.1 1- 12 -4 4 .9
7 .3 8.1 2 0  -4 4 .8
7 -3 8 .5 2 -1 -4 15.6
4.1 - 5 . 4 2 -2  -4 10.4
4 .2 -1 1 .0 2 - 3  -4 14.1

17.5 - I S .  0 2 - 4  -4 13.5
1 0 . 2 - 1 2 .5 2 -5  -4 7 .3
7 .5 - 4 . 4 2 - 7  -4 21 .0
8 .9 - 7 . 2 2 -8  -4 1 9 . 6
6.1 5 . 0 2-11 -4 4.3

1 0 .9 14.5 2- 13 -4 4 .7
7-0 7 .9 3 0  - 4 10.7

15 .0 - 1 8 .3 3 -1 -4 3 .o
9 .4 - 8 . 2 3 - 2  -4 1 9 .6
5 -4 - 3 . 8 3 - 4  -4 8 .4
5 .4 - 4 . 2 3 - 5  -4 17.6
6. 1

11.4
- 4 . 3
13-1

3 -6  -4 16.5

Fe H K L |F o  | Fc

14.8 3 -7 -4 5 .5 6.1
11.0 3 -8 -4 14.2 14.9
7 .0 3 -9 -4 1 6 .6 16.4

-1 0 .8 3-11 -4 5 . 4 - 7 . 0
8 . 0 3-12 -4 4.2 - 3 . 4
6 .1 3-13 -4 5.2 - 5 - 9
3 .3 4 -3 -4 6 . 5 - 9 . 0
5 .3 4 -4 -4 9-3 -1 3 .0
9 . 6 4 -5 -4 1 0 .8 -1 5 .2
5 .8 4 -7 -4 6 .4 - 8 . 7
4. I 4 - 9 - 4 8 .5 10 .4

-1 .1 4-10 - 4 5.H 7 .2
-1 1 .0 5 -1 - 4 4 .5 6 . 2

- 8 . 0 5 -2 - 4 1 0 .0 8 .3
-1 3 .9 5 -3 - 4 5.7 5 .4
- 2 4 .7 5 -7 - 4 6 . 7 - 6 . 8
- 1 0 .5 5 -8 - 4 4 .2 -4 .1

7 .7 6 0 - 4 4 .2 - 4 . 0
14.0 6 - 8 - 4 6 .0 5 .9
7 - 5 7 -1 - 4 5 .3 - 6. 1
4 .9 7 -6 -4 4 .2 - 1 . 6
7.1 1 1 -5 6 .6 - 5 . 9
4.1 1 2 - 5 7-5 -7 -7

- 5 . 9 1 4 -5 6 . 0 6 . 0
- 6 . 9 1 5 -5 7-1 7-8

2 .7 1 8 -5 9 . 6 8.2
17.3 1 lo -5 10.1 - 8 . 9
13.7 1 11 -5 4 .0 - 4 . 0

9 . 0 2 1 -5 6 .7 7-2
1 2 .0 2 2 -5 8 .7 8 .2

1.6 2 3 -5 9 . 0 9 .4
- 1 0 .0 2 7 -5 6.8 - 6 . 4

- 5 . 4 2 10 -5 8 . 0 - 4 . 6
-8 .1 3 2 - 5 7 .8 -6 .1
- 6 . 6 3 8 -5 8 . 0 5 .5

4 .8 3 9 -5 9 . 0 7 .4
15.9 4 2 -5 9-7 -8 .1
17.6 1 0 - 5 8 .3 -9 - 5
- 5 . 5 1 -1 -5 17.5 -1 7 .7

8 .3 1 -2 -5 13.1 -11 .1
- 3 . 6 1 -3 -5 4 .4 5 .3

-1 8 .9 1 - 4 -5 8 .5 6 .3
- 7 . 7 1 -5 -5 2o. 1 -14 .1
- 1 . 0 1 -6 -5 9 .5 8 .1
- 9 . 6 1 -7 -5 13.8 12.4
- 9 . 0 2 0 - 5 5 .3 4 .8

- 1 1 .9 2 -1 - 5 4 .3 2 .5
- 1 5 .6 2 -4 - 5 9-8 - 1 0 .3

- 3 . 2 2 -5 -5 2 0 . 5 -2 1 .4
8 .2 2  - 9 - 5 9 .0 6 .4
5 .5 2-10 - 5 6 .4 5 .3
6.1 2-11 - 5 5 .5 6 .6
6 .5 3 0 -5 7 -6 8 . 0
7 .5 3 -1 -5 7 .7 8 .4

- 1 3 .7 3 -2 -5 9-9 12.8
- 3 . 4 3 -3 - 5 11.3 11.7

5 .3 3 -8 -5 7-2 - 8 . 9
5 -3 4 -1 -5 8 .4 - 8 . 4

22.2 5 -4 -5 10.2 -1 1 .0
7 .6 5 -3 -5 7-1 - 9 . 2

- 4 . 0 0 - 6 5 4 .7 6.1
6.1 0 - 5 5 6 .9 - 6 . 6
8 .7 0 -4 5 11.4 - 1 6 .6

- 7 - 9 0 1 5 11.0 2 0 . 0
- 1 0 .3 0 2 5 9 .4 11 .8

8 .3 0 3 5 14.3 17.3
- 6 . 0 0 4 5 13.7 13-7
-7 -1 0  6 5 8 .5 - 6 . 9

- 1 5 .7 0 7 5 7.1 - 6 . 9
- 1 5 .5 0 8 5 8. 1 - 7 . 4

- 5 . 3 0 9 5 1 0. 3 - 1 2 .4
6 .7 1 -7 5 7 .0 - 5 . 8
4 .6 1 -2 5 6. 1 12.3
4 .6 1 -1 5 6 .9 17-0

- 3 - 2 1 1 5 9-5 11.5
14.0 1 3 5 6 .8 5-7
9 .2 1 4 5 6 .4 - 4 . 5

-1 1 .0 1 5 5 9 .5 - 1 0. 6
- 19.1 1 6 5 11.1 - 1 2 .2
- 1 6 .5 2 -7 5 6 . 5 2 . 6
-2 2 .2 2 -6 5 7-0 3-7
-2 4 .3 2 -5 5 7 -5 7 .9
-2 1 .7 2 - 4 5 8 .2 8 .8

- 7 . 6 2 -3 5 5.1 - 6 . 2
13.0 2 -1 5 8 . 0 - 7 . 6
12.5 2 0 5 10.3 -1 2 .4
1 0 .1 2 1 5 9 . 6 - 1 1 .9
5.6 2 2 5 7.1 - 6 . 9
6 .6 2 6 5 7 .2 7 .8

20.2 2 7 5 7 -3 9-5
11.7 2 8 5 1 0 .3 7-7
18.7 2 9 5 7 -9 2 .3
1 6. 0 3 -3 5 11.3 - I 0 . 6
8 .5 3 - 2 5 5.7 - 5 . 9

-1 6 .4 3 -1 5 9.1 - 10 .8
-1 6 .2 3 1 5 5 .3 2 .4

- 5 . 0 3 2 5 6 .9 6 .6
7 -6 3 3 5 6 .3 5-3

-1 0 .  1 3 4 5 8 . 0 8 .3
- 3 . 4 3 5 5 9.1 9-8

-1 4 .3 4 -5 5 8 .8 2 .7
9 .8 4 -1 5 8 .8 8 .7

|4 .9 4 0 5 7 .9 6 .9
1 0 .6 4 6 5 7-9 - 5 . 8
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A Comparative Study of 
1 p 1 9 —Binaphthyl aad the 

P-f©ra of Perylea©



IHfBOBgCHOn
Coulson fea?3 pointed out that a band in a conjugated system 
may be regarded as a superposition o.f a or« bond and a 
fractiona3. T?*~ bond* For a p a rt i c ul a re 'type of hybridisation, 
the length of a bond can be expected to vary with change 
ia rc— bond or&erc Various empirical relationships have 
been suggested to correlate bond length with bond order? 
Since most of the accurate structure determinations have 
involved bonds of intermediate t?~ bond order.*, agreement 
between theory and experiment is very good in this region 
but becomes less reliable for extreme bond ordersn

Bi&aphthylp£p and porylene pO,5 are examples of molecules 
that contain bonds ©f very low t?~* bond order * Both of 
these molecules can b© regarded as composed of two 
naphthalene residues connected by long bonds^

O f i  ■ f T iL  x  J  ^  Jk J
11

k s X . ^  \r-%pr: u5s Jŝ SJ

There are nine unexcited Eelsule structures for each 
molecule fi representing the various combinations of three 
Kekule structures of ©acfe napthalone nucleus* Hone of 
those structures attributes double bond character to the 
linking bonds.-) Thus simple valence bond theory predicts 
that the long bonds are pure S^232~G bonds with
nv vr bomd character • Mol ocular orbital thoovy predicts



that the w-- muJX order will be i c b u t  it cannot be sera 
sineo this theory asotj&ons that there io always c-ime interaction 
between vr- bonds on adjacent atomet.

A study of these two compounds provides a fairly stringent 
test of the hypothesis that the aromatic character of the 
peryleae molecule is localised in the naphthalene residues. 
Pesyleae is planar but bin&pbyhyi is not* 'The angle 
between th® pianosr of the naphthalenic residues is about 
6S°f, sufficiently large to preclude any tl «« bonding interaction 
between th© two ring systems* If there are significant 
differences between the dimensions of the two molecules ̂ 
this could be interpreted as evidence for interaction 
between the mphthalenic residues in psrylene?



THE CBgggj&Ii M m

Tho crystal structure of 1 -3L'{--biasphthyl (ciop-. 14o°C| 
was first established from projection data by Bjowe. Trotter 
and Bobertson (1961)* They have reported that the 
molecular configuration is cis with aa angle about 73° 
between the plasties of the two ring systems r and have 
suggested that the variety of melting points reported in 
the literature corresponds to different crystalline formsr 
Brown has refined the structure in two projections by 
differential synthesis but bis results have not beer* ?mhIir.V‘.ô -

B&dar., Gfeuar Oooko&nd Harris (3.963) have sho\m that 
the compound has at least two distinct crystalline .
The higher melting form (sup* 15T459°C) was prepared by 
deamination of (+)«»4S4 <!«~naphthidiae and is optically aeJdvf; 
¥hea me3.ted and resolidified it io converted into the low 
melting fora (a^p, 149°C)« Xn£ra»?ed spectra of the 
forms are identical in carbon di sulphide,? in carbon to^ra- 
chloride and in eyelohexaue 9 but there is an extra p®a& 
in the solid state spectrum of the lew melting fossa* She 
authors attribute this to G-I out-of-plane vibrations 
canoed by H«„#H and @* * «B interactions inherent in the ci/? 
conf iguration* They suggest that the higher me3.ting foies 
correspond8 to the trgnfi conf 1 gurati on of the molecule.i

By* Harris kindly provided samples of two csysfca.u.y.&e 
modifications of 1 -18-bi^&phtI^i - The Mgh-seltrb^/ >?o;-nvi



class not Bhow extinction wion examined wader & po2,arising
migroscope?» When a “single*5 crystal is photographed by
th©  us irn ! r o t a t io n  method th e  r e s u l t  i s  a r a t h e r  S p o t t y * ’

po^d©r diagramp typical ©f coarse* raad^rnXj-orieatsd
crystallites* Hecrystal3.isat ion from light petroleum
did aot improve the © rystals*

The low-meltisig form crystallises as colourless
plates that show sharp extinction and can be cut without
apparent deformation# Ifeissenberg e-ad precession photographs 

- were
of one of these crystals mounted about its unique axisensed
to check cell dimensions and space group* Cell dimensions
were further confirmed by measuring reciprocal lattice
epacings of high angle reflections on the linear diff raciosvaie

1.1.1c CHZSTAL DATA

Formula

System monoeXinie
Lattice constants a « 20°9Tg A

©
b S3 6*35-3 A

o
c » 10°12g A
0 ssl05a17°

Absent Spectra hkA if h+k odd
hO* if A odd

'volume
Space group



Deasityiobs.' ) 9 ge,/ce
Molecules/ceil 4
BaasS.iy Ccalc * } 1' 217 gia- /ce
Linear absorb?, tion coefficient* b - 0*E6 cm"*

C
( Mo Se. X « 0 71.0 / A)

1 -1 ,2 , ESH.gCSfXON BATA
tHMCga^—*w»saijB>!*%*lKiinmw i wui, ■*-cgHaa»3sMwr^nB»

Bsflectiim data fro© eight m i p z o ^ e l  lattice art#.? 
hOi to h?^r were collected with Mo Is radiation os & 
Hilger-tfebts linear diffractometer of the type drc-c-rilr'*' 
fey Arndt sad P M  H i p s  0-961!* Peek h e i ^ t  end fear I. c rov"-/ 
were measured at least twice for each reflection, Biases 
with intensities smaller than ten eomits per- ®issts were- 
considered unobserved and were net included ia the aefiaeas 
Iiereats-.poiorisatioa corrections were applied te iks2- 
observed data fey computer program oeisg tits- fesc^-Va ayprwp 
to eqni-inclination ¥eissesfearg geosse-fesy-

i«i«3 • w e  Ejhmm-WATTS jxupba& s q m b b bmrtt.tt-^Z&eamm^rr'SiassrvBK: jiuwyan̂ n.. iwgwi...M»i.Ja5»w
The diffractometer is of the 

cew&tos* typo and can fee described as a mechanical esmSv I of 
the reciprocal latticec Its sain ©espoosssts are ttoa-e- 
slidea driven fey a system of tapes- pulleys end gas^.- 
The motions of the crystal and the slides are eao$&ed 'Is 
such a way that any plane:- hk£? can fee fercngbt into tfc 
reflecting position by sotting the coordinates of the 
corrosponding reciprocal"lattice point, ha"1 * kb5":, . &&



on the three slides* The oscillation motor thou rotates 
the crystal through a small arc* .During each oscillation.* 
three counts are recorded* The first and third are 
background counts (time,; t) recorded at the two extremes 
of the oscillation. The middle count (time? 21) is 
recorded while the crystal o sc i H a t  os through a small opre-set 
arc. A minimum of two oscillations.;, on© with each of the 
SsO^SrOg belonged filters, is required to measure peak and 
background for a single reflection. This type of counting 
mechanism should produce similar standard deviations for 
most measurements* HoweverP spring and backlash in the 
mechanisms cause setting errors that increase with decrease 
in the cylindrical coordinate $ S* This has two con sequence ss 
in terms of operation of the diffractometer, it means that 
reflections from planes with low sin ® values mast Im 
measured by hand| in terms of quality of the datar it implies 
that absolute errors in the intensity data will show some 
Systematic dependence on Bin

!o2o B&ZfflSMBaV OF THE STRUCTURE
Brown°s {1961, unpublished) coordinates from 

differential synthesis refinement of two projections were 
used as starting point for the three dimensional refinement 
©f 1o1 8 —binaphihyi* The initial R-value was 36°2^ but 
this was reduced to 18*7$ by three cycles of isotropic full- 
matrix least- squares refinement with Cruiekshank* s (1961)



weighting scheme 5

A t « (l/pj 5- V PgF^ * } } ^  )**

The valuer? «3? the parameters were 3

p-j « 4 e 2 0 „ 0 °0 1 1 , *s Oo
One further isotropic refinement cycle improved E to 14° 6$>t> 

The coordinates of the seven hydrogen atoms ware 
calculated fey hand* When these were included in the 
structure'”?actor calculation., the E-value was 15° 3^- One 
further refinement cycle reduced B to 14°6$* At this 
point, the parameters of the we5lihi-ing scheme were changed 
slightlys

P! 2° 56.0 p^ * 0 C&1 1 , p<~ ** 0 *

The refinement oonftiaued with isotropic- temperature faotcro 
■for hydrogen atoms and anisotropic temperature factors for 
carbon atoms* Because of the sisse of the matrix involved? 
the fe3.ock<--diagossal appro5siiaa.tion was usacL After five 
ayelosjthe refinement seemed t© fee near convergence; the 
E-value had fallen to 9°37$| indicated parameter i?hifta 
for carbon atoms were between 1 / 5 and 1**10 of the corrospas 
estimated standard deviations § end the weighting analysis 
showed that the aver age value of *v.-r& "hms reasonably courts-: 
when analysed as a function of either sia 9/A os?
Mo vever* soeo of the hydrogen a teas showed unli&ely tempo re- 
a a o vi o r 55 * Lind had Ksvcd to unacceptable loce vionc



3tG\?axt * Bavi&son and l;\r.p:.vn O  y$$ | hw o  pointed out
that if hydro gan atou) ftiotorf* calculated from a
simple Is wave fraction are used in Xeasi-s^uares refinement.- 
isotropic temperature factors mil foe abnormally low arid 
the C*-H bond distances will be short® The scattering

infactors used^the prosent calculations are those tabulated 
by Hanson e Herman* Lea and Ski liman (l%4)« Another 
possible source of difficulty is the refinement of oho 
hydrogen parameters Is the choice of weighting scheme * 
Cruickeh&hk9 s (1961) weighting scheme was designed for
film data and Is probably not applicable in this caeo* TL-r
particular parameters used tend to give high relative 
to planes with small intensities*

The positions of the hydrogen atoms wore recalculated
o

by a computer program® Each atom was placed 1 * 10 A along 
the external bisector of the angle subtended at the 
corresponding carbon atom® Further refinement was ait;vnov; ' 
using these calculated positions with a scattering ciu-vo 
appropriate to bonded hydrogen (Stewart ©i alop 1965) and 
a sow weighting scheme of the form*

Ŝf « [l«.espt2 sin^ ® / A*)]**
The anisotropic refinement of carbon parameters eossnmvgot 
in two cycles to an B-v&luo of 9*36$* but til© wo:lgktir,.v 
analysis was not satisfactory, A more successful
wo^glvtivf; sckoao was devised after Gemination of tbs



imveiglived structure factors as a function of the magnitude 
of F , the raaimitn&e of si™ $/A and the index of tlieOPS'' °
recip&roc&l lattice net,, as shown in Table !.,> The 
lvalue is high for reflections with small values of 
The increase ia B with increase ia layer Index is caused 
by th© large number of weak reflections observed at high 
angles* The absolute error isa th© structure factors is 
constant for so at categories of reflections* but increases 
for large values of < W ftad for low values of nia6/1 
The weighting scheme adopted after this examination of ate 
data gives unit weights to most reflections- but

if sin^Q / 0°16 then w  - (sin^ §/ A^}/O'16s

» W  } 2 0  then w » 2 0 / b obsU

Reflections with ^cslc ^©fos ̂ were considered to be
unreliably phased and were given a weight of sero.. This 
effectively removes 4 5 of the 1315 reflections fsswa •:•!*©

prefinement® The value of Cud" was 1545*86*
After two full ■-matrix calculations involving only 

the parameters of the carbon atomsr E was -9• 30$.> Position-
and isotropic temperature factors of hydrogen atoms were 
allowed to refine for four foX©ek*-diagoa&l cycles* Bsf ineau 
was terminated at this x>oint with B.a 8 ° 50$ and SwA*" « 1097 
Indicated shifts of carbon parameters were less than ?./If* 
of the corresponding estimated standard deviations5 ahixi-w 
of hydrogen parameters were between 1/3 and 1/5 of rbo:';./



As function of jpl*?,
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1 *€0 41 “8? 29-47 15-36 11 O' 341 1 - 46
Or? of BGolpBc?€?n.X laOtioe Xjicio'r

'?) ?>9S>53 1636-29 1X6*75 98 0*07 A 7 7 >
P207-SO 2016-72 282*64 3X3 0-077 T v V

A? 25;>3°17 2632 *49 201*32 209 0 -077 V' 7
3 .1792 *01 1741-73 153"26 167 0-08/ 6 - A A

1694°48 1692 *3,2 152-86 i m o h >*ja C>77
- * 1192-88 11~'6°69 137*57 13? © “170 0-77

619-94 'Vo;'-61 183-8? 146 0 "137 ■7 - 7
V 677-23 146-03 18© 0-8” 7



Final atomic coordinates s.wi temperature parameters 
are listed in Tables 2 and 3f- r©spse tivoly* vith standard 
deviations given as units ia the last place 0 Bond lengths 
and aaglesj and their standard deviations are shown in 
Figure X and in fables 4 and 5»

Th© molecular structure of 1* 1 v ~biJ2apkihyl viewed 
in projection along the & asis is shown ia Figure 2,,
The planar naphtha!eae residues are linked by a bond across

C
the diad asio., b« The length of this bond (1•475x0*005 A)

©is very d o  so to the value of 1*479 A predicted by Devar
°and Schsieisiag (1959} and to the value of 1°477 A predict©??, 

by Pauling’s mothed with a new ordor-length curve 
(Cruickshank and Sparks9 I960)*

The equation of the best plans through the naphthalene 
nucleus is

0*0512X * 0»55%E - 0*82728 » -1»6754 
whore 7 and 8 are orthogonal uses defined in the 
following formulae 5

X ** nx ** jg-Bcoofi 1

^ ** by j
j^ssinp %

Deviations from this plane are shorn in Table B r A l(x' 
test with 7 degrees of freedcm has a significance level 
of 0*10,: indicating that the naphthalene ring systems



are essentially planar* xf is mov̂ x plane is calculated 
through either of the bour-ioae rings of the B&phibGlcme 
system? three of the carbon atoms iu the other ring show 
very large deviations froa that planes fhis does not 
imply that the naphthalene system is buckled; it just 
shotfs that the tth©at“ planes through the individual rings 
are slightly different fron the best plane through the 
whole system.

In fables & and ?* some of the more important iutra - 
and inter*molecular contacts ar® shown* Primed numbers 
refer to atoms whose positions are generated by th© symmetry 
op©ration of the died a*;is® It seems likely that tke 
moBt important intra^moiecular forces are carbon--carbon 
repul ©ions between C {2 ) a«<? G f 2 )5 s, 0 (8 ) *. * 0 ( 8 )9 * and C* <8 >, ,«v I « 
whereas* the most important int©r-ffioXecmX ar forces ari&e 
from the very large number of €E •? .-.H interactions* Each 
naphthalene residue has 32 non-hondod C». J  contacts shorts.?*

othan 3 ° 5 0 A<. fh© compromise between inter- and intra
molecular forces produces an angle of 6 8 ° between the planer 
of the two ring systems*

Baclar et alt(1965) have interpreted the solid stab? 
Cirojol mull) infra-red spectrum of the low melting form 
of 1., 1 9 -binaphthyl ia terms of a short non-bonded contact 
between H(1T) sad (?(8 8 )« Present calculations show that 
H(i7) has two short intra-moXocula? contacts* and fouv 
inter-molecular contacts with th© portion of the raolocuio



at ~*p~y»~8 ia coil
H ( 1 7 ) « o = C ( 9 ) ’ 2-82.3 A H ( 1 7 ) . . . C ( 8 >  2 - 9 9 1  A

, . » C { 8 ) '  2 - 9 9 1  ,C { ? )  3 -0 5 7

, . ,= .0 (17 )  2°  464

oc J l { X 6 )  2 °5 5 5

The extra peak in the sj>ectrum of the low melting fossa
may he caused b y  0OO*H interactions but both inter- and 
iatra^moloeul&r contacts are involved* This would seem 
to cast soma doubt on the argument that the high melting 
form must have a trass- configuration since it lacks this<ma3tsj?.w«5idascii>

peak in its spectrum0 The authors have reported that 
the high melting form is optically-active* This implies 
that it cannot crystallise in a ©ent ?osymmetric space 
group* Any crystal modification that reduced the number 
of Co.-H contacts would probably reduce inter-molecular 
repulsion forces* If this allowed the angle between 
the planes to expand? it would decrease the i a t m  -moleenla 
interactions involving H(17)« It is not necessary to 
postulate a change in molecular configuration to explain 
the differences in the two spectra* , However? the point 
will remain wnot proven’1 until suitable crystals of the 
high melting polymorph become available for X~*Eay analysis

1 ,4a  COMPABXSOH OF TBBOBK M B  BJKEftlMBN*

Cruicfeohank and Sparks (i960) have shown that
Pauling valence bond theory end Huckel molecular orbital
theory give vesy good agreement with experiment for



n a p h t f c a l & n o a n d  ?c;cl era o alternant hydrocarbons 
They have recoisston&cd that a correlation of the fora*

S’ » ?." 477«-< W T Y -1-337) ? °333p

0'333p ; 1 r

be used for valence-bond calculations* and have suggested 
that a linear variation between Ei~Gr 40 at y » 1*46 and 
m 5s 0 °85 at r * i°34 would improve the performance of 
simple molecular orbital theory* In those relationships 
S’ is the bond lengthyp is theft -bond order calculated b ; r  
the Pauling superposition method and m is the ft -bond nrd'.vr 
calculated by the molecular orbital method* Trottor 
(1964) has recently used these order~iength correlations 
to compare theoretical predictions with experimental roo',u 
for a large number of aromatic molecules*

Table 9 shows ft-boncl order a for the various forda 
in the asymmetric unit of 1 P1 ; -4>£»aphthyl * The at̂ aboyi-sitf 
used corresponds to the normal convention for naphthalene .• 
The bond orders quoted here have been taken from
Goulson and Str-eitwieser (196^)

Valence bond tfeeosy predicts that the hond-longths 
in tho naphthalene nuclei of 1 *1 ®-hinaphthyl will ba 
the sauie as those in naphthalene itself* For this reason 
it is interesting to compare tho lengths obtained in the 
present study with the values obtained by' Cruxckshen!: -'-a 
Sparks for naphthalene and with thoae predicted by the i~;o



A l(\eot with 10 degrees of freedom ohovs that the 
dimensions of the aagtkaXenie residue are not significantly 
different from chose of naphthalene® However-. the 
differences between observed and theoretical values are 
highly sigiJ.ifiass.to In both eases* agreement is uorae 
for the short bonds than it is for the long ones and the 
major sourceg of disagreement is the very short €(5 ) -(!{& ) 
bond® vb is likely that the discrepancies will be 
reduced when the experimental values are corrected for 
vibrational oscillation® Some of the beads that sho?
Tjarst agreement are the ones likely to be most affected 
by this correction®
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1*1 -->Binap?tiiJtyl: ffixiB.% 
Staadaied A ev& at& ia®  at.

C(%) 0103550( 10'
c (a ) 0.06035(12, 
c m  0 , 12841( l 4 
C(45 0.l7o47(i2 
CIS) 0 . 18919(11
c (6 ) 0.16698(13}
c m  0 . 09933( 13)
C(8 ) 0 ,05?->4( 10i
0(9) 0 .07905( 10)
C iio ) 0 j 4T0g ( l0 )

fee.atiSia2. Aftcstis Cee?aiaaSo~ , 
s fiiwaa aa anifca So tha lasts place 

H
0 .1 0!

, ,

-0.06107(48, 
0.08794(48
0.41283(47
0 .5 8 8 9 5 (4 ?
0.57349(44
o.6'^o3o(4o' 
0,26431(38
0.25500(41

>98(25)
385(29}OalJ

0 , 195119(3 t
o,k6^Hz9] 
o 1 0 5 3 1 (2 9 )
0,^7141(30)
o ,^6 8 5 0 ?£9>
o ..,/jS^!'
0-..3

Final ocm<d&ial2d£ arci isotzopi® fsas&g&'irjx'o parap3fce*rr* 
fto tSae &3f€!5mgera afcoEia. n

H ( i i )  0,0301
H i 121 O d fe ;
H tiS i 0,2179(18]
HI 14) 0.2320(18' 
Hi 15) Oc 1985( 17] H1163 0.0827(16 
H{17) 0.0152(16)

^l5S-{%]
0̂ ,1 6 7 3 (5 5 ;0 ,0827(58.
0 ,4 0 0 7 ( 6 0
0 . 6831( 56,
0*6920(53]
o-,43&2(57]

0;.l337i3o*
0.?4£M^ T
O.S679(;w^
O o W b L w ' i
0,5195(36)
0.5l6?(h3)
0 .3 0 3 -i ;,• >

O
0.05*7
0^0579c-o^o0,05~VI
o.QhiB
0 05'o

0(1)
Cf2)
0(^1
c (65c m0C8 )
C(9i
0 (1 0 )

ij
0*0303
Qc 
0<
0o0262
0,0359
0 * 0 3 8 0
0.0270
o.oiao

XI
0,0360
0.0432
0 . 0 5 2 60,0566
0.0501Oo046i
0.0435
0.03950o045i

y
0,0370
0,0501
0.0542
0*0492
0,05^9
0v0457
C-o4o70*0332
Do0570

so**
0.0071
-0.0071~0*00?8
0,0l40
-0,0042
-0.0115
-0,006a
0,0093
0,0174

0 . 0  - 
0 , 0
0,0J.0.0149
0*01£5
0,0186
0,0S4l
0.0158
0.0.8i?

an.x
0,0051
0.0114
0^03S5 - -0,0040 
-0*019$-0,0(369
-0,00130.0090
0,O0©£
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Table h

10 1 s. B and L e n g t h  <>

S M a M  deviations are g iv s n  ass
\m l t s  i n  the  las ts  p la e e *
ccr
C{?
Cl
Cl
Cl , c(io)
01
C(g
01 
Cl
c (9 )  C ( l6 )

3538 i

1 )

1.4127(39, 
1.41351

1*4037(38!
1.3590(37,
i .4 is 3(35,
1.4162(29)
1.4328(32)

Bondb-C V f
m  1 i
m  i s

0 .3 8 3 (3 1 > 
0 .9 2 9 (3 5 ) 
0 .9 8 9 (3 7 )
0.904(37)
0.995(36)0.987134)
0.889(34)
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1^1-BimphtIhyls Xn&a-saolea’ialas? ©onfeaofcs <3*50 A®
2 A % S  
2,934 
2,593 
2 . 6 3 1  
2.971 3*008 
3el07 
3.470 
2,999 
3*321 
3*333 2.813 
3*277 
2.991 2,906

©eaafcaets* Ecpi^al@nt position 
siimbaifB to tin© following ts*an3 f @£®ati©n8

n

1* x ^ s 0 2* y P 1/2-s 
So «z
4. sc# -y^ ®l/a*z

5 . i/a+a* i/a*y* s
6 . 1/ 2 -x* t/aty* 1/2 - 2
To i/a«2£* i/2 -y*-z ,
8c l/a-tx* l/2 ~y*> -1/2*3

eesataeta < 3<
H

15

8

C«C @©nta©ta <

A,

H«H ©oBta©ts

4
4
4
4
h
I6

4

,60 A< 
1
1
7
1

go50 A, 
3

0# 1 0 O  

Q & 1 g O

_ 0 / 5  1 # 0

((Of>uo
(0 0 1 * 0
(o*o*i
0# 1 0 1 I
( Of) 1 0 1
( O f )  0 / 5  1) 

(0 e1 »0 j

l0 ^ — 1 ®0 (
,0/5 — 1 f.0 , 
OsOelJ
,0 P1 «0 | 
t0 p 1 so 1

3 . 1 0 0
2 . 5 8 3  
S. 9SZ 
3 .0 *t0  
3.051 
2.958  
3.135 
3.05? 2.999 
3 .i4 o

,0 £jl p

3.600
3.580
3 . 5 5 0
3.580
3.600

2.46



fxmi t&o p’Icaig? n.5?e ati^n in *rn 
angs t%-&m K lO^o
A® Plan© thsraagfr naphshalon© irssi&ues

0*0512X + 0*559& - 0*82722 - -1*6754
B* Flan© fctocnagh at®B3 102^30459^1O:

0.0567X + 0*55*4? « 0*83032 « «1®6??4
Go Plane tfesmigta a t o ®  *

o«o4?lX + o®5693¥ - 0*82372 ** -1.6536

0(1) 99
0 (2 ) « 6
Clc m  -ii
c te ;cf si —6
0  
c
c f9 - %0(10) 110
Root saean sqm r© cla¥ia%icm fs'om plasiss

B c
10 314 -222
1 ~%QG

«4o -3713a 16
*197 12396 <=»g||
299-48 22
63 -32
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j
9

1 » If ~ B c M  D ^ t e .
ttegsal m p M & a l e & s  m&sborisig is t\s6&«

V.B#
Oc6 6 ?
0.3330,66?
0*333
0,333
0,333
»  
0 ̂ 333 
0,333 
0,333 0,000

0*659
0.6210.712
0.550
0*5340*722
o.6 o?
0 .717
0 ^ 9
0 . 5 2 30.507
o . w

M b i e  1 0 .
A ©f I10M  le^gfefes*

TcB<

o
1 s.«soft
1 , 3 5 9
1.413

1,364 I .
1.415 1,
1,364 1c
1.421 1c
1,421 1c
1. S64 1*
1 .415 1.
1.364 1.;
1.421 n
1.418 1.
1.421 !•■

•Hoot m®wa scpai?© dif£@-3F@&@§ 
o?oo9

421 
421 

1.477

0*014

IIoMoQo
1*391
1.401
1 o377
1.420
1.419
1 o3?4 
1.405 
1.37 6 
1.415 
1.42? 
1 .432 
1*459

0 , 0 1 5
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1 ,1— Binanhthvl Structure Factor Tables r>td
H K L |Fo| Fo H K L |?o| Fo

18 2 3 1 0 .7 -11.3 9 3 8 4.9 4.2
12 2 3 2-? 2 .1 11 3 7 5.7 5.6
10 2 3 25.4 -23.4 9 3 7 17 .1 -17.48 2 3 43.2 -40.2 7 3 7 1 2 .5 -1 3 .06 2 3 23.8 24.0 3 3 7 24.9 -25.14 2 3 26.7 24.8 1 3 7 30.4 3 0 .12 2 3 14.8 14.8 -1 3 7 69.2 70.30 2 3 54.4 56.4 -3 3 7 7.2 -7-9-2 2 3 6.7 -8.5 -5 3 7 11.8 -11.6-4 2 3 42.7 42.0 -9 3 7 23.8 -25.4-6 2 3 26.7 2 5 .7 -11 3 7 5.8 -6.6-8 2 3 28.5 -2 7 .7 -15 3 7 5.3 -6.6-10 2 3 4.3 5 . 9 -17 3 7 4.0 5.1-12 2 3 22.0 -2 1 .5 -19 3 7 3.7 2.8-14 2 3 32.8 -33.6 -27 3 6 3.1 -1.5-18 2 3 6.5 6.4 -11 3 6 5.6 -6 .0

- 2 6 2 3 2.8 3-7 -9 3 6 5.6 -5-1-28 2 2 6.0 6.6 -7 3 6 3.2 -2.3-24 2 2 8.2 -8.3 -5 3 6 5-I -6.2-22 2 2 4.7 -3.9 -3 3 6 8.8 9.9
- 1 8 2 2 4.8 -3.8 -1 3 6 21.9 22.0
- 1 6 2 2 10. 1 11.0 1 3 6 3.6 3.4-14 2 2 7-1 7.0 7 3 6 8.8 -7-9-12 2 2 4.8 -5 .0 9 3 6 5.4 -5-5-10 2 2 1 0 .7 12.3 11 3 6 2.7 -2 .7-8 2 2 2.3 -2.7 19 3 6 3.1 -2 .5-6 2 2 33.2 -3 0 .9 19 3 5 13.1 14.0-2 2 2 22.1 21.2 17 3 5 5-9 5.60 2 2 15.5 14.5 15 3 5 7.4 -6.22 2 2 33.8 -3 2 .7 13 3 5 7.7 -8.44 2 2 35.6 -3 3 .8 11 3 5 15.2 15.?6 2 2 25.0 2 3 .6 9 3 5 2 6 .9 27.48 2 2 2.8 -3 .7 7 3 5 9.7 -9.410 2 2 7.5 7 .1 5 3 5 1 0 .0 -1 0 .012 2 2 4o.2 38.6 3 3 5 6.1 -6.614 2 2 4.5 -5.1 1 3 5 37.5 -37.5

16 2 2 2 7 .6 -27.3 -1 3 5 It -3.818 2 2 4.3 -3.6 -3 3 5 6.4 7-020 2 2 9.7 9.4 -5 3 5 5-3 -5.222 2 2 4.9 5.0 -7 3 5 10.2 9.1
26 2 2 3.6 4.4 -9 3 5 2.2 1.424 2 1 6.7 -7.8 -11 3 5 4.0 4.222 2 1 8.6 -7.9 -17 3 5 7.7 8.420 2 1 11.8 11.7 -21 3 5 8.6 8.718 2 1 10.2 -9.4 - 2 3 3 5 6.5 5-7
16 2 1 18.4 1 8 .2 - 2 5 3 5 13.9 -12.314 2 1 42.6 43.1 - 2 7 3 5 5.8 -5.512 2 1 2.9 -3.9 - 2 5 3 4 2.9 -1.910 2 1 4.4 2.9 - 2 3 3 4 5.8 -4.78 2 1 2.3 -0 . 3 - 1 5 3 4 12.0 1 0 .94 2 1 16.5 -15.6 - 1 3 3 4 13-1 13.10 2 1 1 5 .0 13.9 -11 3 4 3-6 -2.6-2 2 1 31.3 -25.3 -9 3 4 3.7 -3.2-4 2 1 19.9 -1 9 .8 -5 3 4 5t -5.8-6 2 1 5.0 5.2 -3 3 4 2.6 -1.8-10 2 1 1.5 -0.3 -1 3 4 7 .5 -4.5-12 2 1 17.3 -18.1 1 3 4 2.2 -1 .9-14 2 1 4.4 4.7 3 3 4 6.1 5-5

- 1 6 2 1 37.9 38.3 9 3 4 7-7 5.4-18 2 1 5.9 7.0 13 3 4 4.4 -3 .6-22 2 1 6.2 7.3 15 3 4 3.2 2.2-24 2 1 12.5 -11.9 17 3 4 3.4 4.2
- 2 6 2 1 3.5 -3.8 19 3 4 3.4 3.5-28 2 1 3.4 -1.8 23 3 3 5-l 5-128 2 0 4.4 -6.8 21 3 3 12.6 -12.5

26 2 0 13.5 -14.1 19 3 3 8.9 -8.924 2 0 3.7 -1.6 15 3 3 9t -9-322 2 0 2.4 -0 .4 11 3 3 2.6 0.2
18 2 0 24.6 25.8 7 3 3 1 1 .9 10.0
16 2 0 17-2 1 8 .9 5 3 3 8.3 5 .714 2 0 25.3 -27.0 3 3 3 14.7 -14.812 2 0 12.9 -13.3 1 3 3 18.3 -2 0 .110 2 0 5 .0 -5.9 -1 3 3 1 8 .6 21.28 2 0 25.4 -24.8 -3 3 3 6.9 7-26 2 0 12.0 11.7 -5 3 3 7.1 7.54 2 0 6.3 3.6 -7 3 3 31.4 29.71 311 4.0 4.5 -9 3 3 2.9 -2.2-7 311 2.6 2.2 -1 1 3 3 18.3 1 8 .6-11 311 4.7 -3.6 -13 3 3 7.6 7-2-21 311 11.2 -10.0 -15 3 3 6 7 .0 -67.7-21 310 3.6 -2. 1 -17 3 3 24. 1 -24.6-19 310 2.7 -3.2 - 1 9 3 3 19.4 Tt-11 310 2.5 -2.8 -21 3 3 6.4 -5-8-9 310 3.1 -2.4 -23 3 3 15.1 14.6-1 3 10 3.8 3.7 -25 3 3 1 7 .4 1 6 .79 310 3.2 0.7 -27 3 3 4 .5 -4.67 3 9 3.8 3.4 -27 3 2 2 .9 0.23 3 9 4.1 3.6 -25 3 2 3 .0 4. 5
1 3 9 10.3 1 0 .6 -23 3 2 4 .4 4.1

-1 3 9 20.5 -2 1.5 -21 3 2 2 .8 4.2-3 3 9 19.7 -19.4 -17 3 2 4 .8 -5.0-5 3 9 4.3 3 .2 -15 3 2 14.8 -14.3-7 3 9 1 0 .5 -1 0 .9 -13 3 2 1 6 .2 -1 6.5-9 3 9 7.1 7.1 -11 3 2 3-6 -3.6-11 3 9 2 2 .9 24.4 -9 3 2 4.7 4.2-15 3 9 6 .2 -6.8 -7 3 2 3.9 4.1-19 3 9 1 0 .6 9.0 -5 3 2 1 8 .0 1 7 .0-21 3 9 7.7 7.2 -3 3 2 17.9 1 6 .8-23 3 9 7.2 -8 .0 -1 3 2 2.6 -3 .0-19 3 8 2.6 2.9 1 3 2 1U.0 -9 .2-17 3 8 3 .8 -3.0 5 3 2 6.4 It-15 3 8 3 .5 -3.3 7 3 2 3.1 -3 .6-13 3 8 4.7 4.2 9 3 2 2.8 2 .7-11 3 8 8 .0 7.9 11 3 2 3.4 3 .1-9 3 8 3.6 2.9 19 3 2 It -6 .2-3 3 8 7.1 -7.7 25 3 2 3.4 0 .3
-1 3 8 12.0 -11.4 23 3 1 2.7 It1 3 8 7-9 -8.2 17 3 1 6.8 7 .65 3 8 3-4 4.2 13 3 1 2.0 1 .77 3 8 3-9 3.1 9 3 1 11.9 n.i

H K L |F o | Fo H K L H Fo

7 3 1 28 .4 2 7 .4 -22 4 4 2 . 6 2 .0
5 3 1 27-3 -2 6 .3 - 1 6 4 4 2 2 . 7 21.5
3 3 1 31.9 -2 9 .1 -14 4 4 1 1 . 3 11.0
1 3 1 3 .4 5 .3 -12 4 4 6 . 2 - 6 . 0

- 3 3 1 0 .9 •1 .3 -10 4 4 2 .9 3.1
-5 3 1 8 0 . 5 -8 8 .6 -8 4 4 4 .6 - 3 . 0
-7 3 1 1 6 .5 -1 5 .5 -6 4 4 1 0 .5 - 9 . 4
- 9 3 1 17.6 15.1 - 4 4 4 6 .4 7 .2

-11 3 1 16.7 - 1 6 . 9 - 2 4 4 10 .0 11.1
-1 3 3 1 51.9 51.8 0 4 4 19.5 - 1 9 .6
-1 5 3 1 46.7 46.1 2 4 4 2 5 . 6 - 2 7 . 2
-1 7 3 1 2 5 .4 -2 4 .2 4 4 4 2 .2 1 .8
-1 9 3 1 7 .4 - 7 . 2 6 4 4 2 .8 2 .3
-2 3 3 1 10.7 - 1 0 . 9 8 4 4 3 .6 3 .5
-2 5 3 1 2 .9 2. 1 10 4 4 11.0 1 2 .2

27 3 0 3.7 - 1 . 3 16 4 4 1 .8 1.5
23 3 0 ? - 3 - 2 . 6 18 4 4 4 .5 4 .6
15 3 0 14.1 14.3 20 4 4 5 .8 5.2
13 3 0 1 0 . 2 11.3 22 4 3 3-7 3 .6
9 3 0 2 .9 3 .2 20 4 3 3 .7 I'9
7 3 0 9 .9 -9 .1 18 4 3 7 .9 - 6 . 7
5 3 0 17.7 -1 6 .4 16 4 3 5 .8 - 4 . 7
3 3 0 1 0 . 5 - 9 . 2 14 4 3 3 .2 3 .5
0 4 11 5 .4 6 . 0 12 4 3 8 . 0 9 . 0

-2 4 11 7 .2 7 -3 10 4 3 7 .4 -8 .1
-4 4 11 2 . 6 - 3 . 3 8 4 3 1 6 .0 - 1 6 .2

-1 0 4 11 1 0 . 6 - 1 0 . 6 6 4 3 8 .7 8-5
-18 4 11 3 .7 - 2 . 2 4 4 3 6 .5 5.7
-20 4 10 7 .o - 5 .1 2 4 3 3.0 - 2 . 5
-12 4 10 4.1 - 4 . 2 0 4 3 1 0 .2 11.7
-10 4 10 6. 1 - 6 . 3 -2 4 3 4.1 3.8

-6 4 10 3.1 - 2 . 4 -4 4 3 27.0 26 .4
-4 4 10 3.2 3-2 -6 4 3 9 .5 8 .7
-2 4 10 14.0 i4 . o -8 4 3 22.1 -2 1 .8

0 4 10 3 .8 1.9 -12 4 3 1 6 .0 -1 5 .5
2 4 10 3 .6 - 4 . 5 -14 4 3 17.3 -1 7 .4

12 4 9 3.2 1 .8 - 1 6 4 3 15.4 15.1
10 4 9 4 .3 5-4 - 1 8 4 3 9-7 9-7
8 4 9 7 .0 7 . 0 -28 4 2 3.4 - 1 .9
6 4 9 6.1 - 6 . 0 -24 4 2 8 .9 9-5
2 4 9 7.1 - 7 . 6 -22 4 2 5-5 5-3
0 4 9 24.4 - 2 5 . 2 -20 4 2 4.6 - 4 . 6

-4 4 9 1 5 .6 1 5 . 6 - 1 8 4 2 7 .6 7 .7
-8 4 9 4 .6 4 .7 - 1 6 4 2 13.0 - 1 2 .5

-12 4 9 4 .0 - 2 . 8 -14 4 2 2 8 . 9 - 2 8 . 6
-18 4 9 3 .2 - 3 . 3 -10 4 2 3.2 -3 .1
-22 4 9 6 .7 5-2 -8 4 2 4 .2 - 4 . 0
-24 4 9 3 .3 2 .0 -6 4 2 2 5 . 2 23 .9
-20 4 8 8 .6 7 .4 -4 4 2 11.4 1 0 .5
-18 4 8 5 .6 4 .8 -2 4 2 T 3 - 3 . 4
- 1 6 4 8 3.4 - 1 . 7 0 4 2 6.7 -6 .1
-12 4 8 3 .6 3 .3 2 4 2 11.1 1 0 .0
-10 4 8 12.8 13.2 4 4 2 2 3 . 6 22 .6

-6 4 8 4 .5 -5 -1 8 4 2 2 .3 1.4
-2 4 8 14.9 - 1 6 .0 10 4 2 2.2 - 1 . 5

0 4 8 16.4 - 17.1 12 4 2 1 9 .0 -1 9 .5
2 4 8 2 .8 3 .6 14 4 2 7 -9 - 8 . 3
8 4 8 6.6 8 .4 16 4 2 7-7 7 .3

12 4 7 3.2 - 3 . 9 20 4 2 7 .8 -7 -3
10 4 7 8 .9 - 8 . 9 24 4 1 6 .7 - 7 . 2
8 4 7 5.1 4 .7 22 4 1 3-8 -5 -3
6 4 7 5.1 5 .4 20 4 1 9.1 7 .4
2 4 7 2 . 2 1.5 16 4 1 17.9 17-4
0 4 7 8 .5 - 8 .1 14 4 1 2 6 . 8 25-9

-2 4 7 3 .8 3.0 12 4 1 13.5 - 1 2 .6
- 4 4 7 5-6 5 .8 10 4 1 8 . 0 - 7 . 2
-8 4 7 9-9 11.1 8 4 1 3.6 - 4 . 3

-12 4 7 11.9 -1 3 .2 6 4 1 36.4 -3 4 .0
-20 4 7 7 .o - 5 . 4 4 4 1 3-7 - 3 - 7
-22 4 7 5.1 - 5 . 8 2 4 1 22.2 24.5
-24 4 7 6 .5 7.1 0 4 1 7-9 8 .4
- 2 6 4 7 6 .8 2 .6 -2 4 1 8 .8 -7 -3
- 2 6 4 6 4 .9 4.5 -4 4 1 1 .6 - 1 . 6
-22 4 6 2 .7 1.7 -6 4 1 8 .1 7-7
-20 4 6 2 .7 - 1 .0 - 1 0 4 1 2.5 -3 -8
-18 4 6 14.0 -1 2 .7 -12 4 1 2 1 . 9 - 2 0 . 9
- 1 6 4 6 7-2 - 6 . 3 -14 4 1 5-9 - 4 . 6
-14 4 6 7 .3 7 .6 - 1 6 4 1 32.2 31.0
-10 4 6 8 .7 -1 0 .4 -18 4 1 7 .4 7 .8

-8 4 6 6 .6 - 8 . 2 -22 4 1 8.1 8 .4
-6 4 6 2 .0 2 .0 -24 4 1 9.4 - 9. 1
-4 4 6 5.4 - 4 . 5 - 2 6 4 1 6 .7 - 6 . 4
-2 4 6 9 .4 9 .6 28 4 0 3.3 1.7

0 4 6 3 0 . 8 31.9 22 4 0 2 .6 - 2 . 5
4 4 6 4.1 -5 . 2 20 4 0 3 .4 1. 0
2 4 6 3-2 2 .6 18 4 0 7 .7 - 7 . 3
6 4 6 3.4 3 .4 16 4 0 3.1 1.3
8 4 6 11.6 -1 1 .2 12 4 0 12.1 U . 5

10 4 6 7.1 -7 - 3 10 4 0 8 .8 - 8 . 5
18 4 6 4.1 - 5 . 0 8 4 0 8 .3 7 .4
12 4 5 5-9 -6 . 5 6 4 0 15.3 - 1 3 .0
8 4 5 6 .6 7 .4 14 4 0 32.7 3 u .7
6 4 5 2 .1 2 .4 4 4 0 22 .5 -1 8 .4
4 4 5 12.4 11.8 1 5 9 3-8 -1 . 7
2 4 5 30.8 31.7 -1 5 9 5. 1 5.2
0 4 5 20 .3 -2 1 .2 -3 5 9 4 .3 2 .2

-2 4 5 35-8 - 3 6 . 8 -7 5 9 4 .9 - 4 . 4
-4 4 5 1.9 - 1 . 7 -11 5 9 2.7 3-7
-6 4 5 13.7 -1 4 .3 -15 5 9 4.5 2 .0

- 1 0 4 5 12.3 13.6 -21 5 9 3.3 - 0 .6
- 1 2 4 5 2 .7 2. 1 -23 5 8 2.8 0 . 8

-14 4 5 25-4 24.8 -21 5 8 3 .2 . 4
- 1 6 4 5 12.5 13-0 -19 5 8 2.8 -0 . 2
-18 4 5 19.3 -1 9 -5 -17 5 8 12. 1 11.2
-20 4 5 3-4 -3 -9 -15 5 8 4 .9 4.9
-22 4 5 3.4 - 2 . 9 -13 5 8 6 . 0 - 5 . 4
-24 4 5 8 .6 -8 . 6 -11 5 8 2 . 8 .0
- 2 6 4 5 5-1 4.2 -9 5 8 3 .2 2. 1
-28 4 5 5.0 4 .8 -3 5 8 2 .5 - 0 . 9
-24 4 4 9 .5 -9 . 2 1 5 8 2.8 -4 . 2



- !  14 -

1 , "I.-Binaph t hy 1 St ruc ture Factor Tab 1 e s Ptd
H K L 1 Fo| Fo H

18 2 3 10.7 -1 1 .3 9
12 2 3 2 t 2.1 11
10 2 3 25-4 - 2 3 . 4 9
8 2 3 43 .2 - 4 0 .2 7
6 2 3 23 .8 2 4 .0 3
4 2 3 2 6 .7 24 .8 1
2 2 3 14.8 14.8 -1
0 2 3 54 .4 56 .4 -3

- 2 2 3 8 .7 - 8 . 5 - 5
- 4 2 3 42 .7 42.0 - 9
- 6 2 3 26 .7 25 .7 -11
-8 2 3 2 8 .5 -2 7 -7 -1 5

- 1 0 2 3 4 .3 5 .9 -1 7
-1 2 2 3 2 2 .0 - 2 1 .5 -19
-1 4 2 3 32 .8 - 3 3 . 6 -27
-1 8 2 3 6 .5 6 .4 -11
- 2 6 2 3 2 .8 3 .7 - 9
-2 8 2 2 6 . 0 6 .6 -7
-2 4 2 2 8 .2 - 8 . 3 - 5
-2 2 2 2 4 .7 - 3 . 9 -3
- 1 8 2 2 4 .8 - 3 . 8 - 1
- 1 6 2 2 10.1 1 1 . 0 1
-1 4 2 2 7 - 1 7 . 0 7
-12 2 2 4 .8 - 5 . 0 9
-1 0 2 2 10.7 12.3 11

-8 2 2 2 .3 - 2 . 7 19
- 6 2 2 33 .2 - 3 0 . 9 19
-2 2 2 22.1 21 .2 17

0 2 2 15.5 14.5 15
2 2 2 33.8 -3 2 .7 13
4 2 2 35.6 - 3 3 .8 11
6 2 2 2 5 . 0 2 3 . 6 9
8 2 2 2 . 8 - 3 . 7 7

10 2 2 7 . 5 7-1 5
12 2 2 4o .2 38.6 3
14 2 2 4 .5 -5 .1 1
16 2 2 2 7 . 6 - 2 7 .3 -1
18 2 2 4 .3 - 3 . 6 -3
20 2 2 9 . 7 9 .4 -5
22 2 2 4 . 9 5-0 -7
26 2 2 3 . 6 4 .4 -9
24 2 1 6 .7 - 7 . 8 -11
22 2 1 8 .6 - 7 . 9 -17
20 2 1 11.8 11.7 -21
18 2 1 10.2 - 9 . 4 - 2 3
16 2 1 18.4 1 8 .2 - 2 5
14 2 1 42.6 43.1 - 2 7
12 2 1 2 .9 - 3 . 9 - 2 5
10 2 1 4 .4 2 -9 - 2 3
8 2 1 2 .3 - 0 . 3 - 1 5
4 2 1 16.5 - 1 5 . 6 -13
0 2 1 1 5 . 0 13-9 - 1 1

- 2 2 1 31-3 -2 5 .3 - 9
- 4 2 1 19.9 - 1 9 . 8 -5
- 6 2 1 5 .0 5-2 - 3

-10 2 1 1.5 - 0 . 3 -1
- 1 2 2 1 17.3 -1 8 .1 1
-14 2 1 4 .4 4 .7 3
- 1 6 2 1 37-9 38 .3 9
-1 8 2 1 5 -9 7 .0 13
-22 2 1 6 .2 7 .3 15
-24 2 1 12.5 - 1 1 .9 17
- 2 6 2 1 3 .5 - 3 . 8 19
-28 2 1 3 .4 - 1 . 8 23

28 2 0 4 .4 - 6 . 8 21
2 6 2 0 13.5 -1 4 .1 19
24 2 0 3 .7 - 1 . 6 15
22 2 0 2 .4 - 0 . 4 11
18 2 0 24 .6 25-8 7
16 2 0 17.2 1 8 . 9 5
14 2 0 25 .3 -2 7 .0 3
12 2 0 12.9 - 1 3 .3 1
10 2 0 5 . 0 - 5 . 9 -1
8 2 0 2 5 . 4 - 2 4 .8 -3
6 2 0 12.0 11.7 -5
4 2 0 6 .3 3 .6 -7
1 3 11 4.0 4 .5 -9

- 7 3 11 2 .6 2 .2 - 1 1
-11 3 11 4.7 - 3 . 6 -1 3
-21 3 11 11.2 - 1 0 .0 -1 5
-21 3 10 3 -6 - 2 .  1 -1 7
-1 9 3 10 2 .7 - 3 - 2 -1 9
-11 3 10 2 .5 - 2 . 8 -21

-9 3 10 3. 1 - 2 . 4 -23
-1 3 10 3 .8 3 .7 -25

9 3 10 3 .2 0 .7 -2 7
7 3 9 3 .8 3 .4 -2 7
3 3 9 4.1 3 .6 -25
1 3 9 1 0 .3 1 0 .6 -23

- 1 3 9 2 0 . 5 -2 1 .5 -21
-3 3 9 1?.7 - 1 9 .4 -17
-5 3 9 4 .3 3 .2 -15
- 7 3 9 1 0 .5 - 1 0 . 9 -13
- 9 3 9 7.1 7.1 -11

-11 3 9 2 2 .9 2 4 .4 - 9
-15 3 9 6 . 2 - 6 . 8 -7
- 1 9 3 9 1 0 .6 9-0 - 5
-21 3 9 7 .7 7 .2 - 3
-23 3 9 7 -2 - 8 . 0 -1
- 1 9 3 8 2 .6 2 -9 1
- 1 7 3 8 3 .8 - 3 . 0 5
- 1 5 3 8 3 .5 - 3 . 3 7
- 1 3 3 8 4 .7 4 .2 9
-11 3 8 8 . 0 7 -9 11

- 9 3 8 3 .6 2 .9 19
-3 3 8 7.1 - 7 . 7 25
-1 3 8 1 2 .0 - 1 1 .4 23

1 3 8 7 -? - 8 . 2 17
5 3 8 3 .4 4 .2 13
7 3 8 3.9 3.1 9

| F o |

4.95.7
17.1 
12.5
2 4 .930.4
69 .2

7 .2  
11.8  
23.8

5 .8
5 .3
4 .0
3 .7
3.1
5 .6
5 .6
3 .2

n
2 1 .9

3 .68.8
5 .4
2 .7
3.1

13.1 
5 .9
7 . 4
7 .7

15.2
26 .9

9 .7  
10.0
6 . 1

37 .5
5 .8
6 .4  
5 -3

1 0 .2  2.2
4 .0
7 .7  8.6
6 .5

13.9
5 .8
2 .9
5 .8  

1 2 .0  
13.1
3 .6
3 .7
5 .3  
2 .6
7 .5  
2 .2
6.1
7 .7
4 .4
3 .2  
3 -4
3 .4
5.1

12.6
8 .9  
9-5
2 .6

11.9
8 .3

14.7
18.3 
18.6
6 .9
7.1

31.4
2 .9

18.3
7 .6

67.0
24.1
19.4
6 .4

15.1
17.4
4 .5
2 .9
3 .0
4 .4  
2 .8
4 .8

14.8
16.2
3 .6
4 .7
3 .9  

18.0 
17-9
2 .6  
10.0
6 .4  
3-1
2 .8  
3 -4 
5 -4
3 .4
2 .7
6 .8
2 .0

11.9

Fo

4 .2
5 .6  

- 1 7 .4  
- 13.0 
-25 .1

30.1
7 0 .3  
- 7 - 9

- 1 1 . 6
- 2 5 .4

- 6 . 6
-6.6

5.1 2.8
- 1 . 5
-6.0
- 5 .1
- 2 . 3
-6.2

9 .9  22.0
3 .4  

- 7 - 9  
- 5 - 5  
- 2 . 7  
- 2 . 5
14.0
5 .6  

-6.2 
- 8 . 4
15.9
2 7 .4  
- 9 . 4

- 10.0
-6.6

- 3 7 -5
- 3 . 8

7 -0
- 5 - 2

9.1
1.4
4 .2
8 .4
8 .7
5 .7  

- 1 2 . 3
- 5 - 5
- 1 . 9
- 4 . 7
1 0 .9
13.1 
- 2 . 6  
- 3 . 2  
- 5 . 8  
- 1 .8  
- 4 . 5  
- 1 - 9

5 .5
5 .4  

- 3 . 6
2 . 2  
4 .2
3 .5
5.1

- 1 2 .5
- 8 . 9
-9 - 3

0 . 2  
10.0 
5 -7  

-1 4 .8  
- 2 0 . 1

2 1 . 2
7 .2
7 .5  

29-7 
- 2 . 2  
18.6
7-2

- 6 7 -7
-2 4 .6

19-1
- 5 . 6
14.6
1 6 .7
- 4 . 6

0 . 2
4 .5
4 .1
4.2  

- 5 . 0
- 1 4 .3
- 1 6 . 5

- 3 - 6
4 .2
4 .1 

1 7 .0
1 6 .8  
- 3 . o  
- 9 . 2

5-4
- 3 . 6

2 .7
3.1 

- 6 . 2
o .3
3 .4
7 .6
1.7 

1 1 . 1

- 4

- 2  4 11 
- 4  4 11 

-1 0  4 11 
-18  4 11
-20  4 10
-12  4 10
-1 0  4 10 

- 6  4 10 
- 4  4 10 
- 2  4 10 

0 4 10
2 4 10

12 4 
10 4 
8 4 
6 4 

4 
4 
4 
4 
4 
4 
4 
4 
4

I  Fo|

2 8 .4
27 .3

0 .9
80.5
16.5
17.6
16.7
51 .9
46.7
2 5 .4  

7 .4
10.7
2 .9  
3 .7
3 .3

14.1
10.2
2 . 9
9 . 9

17.7
10.5
5.4
7 .22.6

10.6
3 .7
7 .0
4.1
6.1
3.1
3 .2

14.0
3 .8
3 .6
3 .2
4 .3
7 .0
6 . 1
7.1

24 .4
15.6
4 .6
4 .0
3 .2
6 .7  
3 -3 8.6
5 .6
3 .4
3 .6  

12.8
4 .5

14.9
16.4
2.86.6
3.2  
8 .9
5.1 
5-12.2
8 .5
3 .8
5 .6  
9 -9

11.9
7 .0
5 .1
6 .56.8 
4.9
2 .7
2 .7

14.0
7 .2
7 .3
8 .76.6 
2.0
5.4  
9 -4

30.8
4.1
3 .2
3 .4

11.6
7.1
4.1 
5 -9  6.6
2.1

12.4
30.8
20 .3  
35.8

1-9
13.7
12.3
2 .7
25.4
12.5 
19.3
3 .4
3 .4  8.6 
5-1 
5.0 
9-5

Fo H K L H Fo

27 .4 -22 4 4 2 . 6 2 .0
-2 6 .3 - 1 6 4 4 2 2 . 7 21.5
-29 .1 -14 4 4 1 1 . 3 11.0

5 -3 -12 4 4 6 . 2 - 6 . 0
- 1 . 3 -10 4 4 2 . 9 3. 1

-8 8 .6 -8 4 4 4 . 6 - 3 . 0
-1 5 .5 -6 4 4 1 0 .5 - 9 . 4

15.1 - 4 4 4 6 . 4 7 . 2
- 1 6 . 9 -2 4 4 1 0 .0 11.1

51.8 0 4 4 1 9 .5 - 1 9 .6
46.1 2 4 4 2 5 . 6 - 2 7 .2

-2 4 .2 4 4 4 2 . 2 1.8
- 7 . 2 6 4 4 2 . 8 2 . 3

- 1 0 . 9 8 4 4 3 . 6 3 . 5
2.1 10 4 4 1 1 .0 12.2

- 1 . 3 16 4 4 1 .8 1.5
- 2 . 6 18 4 4 4 . 5 4 .6
14.3 20 4 4 5 . 8 5.2
11.3 22 4 3 3 . 7 3 .6
3 .2 20 4 3 3 . 7 1.9

- 9 .1 18 4 3 7 . 9 - 6 . 7
-1 6 .4 16 4 3 5 . 8 - 4 . 7

- 9 . 2 14 4 3 3 . 2 3.5
6 . 0 12 4 3 8 . 0 9 . 0
7 .3 10 4 3 7 . 4 - 8 .1

- 3 . 3 8 4 3 1 6 .0 - 1 6 . 2
- 1 0 .6 6 4 3 8 . 7 8 .5

- 2 . 2 4 4 3 6 . 5 5.7
- 5 .1 2 4 3 3 . 0 - 2 . 5
- 4 . 2 0 4 3 1 0 .2 11.7
- 6 . 3 -2 4 3 4. 1 3 .8
- 2 . 4 -4 4 3 2 7 . 0 26.4

3 .2 -6 4 3 9 . 5 8 .7
14.0 -8 4 3 2 2 .1 - 2 1 . 8

1-9 -12 4 3 1 6 .0 -1 5 .5
- 4 . 5 -14 4 3 1 7 .3 -1 7 .4

1.8 -16 4 3 1 5 .4 15.1
5 .4 -18 4 3 9-7 9-7
7 .0 - 2 8 4 2 3 . 4 - 1 . 9

- 6 . 0 -24 4 2 8 . 9 9-5
- 7 . 6 -2 2 4 2 5 . 5 5-3

-2 5 .2 -20 4 2 4.6 - 4 . 6
1 5 .6 -1 8 4 2 7 .6 7 .7
4 .7 -16 4 2 13.0 -1 2 .5

- 2 . 8 -1 4 4 2 28.9 - 2 8 .6
- 3 . 3 - 1 0 4 2 3.2 -3 .1

5 . 2 -8 4 2 4 .2 - 4 . 0
2 .0 -6 4 2 25-2 23 .9
7 . 4 - 4 4 2 11.4 1 0 .5
4 .8 -2 4 2 3 .3 - 3 . 4

- 1 . 7 0 4 2 6 .7 - 6 .1
3-3 2 4 2 11.1 1 0 .0

13.2 4 4 2 23 .6 2 2 . 6
-5 .1 8 4 2 2 .3 1.4

- 1 6 .0 10 4 2 2 .2 - 1.5
- 17.1 12 4 2 1 9 .0 -1 9 .5

3 .6 14 4 2 7 .9 - 8 . 3
8 .4 16 4 2 7 .7 7-3

- 3 . 9 20 4 2 7 .8 -7 -3
- 8 . 9 24 4 1 6 .7 - 7 . 2

4.7 22 4 1 3-8 -5 -3
5 -4 20 4 1 9-1 7 -4
1.5 16 4 1 17.9 17.4

-8 .1 14 4 1 2 6 . 8 25.9
3 .0 12 4 1 13.5 -1 2 .6
5-8 10 4 1 8 . 0 - 7 . 2

11.1 8 4 1 3 .6 - 4 . 3
-1 3 .2 6 4 1 36.4 -3 4 .0

- 5 - 4 4 4 1 3 .7 -3 -7
- 5 - 8 2 4 1 22 .2 24.5

7-1 0 4 1 7 .9 8 .4
2 .6 -2 4 1 8 .8 - 7 . 3
4 .5 -4 4 1 1 .6 - 1 .6
1.7 -6 4 1 8.1 7-7

- 1 .0 - 1 0 4 1 2 .5 - 3 . 8
- 1 2 .7 - 1 2 4 1 21 .9 - 2 0 . 9

- 6 . 3 -1 4 4 1 5 .9 - 4 . 6
7-6 - 1 6 4 1 32.2 3 1 . 0

- 1 0 .4 -18 4 1 7-4 7 -8
- 8 . 2 -22 4 1 8.1 8 .4

2 .0 -24 4 1 9 .4 -9-1
- 4 . 5 - 2 6 4 1 6 .7 - 6 . 4

9-6 28 4 0 3-3 1.7
31.9 22 4 0 2 .6 - 2 . 5
- 5 . 2 20 4 0 3 .4 1 .0

2 .6 18 4 0 7 -7 - 7 . 3
3 . 4 16 4 0 3.1 1.3

-1 1 .2 12 4 0 12.1 1 1 .5
- 7 -3 10 4 0 8 .8 - 8 . 5
- 5 . 0 8 4 0 8 .3 7 .4
- 6 . 5 6 4 0 15-3 - 1 3 .0

7 .4 14 4 0 32.7 3 0 .7
2 .4 4 4 0 2 2 . 5 - 1 8 .4

11.8 1 5 9 3.8 - 1 . 7
31.7 -1 5 9 5.1 5.2

-2 1 .2 -3 5 9 4 .3 2 .2
-3 6 .8 -7 5 9 4 .9 - 4 . 4

- 1 . 7 -11 5 9 2 .7 3-7
-1 4 .3 -15 5 9 4 .5 2 .0

13.6 -21 5 9 3 .3 - 0 . 6
2. 1 - 2 3 5 8 2 . 8 0 . 8

24.8 -21 5 8 3 .2 1.4
13.0 - 1 9 5 8 2 . 8 - 0 . 2

-1 9 .5 -17 5 8 12.1 11.2
- 3 -9 -15 5 8 4.9 4.9
- 2 . 9 -13 5 8 6 . 0 - 5 . 4
- 8 . 6 -11 5 8 2.8 1.0

4.2 -9 5 8 3 .2 2. 1
4 .8 -3 5 8 2 .5 - 0 . 9

- 9 . 2 1 5 8 2.8 - 4 . 2



• B i n nuth. t by ’1. Structure Factor Tables Ctrl

H K L IM Fo

5 5 8 7 .3 - 7 . 4
9 5 8 3 .8 4 .1

13 5 8 7 -5 7-5
15 5 8 4 .9 4 .9
17 5 8 4 .6 -3 .1
17 5 7 8 . 6 8 . 6
13 5 7 3 .6 - 4 . 6
9 5 7 3 .4 - 2 . 6
7 5 7 4.3 - 3 . 7
3 5 7 2 .5 - 3 . 9
1 5 7 2 .7 2 .5

-1 5 7 1 0 .8 1 0 .8
- 9 5 7 6 . 2 - 6 . 0

-11 5 7 2 .5 - 0 . 8
-13 5 7 9-5 - 8 . 8
-15 5 7 4. 1 - 5 . 3
-17 5 7 15.7 15.5
-19 5 7 12.4 1 1 .0
-21 5 7 3-1 - 1 .6
-25 5 7 4 .3 - 3 . 2
-23 5 6 5-9 5-7
- 2 1 5 6 7 -8 - 6 .1
-19 5 6 3.1 2 .1
-15 5 6 16.4 - 1 5 . 8
-13 5 6 6 . 6 - 5 . 5
-1 1 5 6 4.7 -5 - 9

-9 5 6 4 .4 - 4 . 3
-7 5 6 1 5 - 8 15.9
-5 5 6 8 . 2 8 . 0

1 5 6 2 . 8 3 .5
3 5 6 7 -7 7 .8

13 5 6 3 .6 - 0 . 9
15 5 6 7 .6 - 6 . 4
17 5 6 3 .0 - 4 . 4
15 5 5 4 .6 3-9
11 5 5 3.2 - 2 . 8
9 5 5 2 .3 1 .&
5 5 5 7 .4 - 6 . 6
3 5 5 2 .9 2 .4
1 5 5 14.2 14.0

-1 5 5 6 .7 6 .7
-3 5 5 13.7 -1 3 .7
-5 5 5 3 .2 - 2 . 8
-7 5 5 7 -7 7 .7
- 9 5 5 6 . 8 - 7 . 7

- 1 1 5 5 6 . 6 6 .7
-13 5 5 15.2 1 5 .6
-15 5 5 10.4 - 1 0 . 9
-17 5 5 1 6 .7 -1 5 .7
- 2 1 5 5 6 . 2 5-7
-23 5 5 4 -5 3 .6
-27 5 5 4 .7 3.1
-25 5 4 3 .9 0 . 7
-23 5 4 3 .6 - 4 . 3
-19 5 4 7 -5 7.1
-17 5 4 3-3 - 3 . 3
-13 5 4 5 .4 5 .4
-11 5 4 9-6 1 0 . 5

- 9 5 4 19.5 2 0 . 2
- 7 5 4 2 .5 - 2 . 3
- 5 5 4 13.8 -1 4 .2

■ -3 5 4 9-5 - 9 - 2
- l 5 4 2 2 . 9 - 2 3 -5

l 5 4 2 . 0 2 .2
3 5 4 2 .6 3.2
5 5 4 12.5 -1 2 .5
7 5 4 8.1 8 .2

13 5 4 15.2 15.3
17 5 4 4.1 - 4 . 0
23 5 4 4.2 - 0 . 0
23 5 3 3 .4 0.7
21 5 3 5.0 - 4 . 7
19 5 3 2 .7 - 0 . 4
17 5 3 6 .3 - 6 . 4
15 5 3 12.7 -13 .1
13 5 3 1 0 .6 10.4
9 5 3 5.4 5-5
7 5 3 6.2 5.6
5 5 3 4.0 3.8
3 5 3 33.0 -3 2 .5
l 5 3 32.1 -3 3 .2

-1 5 3 14.7 15.9
-3 5 3 18.3 18.4
-5 5 3 3 .4 -3 . 3
-7 5 3 5 .5 7 .6
-9 5 3 3-7 4 .3

-11 5 3 4. u - 5 . 2
-15 5 3 7 .5 -7 -5
-1 9 5 3 4.7 4 .4
-21 5 3 3.0 - 2 - 9
-25 5 3 4.0 4 .2
-27 5 3 3.1 - 1 . 4
-21 5 2 5.6 -6 . 2
-17 5 2 2 . 6 -0 . 1
-15 5 2 3 .3 - 4 . 0
-13 5 2 4 .1 - 5 .  1

- 9 5 2 5 .0 - 4 . 9
- 7 5 2 4 .4 - 4 . 8
-1 5 2 1 6 .3 17.0

i 5 2 31.4 32.6
-3 5 2 8 .8 -8 . 7

3 5 2 6 .5 - 6 . 2
5 5 2 4.6 4.4
7 5 2 4.4 4.3
9 5 2 11.2 -1 1 .9

11 5 2 8 . 0 7.1
13 5 2 8 .3 - 7 . 5
15 5 2 21 .2 -21.1
23 5 2 7 .4 7.1

H K L | F o / Fc H K L

25 5 1 3.1 - 4 . 4 12 6 4
23 5 1 3.2 5.3 14 6 4
17 5 1 17.1 1 6 .9 16 6 4
13 5 1 2 6 .1 -2 6 .4 18 6 4
11 5 1 12.2 -1 2 .6 14 6 3
9 5 1 6 . 0 6 .6 12 6 3
7 5 1 3 .0 3.7 10 6 3
5 5 1 7 -0 7 .0 6 6 3
3 5 1 14.1 14.9 4 6 3

-1 5 1 5-2 - 7 . 5 0 6 3
-3 5 1 2 .7 - 3 . 0 -2 6 3
-5 5 1 12.4 -1 1 .6 -6 6 3
-7 5 1 3 .6 - 3 . 9 -8 6 3
-9 5 1 5 .5 5 . 6 - 1 0 6 3

- 1 1 5 1 1.7 0 . 6 - 1 6 6 3
-13 5 1 3 .9 3 .7 -18 6 3
-21 5 1 4.0 - 2 . 7 - 2 0 6 3
-2 3 5 1 3 .8 -0 . 7 -2 4 6 2
-27 5 1 6 .4 - 5 -3 -22 6 2
-2 5 5 0 6 .8 - 6 . 3 -2 0 6 2

23 5 0 7 -9 - 7 . 9 - 1 8 6 2
21 5 0 8.4 7 .8 - 1 6 6 2
19 5 0 7 .4 6 .9 -14 6 2
17 5 0 3 .8 4.1 -12 6 2
14 5 0 6.6 3-6 - 1 0 6 2
13 5 0 1.8 1.6 -8 6 2
11 5 0 7 .2 7 -8 -6 6 2
9 5 0 3 .4 2 .6 -4 6 2
7 5 0 5 .8 -6 .1 -2 6 2
5 5 0 1.5 - 2 . 3 0 6 2
3 5 0 7 -7 - 7 - 9 2 6 2

-4 6 9 5.2 4.7 4 6 2
-6 6 9 5.1 4 .4 6 6 2
-8 6 9 3.2 3.8 8 6 2

- 1 0 6 9 3 .5 1 .6 14 6 2
- 1 2 6 9 3 .4 - 2 . 5 16 6 2
-1 4 6 9 7 .5 - 6 . 3 18 6 2
- 1 6 6 9 8 .2 -8 .1 20 6 2
- 1 8 6 8 6 .6 - 6 . 9 22 6 2
- 1 6 6 8 6 .5 5-9 24 6 2
-14 6 8 14.2 1 3 .6 16 6 1
- 1 0 6 8 2 .4 2.6 10 6 1

-6 6 8 13.2 -1 2 .4 8 6 1
-4 6 8 3 .9 - 3 . 5 6 6 1
-2 6 8 5 .8 5.2 4 6 1

0 6 8 2 .5 1.7 2 6 1
2 6 8 5.4 - 5 -5 0 6 1
4 6 8 6.4 - 6 . 4 -2 6 1
6 6 8 4 .3 3.4 -4 6 1

12 6 8 4.0 2 .5 -6 6 1
14 6 7 7 .2 5-8 -8 6 1
12 6 7 4.4 5-5 - 1 0 6 1
10 6 7 3.0 1 .0 -12 6 1
6 6 7 2 .6 -2 . 0 -14 6 1
4 6 7 6.2 - 5 . 4 - 1 6 6 1

-4 6 7 3.0 -2 . 4 -18 6 1
- 6 6 7 5.7 - 5 . 8 - 2 0 6 1

-14 6 7 7 .6 6 .9 -22 6 1
- 1 6 6 7 6 .8 7 .4 26 6 0
-20 6 6 3.5 - 0 . 6 20 6 0
- 1 6 6 6 2 . 6 2. 1 18 6 0
-12 6 6 2 .3 - 1 . 3 16 6 0
-10 6 6 3.8 -4 . 6 14 6 0

-8 6 6 8 . 0 - 8 . 8 12 6 0
-4 6 6 5.9 6 .5 10 6 0
-2 6 6 2 .7 3 .6 8 6 0

0 6 6 2.7 0 .1 6 6 0
2 6 6 2 .9 - 3 .1 4 6 0
4 6 6 12.0 1 1. 6 1 7 11
6 6 6 8.2 7 .7 -3 7 11
8 6 6 5.2 - 4 . 9 -5 7 11

12 6 6 8 .2 - 7 . 3 -7 7 11
14 6 6 15.0 -1 4 .8 -11 7 11
16 6 6 3.9 3-9 -15 7 11
18 6 6 5.7 4 .6 -17 7 11
20 6 5 3.0 2.7 -17 7 10
18 6 5 2.8 0 .1 -13 7 10
16 6 5 4 .3 -2 . 7 -9 7 10
14 6 5 9 .0 -8 . 6 1 7 10
12 6 5 9 .3 -9 -9 7 7 10
8 6 2 .8 3 .0 5 7 9
6 6 5 3.4 2 . 6 3 7 9
4 6 5 9.8 10.1 -7 7 9
2 6 5 8 .3 8 .8 -13 7 9

-2 6 5 5 .4 -5 . 6 -15 7 9
-4 6 5 1.9 1.7 -17 7 9
-6 6 5 1.7 2 .4 -21 7 9
-8 6 5 4.4 -2 .  1 -17 7 Q

-10 6 5 2 .4 0 .5 -15 7 8
- 1 2 6 5 2 .9 1.0 -13 7 8
- 1 6 6 5 3.7 - 0 . 5 -11 7 8
- 1 8 6 5 4 .2 - 5 . 3 -7 7 8
- 2 0 6 5 5.2 - 4 . 3 -5 7 8
-22 6 5 2 .9 - 0 . 8 1 7 8
- 2 6 6 5 4.8 1.6 5 7 8
-26 6 4 3-3 3 .9 11 7 8
-24 6 4 3.3 -3 .1 13 7 8
-22 6 4 5.4 4.4 15 7 8
-20 6 4 9-2 7 .6 15 7 7
-1 8 6 4 2.6 -1 . 8 13 7 7
-14 6 H 2.7 1.9 9 7 7
-12 6 4 4. 1 4.4 5 7 7

-8 6 4 5-6 - 6 . 3 3 7 7
-6 6 b 2.5 -2 .1 1 7 7
-4 6 b 2. 1 3-1 -1 7 7
-2 6 4 3.7 3.2 -3 7 7
0 6 4 4.6 - 4 . 6 -5 7 7
2 6 b 4 .0 -4 . 2 -11 7 7
6 6 4 7.3 -1.2 -13 7 7

| F o | Fo H K

7-1 - 8 .1 -15 7
15.0 14.6 -25 7
14.7 14.7 -2 3 7
3 .9 -4 . 2 -21 7

1 0. 7 1 1. 0 -17 7
6 . 2 6.9 -15 7
3.0 - 2 . 9 -1 3 7
2.6 - 2 . 3 -1 1 7
3 .6 - 2 . 9 -7 7
8 .5 - 8 . 6 -5 7
3.1 - 3 . 8 -3 7
2 .9 - 3 . 2 -1 7
1.7 2 .7 1 7
5.8 6 . 0 5 7
2.3 2 .5 7 7
6 .9 5 .8 11 7
3.2 4.4 13 7
3.8 3 .8 15 7
5.6 4.6 17 7
9.6 - 8 . 2 19 7
5.6 - 5 . 2 13 7
3.8 3-5 9 7
5 .1 5-3 5 7
6.5 -1.2 3 7

19.5 -1 9 .0 -3 7
2 .4 2.2 -5 7
7 .9 8 .3 -11 7
1.2 0 .9 -13 7

19.2 21.5 -15 7
6 .8 7-5 -17 7

11.9 -1 2 .9 -1 9 7
2 .0 0 .7 -23 7
2 .0 - 1. 8 -21 7
1.9 - 1 . 9 -1 3 7
2 .8 0 .7 -11 7
2.6 -3 . 0 -9 7
3.0 - 2 . 9 -7 7
3 .6 -3 . 5 -3 7
4.1 - 3 . 9 -1 7
4.7 3.7 1 7
3 .7 0 .3 3 71.1 - 8 . 4 5 7
5.6 -5 . 6 7 7
6 .3 - 5 . 9 9 7
5-3 - 6 . 0 11 7

13.2 14.4 13 7
13.7 20.6 15 7
6.9 8 .3 17 7
1.7 2 .4 19 7
3.3 -3 . 0 17 7
7 .7 -7 . 3 15 7
9 . 2 - 8 . 4 13 7
6.8 - 6 . 4 9 7
2 .6 2 .6 7 7
4.5 5.1 5 7
3.5 - 3 . 6 3 7
4.1 - 3 . 4 1 7
3.8 2 .8 -1 7
3.9 0 .1 -3 7
3 .4 0 .1 -5 7
2 .8 -1 . 5 -9 7
2.7 0 . 6 -11 7
4.4 3 . 2 -13 7
4. 1 - 4 . 8 -17 7
7 .3 7.1 -19 7

12.9 12.6 -23 7
3 .3 -3 .1 -25 7

15.2 15.2 -17 7
5.1 - 3 . 8 -11 7
2 .7 0. 1 -9 7
3 .5 - 0 . 5 -5 7
3 .6 - 1 . 9 -3 7
4 .0 1.1 1 7
4.1 4.4 3 7
3.8 3.3 5 7
3.7 4.0 7 7
3.7 -2 . 2 9 7
3.1 -3 .2 11 7
3.8 - 0 . 5 13 7
3.1 -1 . 5 15 7
3.9 2 .2 17 7
3.5 3.9 19 7
3-4 3 .4 19 7
2.9 -1 . 8 17 7

10 .2 - 9 . 4 11 7
4 .7 - 1 . 9 9 7
4 .9 -1 .5 7 7
7- 1 6 .4 5 7
3-1 - 1 . 9 1 7
9-1 - 8 . 0 -3 7
3-4 - 2 . 5 -5 7
3.3 2 .8 -7 7
2 .4 2 .6 -9 7
4.1 3 .6 -11 7
5- 1 -4 . 8 -13 7
3-6 -3 . 9 -17 7
4 .4 3.0. -19 7
4.5 4.7 -23 7
2 .8 3 .3 -25 7
6 .8 7 .5 21 7
3-8 -2.1 19 7
4.7 -4 . 5 17 7
3-7 -4 . 2 15 7
2 .3 0 .9 13 7
3-2 2 .2 11 7
2 .2 - 0 . 9 9 7
6.8 -6 . 3 7 7
4.4
7-9

- 3 . 4
6 .6

5 7

| F o |

1 0 .7
3.2
3 .3
3.7
3 .3
6 .5
3.22.6
6.7
2 .3
7 .7
4.3
3.3
2 .7
3.1
4.5
5.9
4.6
3 .4
3.1
8 .4
2 .9
8 .4
3.0
5.1
6.5
3 .3
5.1
4.3
3 .6
2 .9  
3. l
4.6
5 .7
1.9 8.0
2 .7  
2.  1 
5.u
2 .4
4 .2
4.46.8
2.7
3.8
5.1
5.5
6.1
3 .6
2 .9
9 .9
4.6  
2.1
1.9 2.8
2.4
4.5

11.3
5 .4
3 .7
5.6
5 .3  
2.1
2 .5
5.6  
3-7
3.2
4.2
4.9  
2.1
4.6

16.3
17.4

1.6
1.7
4.5  
7-0  
3-2 
5-4
6 .2
6.4
3 .0  
3-9
4.2
2 .9
7.0 
3-42.8
7 .9  
2.  1
2.0
1.5 

10.8
4.2
2.2
4.6  
7-7 
3-0
3T3.6 
3 - 1
3.2
2.72.6 
7-2
4.2
6.7

9.5  
- 1 . 8

3.0  
- 1 . 5  
- 3 . 6  
- 5 . 4

2 .9
2 .3
5.7 
0 .5

-6.6
-2 . 7

3.4  
-3 .1  
-0.2

4.8
5.8  

- 4 . 4  
-4 . 2
0.2

-8.6
- 1 . 6

7 .4
3 .4
5 .6  
5.3

-2 . 7
-5 .1
-2.8
0.4

- 1 . 3
o .7

-2 . 7
-5 . 8

3.2 
8.  l

- 1 . 4
2 .3  

-5 -9  
- 2 . 3  
- 3 . 5  
- 3 . 7

5.4
2.4
2.5
3.5  

- 5 . 2  
- 4 . 4  
- 2 . 4
1.88.6
3.5
2.7

-o . 9
-2.6
- 1 . 3
- 4 . 3

-1 1 .9
-5 . 6

3 .8
5.0
5.6  

- 1 . 9
1.7
4.8  

- 1 . 2  
- 1 . 9

3 .5
4 .9
5.0  

- 4 . 0
-1 7 .3

1 8 .8
2.0  
2.3
4.0 

-6 . 8  
-2 .1  
- 4 . 3  
- 5 - 9

5 .6
3.7 

-3 -7  
- 4 . 9  
-3 -0  
-7 . 0  
-3 . 5

3-1
12.3
-3 . 7
-1 . 7

1.5
-1 0 .5

-4 . 6
2.2
-0.9
-5 . 6
0.4

-1 . 6
3.5
2.0  

- 1. 6 
-2.8
2.0
7.2

-3 . 6
-6.6
-1.4



Xaa 1963 P Tanaka discovered a second crystalline form 
of perylen© which he designated as the f3»form* From 
studies of absorption and fluorescence spectra of the 
two polymorphs- ho concluded that the previously known 
tt-form is a ground-state-excited-state dimer. To 
support his arguments.* ho determined the crystal struetur- 
of f^peryleno in two projections. The hOS, projection 
is well resolved and was refined to an R~value of 17$.- 
The y^ooordinates wore derived by assuming that the 
molecule is planar and has a structure similar to the 
cMfarm* Because there is serious overlap in the Ok A 
projectionp the y-parameters were not refined* The B~va 
for this sons was 27$* In view of the current interest 
in molecules containing bonds with extreme n«bond ordersf 
it seemed worthwhile to extend Tanaka5 s study to three 
dimensions*

The crystal structure of a-pesylen© was first
established from projections along two axes by Donaldsonc->
Robert sob. and White in 1933. Their measurement of 

©1*50*0*03 A for the length of the peri- bonds was in very 
good agreement with GouXsoa8s (1931) theoretical predict*!

Cof 1*30 A* Cornerman and Trotter (196i) have made a-throo- 
dimon si onal study of «~®p©ryiene using counter da'oa* Tnej



:?:vo..: pi a::;
There are no otlior detailed ecaalyses of peiylosie 

itself is the literature,- hv/o the aoleeule fgrus donor- 
acceptor eanploxas with » wide variety of acceptor 
molecules including fluor&ail end pyromellitie diaahyurid© 
The crystal structures of the T? nolecular complexes of 
pesylesie with those two eoapotmls have been determined 
(Easaooa* 19631 Bisoyoas -and Eerboteis*;, 1965}*

Sh© two polymorphs c-shibit fluoreseeiae© elite,;. ,:reuir.e': 
under ultra-violet light* This provides ca easy re »hc»d 
f o r  d is tin g u is h in g  Isetwesa ihoia, sia&a t lie  fltterooecBce 

fro ©  the  «~f©ria is  rod asd th a t fre e  th o  p^fonn in  yre'* -

2,1 *

$hese wore a few crystals of the p-»fossa ia the r̂ iv- 
of analytical grade perylene obtained 'from Eoi;fc-*L.V;J h 
hatio ratorie* s» Siaco the so were aot cuitablo for :;ief;5, ̂ 
crystal studies9 they were set aside to ho used on roe': 
crystals* ^ q h  portions of the? oaiapie were rocryeteli.i 
froja hsaseno and from petawlotua ether* the first ’rcrovu' 
consisted mainly of the U^fovBo If the 8upc2K&s.t£&t 
Mcmid was dec anted and seeded with crystala of the P-f 
it yielded a good crop of vosy this*. son-agonal plater: tbc 
troro too brittle to be cat*. However* it was possible 
to  grow w r y  la rg e  c r y s ta ls  by a llo w in g  bouB^jse c io lu ti--'-' 

to evaporate slowly for oevoral months* Ory^talo grow:



in this manner were exit to the ::Vy;;.) *.■<; a v : \ i i o * ..••••/“ 
used to obtain cell dimensioac and iatoiwiity data*

2.1.1. CEJtSfAL BA£A

#oranila C20fi12
System asoaoeliaic

oW t t i c e  c o n s t a n t s  ©  *  9 * 7 7 ^  A
b * 5°90a
c  » 1 0 « 5 8 9
p  **96*75°

Absent Spectra hOA if A odd
OkO if k odd

Space group F2 ^/c
¥oltiE3o 607*0 i?

Boasityfobo.) 1*38 ga/cc
ftolocules/cell 2
£ensity(calc» ) 1*380 g?a/cc
Linen? absorption coefficient fs? 0*920 es

o
(Mo R® 5 9°7107 A)

Since 'there are two molecules pas? unit cell* tho centre 
of the molecule must lie on a centre of iarersioa^

l*ho cell dimensions listed hero have beam measured
from precession -and Weissenberg photographs and have Bee*?, 
confirmed ky checking reciprocal lattice spscings of Mg-' 
aagle reflections or. the &:lffx-nct oe© t e x** fke length of 
th© c-asis is eonsidorably shorter them ‘ra^aka ■ s v&lx \ *•



o
of 11 “2? A but the S2.t1i3.vn ©2 intensities ia in agreement 
with the reflection date quoted ia M o  paper*

2 ol.2 , BEFLBCflOIi M*gA
BsfXeetion data tv'e.ce obtained on a Hilgsr -¥atts 

linear diff lactometer using Mo Ka radiation* The 
diffractometer is equipped with SrO-ZrO^ balanced filters
and a scintillation counter. Ifeo crystals were used'
Bata from reciprocal lattice nets hQ& to h4£ were 
collected on one crystal and data from nets h5£ to h7^ 
were collected on the second * After I*o rents—polarisation
corrections bad been appliedc the ce&Ie of the observed 
structure amplitude s was approximately twice the absolute 
scale o All data were included in the refinement o 'fhere 
are no KuuobservQ&” planes because reflections with 
negative not counts are given an intensity of -*I by the dat 
processing program*

2,2* SBKNBEffi!l7 OF TOR &i40J0flfSS«•-- — — »» Jam vagrjevv...-?.: ̂ r-» -rtj.isrQa-x-j.

Although the cell dimensions determined ia the 
pro cent study wore substantial ly different froaa those 
measured by 2a>mkar the intensities of the reflections 
in the hOA sons agreed with the values quoted in kanaka4 s 
paper* It seemed reasonable to use his coordinates as

Ythe stating ©oirat for tho refinement of the structure*«A w  ~

vHien the {,niinii:vavs residual” method of Bhuiya end



ftav-J.a;/ [1 t :f}; was !,:■ i:V.. wigvo ■ r. :l c
t h e  f o i l  f i / c c i  S'ify i e  1 6 ;  S  I n  c y c l e s *  B :
sd~ w-eoomiiioten iron i M s  pra^oetiou ms;e iv.
w i t h  Z e n a n a v s  e r A i m l a t c t i  y -  - c o o r f i n a t e s  a n a  v c e  i .  t  - o = .  

struetore factors for the five reciprocal lattice . ol 
kOS to &4&, $*&e ia&i&X B~v&ltzo m s  54#? hat ills \::,o
reduced to 21*5# aftor three cycles of Fourier zcfip.a. 
After tovaaiiati©a-of*'-sonioo corrections kail ?Jcr.:~> *.\v,«..■■..' 
to tlie atomic paromotorrifl rofineraont m s  eosr£i..-.n::f 
method of least ssparern flivoo isotropic leant-v-v.- 
calcinations with m i t  weights improved vhv Ewvfsv i ■■ 
l&*9$o At this poi&t^-a* ..•fugftota.oa of t?:.o ,:

o otf - 1-9513 (.*2 s.iafc' ©/&*’ )*•= 
was applied„ B m s  reduced to 15 *0# by tiro farther i 
calculations trnb m s  impr&ved i:y only 0 * ill? when lie 
temperature factors of th© carbon atoms were allowed i 
refine anisotropically* vJSisa hydro gen atoms eeeo irw 
in the struaturc’-faeto? calculations? E foil to 15 c*tp 
and dropped to 12*7# after two cycles of aaisetrep.'.c 
refiro-OGnto .

fata fros layers h5^ to were included at this 
point* f h s m  fuIl-satriK least'-scjuores cycles rcva 
calcpt.a>ieu to rofine hho scale factor between iUs. tv*'- 
batches of dah&<> In oraor to ovoid a singularity :-v. 
the > - • tee ^22 tesporav-are parameters war- both



- 1 2 ! ~

fh© R-v&lue 16«4$ fos? 1S05 reflections*
The unweighted structure factors t?or© analysed as 

a function of sin S/A* the iadea: of the reciprocal lattice 
layer and the magnitude of as shorn in fable 11*
fho weighting scheme devised from ibis e x a m i n a t i o n  o f  
t h e  data had the following forms

if ein20/X2 4 0*16, then » - (oiB2^ 2 )/0'16}

«  !W  >  7 ‘0 ' t o » *  7 / lPoba*'
Planes with jlf *>n \€ i/3 (3? - ! were considered to be• oalc oob

unreliably phased and were given a weight o f  a « s o »
A separate analyst o of the weali reflections shewed 

that B was over 200?£ for reflections with < 0*5
electrons and over &0> for reflections with 0«5 1*0,
Most of tho reflections with structixre amplitudes sir,si lor 
than one electron wore among those that had been given on 
intensity of oao count per minute by the data processing 
program because tho not count was negative* It is therefore 
surprising to find that i^alc ̂ than ^
for nearly all of thorn* This may indicate that there 
is some systematic error in the moassremont of the Tseeh 
reflections* Xn order to investigate this point it trill 
bo necessary to alter tho programs and to process the 
data again* As a tasqior&ry e&jjsdiout the 488 pianos with
li5 - j<L*0 wore e.'-liided from the refinement* Of the oos
remaining 131? plan©a* 126 h&d been given & weight of 
soro- ;irlie B-valu© was 13°6^ si?.d was 498n 31,



3-4?esylo3iic$ itoalyois of Ofososvoct oafl OaXoulatsfl
IS’fcmctare fos? Eoflectdoarj with 3? pl-Q 0

A d £3. Stmct;io.u of |S0|)>ol

A
w
w
.
»

; O <r=s*
q»

• £ M , _ H R <S9A
2 930-90 823*96 19&”50 933 0*533 v*<r -A

3 6430 36 547*49 172"37 262 0*268 0*66
4 488*46 461*19 SO--93 141 0 0166 0*9?
S 1348°57 1334*66 153"33 273 0*099 0*56
16 31352*16 1297*64 97 "74 123 0*072 6*79
33 1386*67 1353-39 73-08 64 0*053 1-14

111 381*81 391*05 26-56 9 0*070 2*95
As a fimeodoa of sls0/A

-20 491*51 494*32 51 *01 32 0-104 1*59
2170*0? 2089*89 234-40 279 0*108 0 *84

a98 1469*36 1489-22 150*42 29B 0-102 ©*3C)
*60 1169*82 1133*33 196-38 441 0*168 0-44
,70 96?*06 887*18 262°68 490 0*272 0*54
*80 406*60 286-39 173-66 228 0*425 0*76
,*00 57*71 31*05 32-58 37 0*564 0-88

As a firnc'ft■ioa of A'oeaproc?al latMee iLawless
0 939*03 930-’39 99° 06 140 0*103 0-71
I 1512*15 1489*49 163*62 260 0*108 0-63
2 1393*97 1351*83 163*52 262 0-119 0*63

782°22 740-37 131*03 254 0*168 0-52
4 777*81 752-31 125*53 237 0*162 0*53
3 618-68 595*58 140014 240 0*226 0*58
6 336*23 282-97 129*42 208 0° 363 0*62
? 352-00 268044 146*14 204 0*415 0*72



- 123-

throe farther cycles least ;yviare<y B was 13c3y^
2 *2w& '* was 460*36 and tlio refinement of the carbon atoms had 

converged«

2*3° IHSBBtM BSSOI/gS

Atomic coordinates are listed in ^able 12 with the is* 
standard deviations# ^emporature parameters are shown 
in fable 13„ fho hydrogen atoms were placed by a computer
program and. have not boon refined; their teaperatusin factors 
are probably slightly low*

fable 14 is a list of bond lengths and bond angles 
derived from the parameters of the carbon atoms# All

o
Ch*S hsnds are 1*09 A long*

fii© posylono moleeule is remarkably planar as is
shown in fable 13# 3£?ie equation of the Mb©stw plane
through the whole aolocnlo is

©•2633X - .0 *57933 ~ 0*7714a ^ 0 P 
where and S5 are orthogonal asses defined by the 
equations

.1 s* ©X -1’ £ 8 COSpa

^ *» Ij?
% s* e-asinp „

.. .• -■3 ? ■*fhe root moan oqriaro &ov & at ion from this plane a a*>.j 1,)
is leer they the average estimated standard deviation or
atomic poritieiiy A more eovoro test of pio-iraor'iy re 
pocyil.Gi. by hko r-y y^iivle of the ciovi&icns from a pAroie



*£&&%<$ i a
p  F i l i a l  A f e o s a i o
Cc*osid£3a4$3 • Standard ds^iati® m  as?© 
as writs in ffia last pla©3«

; i )  0,05911(30)
.a) Oo'i 1 7 8 5 (3 6 ) 

0 , 2 6 0 3 4  
., . 0 * 3 4 2 7 1 , , 

0(5) 0 1 3 7 2 0 0 ( 3 6

C\
c<
ci01
Cl
Cl
Cl

of no)

O o S m M B i ) 0 *17620(30) 
Oo089^8(35) G; 1 4 4 1 3 (3 7 }
o . m r m m )

Cal^mlatecI poifeiens of

11
H(13 

1*
H f
H ( l§ '

0 ,0 5 3 1  
0 ,3 0 3 ^  
Oi- 
0 ;
0 .3 8 4 4
0 ,1 3 4 7

~0 c16889(61 ,
- 0 , 32806(73<
- 0 ,3 ^ 3 2 9 ( 7 0 .
~ o .16218(67 .

Oo1 7 5 9 0 (6 8 ,
0 .3 3 3 1 8 (5 6 ' 
Oo33403C5 7 ' 
0 .1 7 2 4 1 (68 ! 
0*00226(78. 
0 .0 0 4 3 9 ( 7 6 )

-csi'S

=0.4611
- O . W 86
0 . 965^
0.0082
0.^609
0 A & i O

0 .0 8 8 9 9 (2 7 )
0 .1 7*55 0(3 5 ) 
0.2180713 $ )
0 .1 7 3 3 3 (2 9 )
0.0^-15(33) 

- 0 .0 3 9 8 8 ( 2 7 )  
=0.08*112(28) 
“0.0^359(3*) 
0.0-^23(37) 0.S8E

afeKsa (nofc E'efln
O.8O88
O.gSfS
0.2080
0.0707

=0.-07*58
=0.151*5

S S S ilJ-I,
Fara^sfes^a of Ca^bee* Atom*

GoQOiO 
O oO i46 

-OcOil 19 
0*0021 

- 0 ,0 2 3 7
0o0 0 0 6
0,0098
0,0118
-0o0344
0 0 0 2 3 4

Hod Xihja. Xig$ cSXX'̂ ff, &U33
c f  ̂) 0,0307 OoOST? 0,0312

0,0452
Go000if o*oio4

c eg I 0,0353 0*0351 0*0027 ■- 0,0001
0 is ) 0 , 028? Go 0520 Oso4 |9 —00 01 23 0*0072

(4 ) 0,0294 0*0449 0*0347
0*0438

- 0,0181 0,0079
GPI 0,0402 0o04g? «0C.O021 0*0004
G (61 CK032S 0*0338 0,0310 - 0*001? 000113G(?) 0,0315 0,03%1

Qe-0% ?
0,0333 - 0,0096 0.0087

0 P i 0,0363 0,0480 0 , 007? o .o r)?
0 19) 0*0352 0e05S6 0,0319 0*0066 0.0105
0(10) 0,0436 0*0507 0,0495 0,0271 0.0068



Bsmd LG^gttot, ( X )

Sfcaadasit 4^wiattom are given a 
tkQ last pl&@e*

CCl) 0(2}
0j>2| ^fejj
o i l )  CHO) 
c n o )  c te )  
C I S )  o f  6 )0 ( 6 )  O f ? )c m  o f B )  0 ( 8 )  0 ( 9 )0 ( 9 )  oho)  
C ( 9 )  C ( l )
pari-^omlaf-WM.nrW»r»

3 tMite

C«H lails are all 1 *09 k long*
with sfeaMartl ^©vlatiesisc
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erne; Planes
%X&viations are sko^n In Ange trims x  10 ©

F l a m  A is the plana through the Ktole  
oarte* skeleton©
Flan© B is  tho plana ttecmgk tka  cen tra l 
?ing.
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otoas cti^iabas sixnifiearrkir fros lbi,s t -̂ess** br
d o f la s d  i i i e  s t a t i o n *

0"2630X - 0*57751 - 0*TT3« * 0.
Tfea crystal siraaiars ©£ ifc'-posy-lagae- is «

to ^ o a e  ©£ BBp&ib&leao ssi sactftsoeom tlfcsiai&s* Kb.3w«^2im 
ft « k i i « 9 1 9 4 9  I S i & e l & i r ,  Btiieirtaan ft 1 § » J W
f t a  o s rtfto g o & a l p r o je c t i o n s  shaasi i n  S $ g K *e »  2  3
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t h e  a k a l©  a s i i t  c e l l  c s  b? boo *** mzmM* 'I

s lss im  s s l:?  -o f t h e  pxoj3C-o;*.os o s  i s  i$ X 0 |* .

i*v AS Zlli'oO%!0<>"v2.1B§w'iH>i C-CS-ĵA*"C ’s.—S. XO AO,.., X-.i> ■■O-- 
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s s a ly is & r; i f i t h  t h e o r e t i c a l  p r s d io i la s z s  a s b  obi'-.::

os^stolXogr&p&i&e studies* ffoMo iS list's. ibo b.'sb 1 >".;: ;:
is S*-P'Gx̂ lG!ie tfi'&B ehess grodicted t§r bT\bv:~-a - -
>.able a? siusjiasdsss the r o s & l ts ©$* X-5?^r ib̂ bb/.:::;--/-

pox^fiesei and Safel© IS cogsgaxos tba- r<&

P^7:~TJ\QnQ %?:*Ml ’&3LQZ0 of $£&$&i?Sy£«*5a* Ov,:b .;

f b o  E«IloO» b o & d ~ £ c& g th s  i n  fa fe l©  IB hsmr- bocb. 

c b 'A o ir o l  b y  coB b isd .B g  t l i e  f^ b o s S  a s d o ro  abo 1 b?

r ' t r o i b v ie s o r  a n d  Braxusaa (1 5 6 5 )  w i t h  i& &  ©k^.^ ;as .-o-x-.

:-:"‘G;v'̂ :if-d by b;?sickd*o':!i a::;b bo:x-bs b'“'xb b:/x/b,:- 
/7'oxiiAr̂ oXi Ixo i:io bco/b so x- “o B s b ^ b b  Ubb^lb J oxvxbok ■: •-■ 
olio r.V’l.Vt> *r exbibbl £D.-lbO,.;- Boobx! "bobo -blbo- b-':.-- ■:
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diiforenc-eo hoitrocn 5::cpo r inoi'.ts,':. 
aro shovn at i-ho foot cf each o z Insvi.- x3o .goodnc -1.1.
becomes iforse as ilia theory bacaac-s sore- elsgc - •* 
length of the j^i-bonds is the m i a  source of 4is^e—  

but eircii when this bond is not considered 7 flic sane 
general tread is observed* The relative n-hend oxders 
predicted by molecular orbits! theory follov the obeereed 
variations in bond length w a y  closely*

The mere elegant PcPoPt* and S®F40 e calculations 
predict that the central bond la the naphthaloaic residas*' 
diould he shorter than the two outer bonds bat the 
situation is observed in tho experimente ffe* 9-10 bv'Fi 
in fJ«*geryXono is longer than el the s.* the 2~*3 bond nr tr?
6—7 bond« A1 though these differences are net largy
enough to be significant., they are probably re-vl six? ire- 
are observed in 1 51 9 -binaphtbyl and in the aw*pl$R«n &t 
peiyleao listed in Table 17*

The dimensions of the peryloao molecule eht-&4.u§$. 
from various three-dimensional X-S&y studies 
in Table 17® The average standard deviation of 
length appears at the top of each column -m-P*: 

square difference is shown at the bottom* flit 
molecule is necessarily centresymmetric in ff - y a , u-c. 
the pesylene-fluorani 1 complex Mhtnwow>, lfCi|)v in ih^ 
pery!one-..>PMBA complex t *}l , ‘in i^bfV,
but sot ia c^perylene nrd Trotto?? , ;tv-



| |  : BoM Leagtli Comparisons

Taslm j6 

jS"j^Sh%3- Y-M _̂
SI[2 )
€ 3}
C-%}
Cl;io
a ,10Ci 9  

C(9, psri«boads

1.380
1,410
1.3551,415
1o42-6
la4^T
1.476

i

■375
&01
'375

1*421
1.421
1 o4fT

McM.O* P*P.P.

1 *>395 
! *359 
1.378
1.420
1o427
1.426
1.457

I e 3'B 1 I 3t^
1.3751 *421 
1*4(l4 
1.422  
1.456

i *375
l . 419
1.371
•fir ill"V̂ O
1 y 9 7  
I 4z5 
1 A 52

Soofe ssaaa spa^e dlffes’anee: ges°i~bog*ds Include.
0=010 0 . 0 1 5  0o0l4 0 , 0 1 5

Root seen aq^ase difference: gopi^teofigg ^eluded.
0*010  0.011  0 .0 1 2  0 .013

Tab le  1?
A . „  1 .&**!*».- f e - j W  pevnW\ PH5>S* X * ^
<^«0.005 ^*«0c005 <7°«0.010 ^ » 0 o 0 U
1 eBBe 1*380 lo393 i»38i
1.415 1.419 1 .W 7  l .4 o i
i«357 1o35§ lo3§4 1.360
104o9 l*4o 5  1 o 386 1.412
1 , 4 2 1  1 . 4 1 5  1 * 1 4 5  1 ^ 3 9 6

0(6} 1*352 1.364 1*366 l*3o£
0 (7 )  1o4o5 1o4oi 1.383 1*405
B(8 | 1*378 1.379 1.381 1.384
Of 9 ) 1.429 U l2 ?  1.407 t
Olio) 1*426 l .434 1.443 1*43-4

0 (9 )  Of f )  1.424 1o431 1 c 423 1.420
1.476 1*473 1 . 4 9 3  1-475

loot mmm1 square diffe?&iG©:
0*003 0*019 D o  0 0 9



yaEle J 8

l©21C!s

1 ,380
1 . 4 1 0
1.333
1.?M51.4g6
1 .427  
1 . 4 7 6

O u * j 6 v w k a i

1.384
1.423
1.374
1,3921.431
1.403
1.527

V\AĵitevWn&
1o364
1.413

1.364
10 0--

1.364
1.421 iu3331.413
1.418 1 o4l6
1.421 1.4.T3

1.473

u-

Koot
wmmi sqiaar® d iffe re n ce  Ssiolud&ig

0.023 0© OcOOB
mm&n ©cpar© differesioe. exeXw&isag

Q.013 0o009 0.005



boad XGJ&giiio listed are the results of
Masoa* o (parlvtv&o CQsnsumiccvtiom) refinement of the data 
published by Camos&sn and £’ret tern Xt should bo noted 
that the average standard deviation reported here is 
approximately twice the estimate quoted ia the original 
paper„ despite a much lower B~valu©<>

la ?&blo 18€, fJ-porylen© is compared with quaterxylea©
( Shrivastava sad Spoafcsasip I960 }- u&ghthaleno {Cruickshanh 
and SpaskO; 1960} $ and 1 1 2 biaaphthyl<* ThQ root raoaa 
scpmrc differences bo'tooon the dimensions of p^perylc&e 
and those of the other ricleira3.es are small except in. the 
ease of <yaatGrivy3.one* Shis is lively to be s. roflocti&n of 
the fact that tho struettvi'e of ^uaterryleae was determined 
from two projection's it does not necessarily imply a 
real difference in molecular structure*

DISGUSSIOH
Although the analyses of those structures are not 

yet cozaplotOp the precision of th© measured fcand~X©Egvh&
(0»003) to ®°0®6 A) is sufficient to allow a certain, ascent 
of discussion*

Gruichshaisk (19P6) has shoxra that whsu lite&tion
corrections are neglected* the apparent bond lengths arc 
systomatically shorter than their true values* In 
hiacphthyl^ the thermal vibrations are inarhodly ani sotropic 
end lihration corrections have act yot bean appl.iodc 1i>.e 
tend that is liLeiy to he &crat affected by those oorsreer.io :•:*•.•
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is the 5-6 bend* In the poryioaa structure* Xibratioa
corrections will probably bo xro^y small since there is
little anistrcpy in the thermal parameters* Xa the
present et&ie of the analysis the k o Xo c u !© appears to
have its maximum vibration amplitude almost perpendicular
*t© the plane of the ring* This unlilsoly situation can
fee exjilaiaed in terras of a poor scale factor between
the two batches of data*

The diiaoiaaicao of 1*1* -hin&phthyl and $~peryXsne
are very similar* The root moan eonaro difference
is only Q»QOG \ftizn ''chemically equivalent” bonds are
averaged* If the individual • bond lengths* are compared*
the root raean square difference increases to 0*011 ̂
However9 none of the differences between correspondiatg
bondU«lengtlis is significant*

The lengths of the sp0- *8% ^°a^s reported in this
0 F> 

study are 1° 475^0°005 A in 1*1* ~biaspbt!?y I ©ad X s 476*0-0^3 A
in {Uperyles&Oc Those lengths are in good agreement with
the value of 1°473^.0° 005 A in the gosyleno^f Xuorani 1

o
Gomplox and the value of l #473i0n010 A in ^-peryiens <2S&s©atf
refinement) but they are in disagreement with the values

° ° of 1°53 A in quatorsylon© p i'5493t0-',010 A in the porylone--
o

POTA complex r. and 1*493^0*015 A from electron diffraction 
measurements of pesylono in the vapour phase (Trasttoborg-., 
1963)n



Tko length quoted for quatovxyl®no is
the average ¥ a k o  of oin independent bond lengths and
would fee expected to bo -very accurate in spite of tfeo
fact that the structure was determined from two projections:.

©1?ho discrepancy between this value and the 1 °48 A single 
bond length predicted fey Bev&r and Scbmeising (1959) has 
been attributed to a stretching of the linking bonds 
caused fey steris repulsions between the hydrogen eto2?.n 
ia the ^ t h O f--PQsitions« Howves^ recent studios suggest 
that hydrogen contacts of this type are "softer*9 then
had been supposed» Bailey end Kasoo (1963) have reported

?)
Io <, J  contacts of 1^83 A in 1 ̂ B-bisdehydro«»[ 14]-annmcner. 
HirsMeld- Befeinoviefe ©s& Bregsaa (1963) have foiled tha • • 
the mean separation of the innar hydro gone in [16 ]■-■ avralovo 
is I *97 Ao fhor© is im apparent deformation of C-(? 
bonds in either structureo Agreement between the lengths
of the linking bonds in the two molecules in the pa*e£©at 
study would seem to confirm that Ht, o d  contacts of iihic 
type do not cause significant lengthening of Cfe-»0 feondn.

Bifferences between the lengths quoted in tlu r: work 
and those observed in the peryXene*4?MM cosaplej: are r 
in general0 quits large5 but certain experimental details 
in the latter study should fee considered* Thex&al 
vibration amplitudes in the complex are largo and endeoi^vpi 
limited computer capacity made it necessary to refine tfeo 
parameters of only 6 atoms in each least-squasr-es eycio;
V'fee refinement was torninated fee fore ©ouve rgen-o o. .
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It seomo likely that ifeo standard deviations have been 
under e stir rnted *

The electron diffraction study is difficult to 
evaluate - Pesylen© is a very largo molecul e to be 
investigated fey this method* and certain simplifying 
assumptions must be made* Traotteberg has assumed that 
the naphtha! enic residues la poryieae have the & m ®  
molecular dimensions as naphthalene itself and has 
determined the lengths of the .geri-bon&s by subtracting 
the molecular intensity function of saaphthaleno iron the 
radial distribution function tor p e r y l e & Q R e s u l t s  
obtained from a calculation of this type are exti’esaely 
sensitive to changes in the model* fla the other hand.? 
it is possible that there are real differences in the 
dimensions of the molecule In the vapour phase (300°C;) 
and in the solid*

.It is into re sting to note that the trend in tr. bond 
orders predicted by tho Bucks! molecular orbital method i 
vesy close to the trend in the bond lengths observed, in 
this study* (See Figure 4)* Shis suggests that the 
goodness~o£~fit will probably improve as more accurate 
hoitd«*length determinations become available and better 
order--^length curves are devised* The most serious 
discrepancy between the exporimenta! bond lengths in 
fb*perylene and the predictions of P9fo?<» and S*BaC* 
calculations is the relative ff-bond order of the centra!
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Figure 4
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bond of the nc^mth&lanio residue© According to these 
two theories,, this bond should bo shoarfcor than ibo outer 
bonds $ but the reverse situation £•» observed * a th© four 
©tmcti*.r©8 involving the pesyless© molecule sad in the 
structure of lol^-feisiapMbyla

fk© agreement between the dimensions of the two 
polymorphs of poryleHo a M  between perylone and jU 1 - -»■ 
biaaphthyl is bettor than on© would expect from the #£se 
of the standard deviations estimated for the individual 
structure determinations* Mono of the differences 
between the bo molecule a is significant at the level of 
precision of the analyses* The dsMonfiona of the 
aaphthaleaic residues do not diffes?Afrojs those of a&psth&X 
itself*

GQMCLVSXQMS

The results of the present work show that the bond 
lengths in the naphtha!©nio residues of Ipl^bia&phythyl 
and fJe-perylea© are the same*, within th© experimental 
erroro  as those of naphthalene itself© This can fee 
I atosprotod as direct evidoneo that the aromatic character 
of the poxylone ffloloeule is. localised 1b the aaphthalosdc 
residuesa

Th® average value for the sp^sp^ single bond longth
©in these two structures is 1«4?5±0°005 Ac



'3 —Pe ryl ene S t ru c ~b11 r e Fa c t- o r T a, b ! e s
H K L |F o | Fc H K L

12 o 4 7 .3 6 .7 12 1 4
12 0 2 1.7 - 1 .0 12 1 3
12 0 - 2 2 .2 - 2 .0 12 1 0
11 0 0 3-4 2 .9 12 1 -1
11 o 4 2 .2 - 2 .2 11 1 0
10 o 6 1 .0 0 .8 11 1 1
10 o 4 3 .8 4 .3 11 1 2
10 0  2 2 .5 3 .3 10 1 5
10 0 0 1 .6 -3 .6 10 1 4
10 0  - 2 2 .6 3.1 10 1 3
10 u -4 6 .2 -6 .3 10 1 l
10 o - 8 2 .8 3 .3 10 1 0
10 0 -1 0 2 .8 -3 .1 10 i -1
9 0 -1 0 1.4 - 0 .9 10 1 - 2
9 o - 8 7 .2 7 -7 10 1
9 o - 6 29.2 2 9 .8 10 1 -4
9 o -4 10.1 9 .2 10 1 -5
9 0 - 2 2 .8 ? - 5 10 1 -7
9 0 0 5.1 - 6 .1 10 1 - 8
9 0 2 14.8 -1 5 .8 10 1 - 9
9 o 4 2 .1 -2 .3 10 1-10
9 o 6 1 .2 - 0 .1 9 1-10
9 o 8 6 .7 - 6 .6 9 1 - 9

0 10 4 .4 -4 .8 9 1 - 8
0 10 6 .8 - 6 .6 9 1 -7

8 o 6 1.7 2 .2 9 1 -5
8 o 4 5-3 - 6 .8 9 1 -4
8 0 2 8 .2 - 10.1 9 1 -3
8 0 - 2 4 .3 -4 .0 9 1 - 2
8 o -4 21.5 2 0 .9 9 1 -1
8 o - 6 15.9 16 .0 9 1 0
8 o - 8 1.9 - 1 .6 9 1 1
8 0 -1 0 1 .0 -0 .7 9 i 3
8 0 -1 2 4 .7 -5 .0 9 1 4
7 0 -1 2 1 .8 0 .7 9 1 5
7 o - 6 8 .8 -9 .0 9 1 6
7 0 - 2 9-2 -9 .0 9 1 7
7 0 2 3 .4 4 .0 9 1 8
7 0 4 1.1 1.3 9 1 9
7 o 6 2 .8 2 .8 8 1 9
6 0  12 1 .0 1.1 8 1 6
6 o 8 6 .4 - 6 .6 8 1 5
6 o 6 1.9 2 .0 8 1 4
6 o 4 7 -9 -7 .8 8 1 3
6 0 2 13.2 9 .2 8 1 2
6 0 - 2 3 .5 3 -3 8 1 0
6 o -4 3.1 3-9 8 1 -1
6 o - 6 6 .9 7 .6 8 1 - 2
6 0 -1 2 1 .6 0 .7 8 1 -3
6 0-14 2 .3 -2 .3 8 1 -4
5 0-14 8 .2 7 .7 8 1 -5
5 0 -1 0 1 .0 1.1 8 1 -7
5 o - 8 16 .0 - 15 .2 8 1 - 8
5 o - 6 12 .0 - 11 .6 8 1 -9
5 o -4 4 .9 2 .9 8 1-10
5 0 - 2 1 .0 2 .6 8 1-11
5 0 0 36.1 - 3 1 .2 8 1-12
5 0  2 7 .8 -4 .8 7 1-10
5 o 4 6 .6 - 6 .2 7 1 - 8
5 o 6 5.6 4.7 7 1 -5
5 o 8 22.3 2 2 .1 7 1 -4
4 0 10 19.0 19.1 7 1 -3
4 o 8 2 6 .1 26.7 7 1 -2
4 o 4 3 .5 4.2 7 1 -1
4 0 2 47.7 -46 .2 7 1 0
4 0 0 4o.7 -4 0 .8 7 1 1
4 0  - 2 1 .2 -1 .4 7 1 4
4 o -4 8 .8 - 6 .8 7 1 5
4 o - 6 30.2 - 2 6 .8 7 1 6
4 o - 8 6 .5 - 6 .1 7 1 7
4 0 -1 2 6 .8 6.4 7 1 8
4 0-14 12.4 12 .2 7 l 9
3 0 -1 2 4.0 3.1 7 1 10
3 o - to 4.4 -3 .9 6 1 11
3 o - 8 4.5 3 .4 6 1 8
3 o -4 5 .4 5 .o 6 1 6
3 0 -2 17-3 17.5 6 1 5
3 0 0 2 2 .2 23.8 6 1 3
3 0  2 13 .0 - 1 0 .6 6 1 2
3 o 4 2 .5 1.5 6 1 1
3 o 6 2 .0 o.3 6 1 0
3 u 8 6 .1 -6 .4 6 1 -1
3 0 10 2.5 6 .2 6 1 -2
3 0 12 1 .8 -1 .4 6 1 -3
2 0 14 1.1 -0 .5 6 1 -4
2 0  10 2 .0 -2 .7 6 1 -5
2 o 8 1.7 1 .6 6 1 -7
2 0 6 6.3 6 .2 6 1 -8
2 0 4 1 .6 2 .6 6 1 -9
2 0 2 16.4 15.2 6 1-10
2 0 0 46.4 -4 6 .4 6 l - l i
2 0 -2 5.9 -8 .4 6 1-12
2 o -6 3.8 4.2 6 1-13
2 o - 8 5-5 4.9 5 1-13
1 0 -1 2 2.1 2 . 1 5 1-12
1 0 -1 0 2 .7 -3 .4 5 1-11
1 o - 8 8 .3 -7 .5 5 1- 1u
1 o -6 3.4 3.7 5 1 -9
1 o -4 30 .2 -2 9 .2 5 1 -8
1 0 2 24.7 -2 4 .9 5 1 -7
1 0 4 13-3 n .3 5 1 - 6
1 0 6 16.1 - 16 .6 5 1 -5
1 o io 3 .5 3 .3 5 1 -4
1 0 14 2 . 1 -2 .5 5 1 -3
0 o 14 5.1 -5 .0 5 1 -2
0 0 12 1.7 -0 .7 5 1 -1
0 0 10 3.8 -3 -5 5 1 u
u o 8 25-5 -2 6 .3 5 1 1
0 o 6 15-3 - 16.2 5 1 2
0 o 4 2 .9 2 .8 5 1 3

| Fo 1 Fc H K L |P o l

4 .3 4 .8 5 1 4 2 .2
1.7 1 .0 5 1 5 16.5
1 .2 0 .2 5 1 6 23.4
4 .3 -3 .9 5 1 7 13.4
4 .0 -3 .9 5 1 8 6 .2
’ •? 2 .0 5 1 9 2 .3
1.4
2 .0
1 .8

-0 .7
- 2 .0
2 .4

5

I
1 11
1 12 
1 12

2 . 1 
1.5
3 .8

2 .9 2 .7 4 1 11 6 .6
1.1 -0 .5 4 1 10 12.4
5.5 5 .4 4 1 9 7 .6
4 .3 -4 .7 4 1 8 6 .8
3.2 3 .5 4 1 7 5 .5
4.1 -4 .8 4 1 6 2.7
5 .4 -5 .3 4 1 5 5 .6
2 .5 -1 .5 4 1 4 9 .2
2 .5 2 .5 4 1 3 17.2
8.7 -8 .5 4 1 2 23.1
6 .9 7.1 4 1 1 10 .6
3.3 -3 .4 4 1 0 14.6
2 .1 - 1 .0 4 1 -1 6 .8
4.5 4 .8 4 1 - 2 2 .6

11.3 - 12.1 4 1 -? 4.1
8 .1 8 .0 4 1 -4 24.0
6 .8 6.3 4 1 -5 14.8
4 .3 5.7 4 1 - 6 10.4
1.2 - 0 .2 4 1 -7 2 .0
2 .6 -2 .5 4 1 -8 4.7
5-6 -6 .3 4 1-10 1.3
7-9 8 .8 4 1-11 7.0
4.1 -4 .7 4 1-12 9.6
2 .8 -2 .9 4 1-13 6.7
1.9 - 2 .2 3 1-13 2 .2
1 .0 0 .8 3 1-12 6.4
4.8 4.7 3 1-11 ?•£
3-5 -3 .2 3 1-10 4.6
5.2 5.2 3 1 -9 3.4
2 .6 - 2 .6 3 1 - 8 2 .7
1 . 1 - 1 .8 3 1 -7 2 .7
5.1 -5 .5 3 1 -5 5.1
5.0 -5 .6 3 1 -4 13.9
8 .6 -9 .8 3 1 -3 2 0 .6
2 .8 -3 -5 3 1 -2 5.7
1.0 - 1.2 3 1 -1 8 .1
2 .0 1 .2 3 1 0 4.5
5-7 5 .9 3 1 1 2 .9

13.4 12.9 3 1 2 7.2
19-2 2 0 .0 3 l 3 13.7
22.9 22.9 3 1 4 23.5

8.5 8 .7 3 1 5 10 . 1
1 . 1 0 .8 3 1 6 2 .2
1 .0 1 .2 3 1 7 1.9
3.o -3 .8 3 1 10 6.1
3.1 -2 .9 3 1 11 6 .2
4.2 -4 .4 3 1 12 7 .6
2.7 -3 .4 3 1 13 5.1
3 .6 -4 .3 2 1 13 1.1
1.4 -1 .3 2 1 12 1 .0
1.3 - 2 .1 2 1 11 3.o
2 .2 2 .0 2 1 10 2.5
8 .4 7 .7 2 1 8 1.5
7-7 8 .0 2 1 7 4 .7

11 .6 9-9 2 1 6 5-9
5-7 -4 .6 2 1 4 9.2
6 .6 -5 -4 2 i 3 2 .3
2 .8 -2 .5 2 1 2 4 .1
5.4 -5 -5 2 1 1 16.1
3-1 2 .7 2 1 0 11.7
3 .8 -3 .9 2 1 -1 12.1
1.1 0 .7 2 1 -2 19 .6
2 .0 2 .4 2 1 -3 7.1
1 .8 0 .8 2 1 -4 6 .6
1 . 1 - 0 .6 2 1 -5 9.1
3.3 3.6 2 1 - 6 7.8
6 .2 -5 .8 2 1 -7 9.1

11.2 11.7 2 1 - 8 2.4
1. 1 -o . 1 2 1-10 1.5
5-1 5.1 2 1-11 1.8
5.3 -5 -6 2 1-12 2.1
4.1 -5 -9 1 1-13 1. 1
3-1 -3 .1 1 1-12 3 .3
5-2 3.9 1 1-11 5.8

13.6 - 11.6 1 1-10 8 .8
1 .0 -2 .5 1 1 -9 4 .1
3-5 4.0 1 1 -8 2 .3
3.3 3 .0 1 1 - 6 4.6
2 .0 u .o 1 1 -5 11.7
2 . 1 -1 .9 1 1 -4 27.9
5.4 5.1 1 1 -1 24.8
2 . 1 -2 .4 1 1 1 7 .9
1 .6 -0 .3 1 1 2 2 9 .6
1 .6 -o .g 1 1 3 24.2
2 .2 1.5 1 1 4 17.7
1 .0 -0 .5 1 1 5 18.2
3.3 -3 .6 1 1 6 16.4
4.1 4 .1 1 1 7 3-9
6 .9 -6 .7 1 1 9 1.9

lo .4 9 .8 1 1 10 3.5
6 .1 -5 .2 1 l 1 1 2.7
1 .6 -1 .5 1 1 12 4.3
1.4 0.4 1 1 13 3.4
7.1 7 .2 0 1 14 2 . 1
5.5 -4 .9 0 1 13 2 .3

2 6 .2 26.2 1 12 2 .2
2 1 . 1 -1 7 .8 0 1 10 5.4
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1 .2 0 .6 0 1 8 3 .4
2 .2 -2 .3 0 1 7 7 .0
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1.1 0 1 5 10 .8 -1 0 .3
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-2 4 .8 0 1 3 16 .0 16 .8
14.1 12 2 1 1.7 -1 .9
-7 .2 12 2 0 1 .0 -3 .3
2 .4 11 2 0 2 .6 -3 .3

-1 .7 11 2 3 1.5 1.7
-1 .5 11 2 4 2 .8 -2 .7

4 .2 11 2 5 1.9 0 .6
6 .6 10 2 5 6 .2 6 .0

12 .2 10 2 4 4 .7 -4 .4
7 .2 10 2 3 2 .2 2 .2

-6 .3 10 2 2 1 . 1 - 0 .9
5 .9 10 2 0 2 .2 1 .0

-2 .7 10 2 -1 4.9
-5 .2 10 2 -2 4.6 -5 .1
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-8 .5 9 2 - 1o 1.3 2 .0
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- 2 .0 9 2 -3 1.5 - 0 .5
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2 .7 8 2 6 2 .2 - 2 . 1
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- 2 .0 6 2 4 1 8 .0 19.0
- 1.1 6 2 3 25.4 - 2 6 .0

0 .4 6 2 2 9-6 8 .1
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-27.1 6 2 -7 2 .2 -2 .4

25.2 6 2 -9 2 .3 1.3
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16 .0 6 2-13 1.4 2 .3
-1 8 .7 5 2-11 1 .6 1 .0
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-3 .3 5 2 - 6 2 . 1 3.0

1.9 5 2 -4 4 .0 -3 .3
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- 2.1 5 2 -2 6 .5 -5 .0
4 .1 5 2 -1 3.1 -2 .7

-4 .0 5 2 0 1.4 0 .3
2 .7 5 2 1 1. 1 -0 .9

- 2 .2 5 2 2 2 .6 -3 .0
2 . 1 5 2 3 5-2 -5 -2

-5 -2 5 2 4 11.5 11.5
-5 .2 5 2 5 11.7 - 12 .0
-3 .9 5 2 6 9-9 9.4
-7 . 1 5 2 7 2 .7 2 .6
16.4 5 2 8 3 .2 -2 .9
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3
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3 5 
3 4 
3 3 
3 1 
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1.5 0 .4 3 3 11
7 -0 -6 .6 3 3 12
1.3 1.1 3 3 13
1 .0 - 0 .1 2 3 13
2 .6 2 .8 2 3 12
1 .6 - 2 .3 2 3 11
'*•? -4 .1 2 3 9
2 .4 -1 .4 2 3 8

0 .7 2 3 7
1.6 1 .6 2 3 6
2 .5 2 .0 2 3 4
2 .3 1 .4 2 3 1
1.4 -0 .0 2 3 3
1.5 1.0 2 3 0
2 .2 1.7 2 3 -1
2 .3 - 2 .0 2 3 -5
2.1 o ,4 2 3 -6
3 .2 2 .9 2 3 -7
1.0 - 0 .1 2 3 -9
2 .6 2.1 2 3-11
1 .5 1.1 2 3-12
2 .8 2 .5 2 3-13
6 .7 -7 .1 1 3-13
5 .8 -6 .1 1 3-11
4 .0 -4 .4 1 3 - lu
2 .8 2 .2 1 3 -9
2 .2 -2 .3 1 3 -8
6 .8 -6 .9 1 3 -7
3 .0 3 .3 1 3 -6
1.6 1 .0 1 3 -5
1 .8 u .8 1 3 -4
1.3 - 0 .4 1 3 -3
2 .3 -1 .9 1 3 -2

l l . l -1 2 .1 1 3 -1
1 .9 1.0 1 3 3
4 .8 - 5 .1 1 3 4
4 .0 -3 .6 1 3 5
1.3 - 0 .7 1 3 7
8 .5 7 .5 1 3 9

33.0 33.2 1 3 10
1.2 - 1 .6 1 3 11
5 .3 5 .5 1 3 12
1.0 2 .0 1 3 13
1.1 -1 .5 0 3 13
3 .6 - 3 .4 0 3 12
6 .8 -6 .6 0 3 9
1.8 0 .0 0 3 8
6 .4 - 6 .2 0 3 7
1.2 - 1 .2 0 3 5
1.4 - 0 .5 {j 3 3
2 .2 -2 .2 10 4 4
1.5 1.3 10 4 3

2 4 .9 25.2 10 4 -1
27-3 2 6 .8 10 4 -3

3 .8 4.1 10 4 -4
1.1 1.3 10 4 - 8
1 .6 1 .0 10 4 -9

13.3 - 1 3 .9 9 4 - 8
2. 1 0 . 1 9 4 -6
6 .9 - 7 .5 9 4 -5
1.5 -1 .0 9 4 -4
1.2 0 .9 9 4 -3
1 .2 - 0 .9 9 4 -2
1.7 - 1 .5 9 4 -1
4 .2 -4 .4 9 4 0
1.4 0 .6 9 4 1
1.1 0 .1 9 4 2
3-0 2 .9 9 4 3
1.2 - 0 .3 9 4 7
1-3 - 0 .6 8 4 8
1 .0 -1 .0 8 4 7
1 .9 -1 .7 8 4 6
1.4 1.4 8 4 5
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4.1 3 .3 8 4 3
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1.6 0.5 8 4 -4
1.3 -1 .2 8 4 -5
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1. 4 -0 . 2 8 4 -9
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15.3 15. 1 7 4 7
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1 .0 - 0 .6 4
2 .8 - 3 .0 4
2 .5 -3 .2 4
2 .9 -1 .9 4
4 .9 -3 .5 3
5 .8 -5 .2 3
2 .5 - 2 .5 3
1.6 2 .0 3
3 .5 3.5 3
1.8 1.3 3
2 .7 - 2 .0 3
1.3 0.7 3
1 .8 0 .7 3
2 .2 -2 .2 3
2 .0 -1 . 1 3
2 .8 3-1 3
2 .7 -2 -5 3
2 .0 2 .3 3
2 .4 3 .0 3
1.5 1.2 3
2 .4 -2 .5 3
1.3 0 .6 3
2 .7 ' 2 .4 3
2 .9 -2 .7 3
3.2 2 .9 3
1.7 - 1 .6 2
3.4 -3 .9 2
1.9 - 1 .8 2
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9 .0 -8 .5 2
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7.1 6 .8 2

18.9 -1 8 .3 2
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7 .4 -7 -7 2
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1.5 -1 .7
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2 .7 -1 .8
1.7 - 0 .6
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K L |F o | Fc

? ? 7 .2 7 -3
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4 -3 4 .0 -4 .2
4 -4 5 .5 -6 .6
4 -5 6 .9 -7 .3
4 -6 4 .3 -3 -9
4 -7 1.7
4 -8 1.5 - 0 .8
4 - 9 1 .6 - 2 .0
4-10 2 .2 -1 .3
4-11 4.1 -3 .6
4-12 2 .5 -2 .5
4-13 1.1 0 .2
4-11 1.7 -1 .5
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4 -8 1.4 0 .1
4 -7 1.3 - 0 .8
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4 4 5 .5 -5 .6
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4 -3 6 .9 6 .3
4 -4 2 .9 -2 .6
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4 -9 14.2 -1 4 .8
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4 -1 15.2 13.7
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p r y  I. f1 H -s S 1
-.'J-J

-v» ,
C T — J..... .

H 1C L |Fo| Fc B X  h |f o | Fe H X  1 lm»| Be H X  L M

1 4  4 lo.o -iu.5 4 5 5 1.3 -0.8 7 6  « a. * —o.a 8 7  1 1.7 -tfLUffl
1 4  5 3.4 -a. 9 4 5 4 2*8

J : ?
7 6 9 a.8 <0-3 S ?  -1 a.i 2*©

1 *» 7 1.4 -t».9 4 5 3 5.2 € 6  9 i.i -a. i 8 ?  -a S.9 3.41
1 4 8 1.6 0.3 4 5 2 4.7 4.7 6 6  8 1.8 -1-3 e 7  -3 41.8 3-9
1 4  9 1.4 -2.0 4 5 1 4.2 -4.4 6 6  ? a.5 -2.5 3 ?  -* 6.3 5-5
I 3 10 2.4 -0. 1 4 5 o 2.7 -3.3 6 6 4 2.0' -2.5 8 7  -6 1.5 -W*l
1 4 11 5-5 -5-7 4 5 -1 2.6 -3-tii 6 6  3 1.5 -1.0 8 ?  -7 2.1
1 4  12 2.4 -2.6 4 5 -2 1.3 -o.fi. 6 6 2 1.2 2.6 T 1  -9 1.5
1 4 14 1.6 -1.2 4 5 -3 3-1 -2.9 6 6 -1 1.1 1-5 T T  -8 1-?
O 4 14 1.3. —0.2 4 5 -4 8.1 7-8 6 6 -2 1-5 (8.2 7 7  -5 2.3 ' *2
■o 4 9 1-7 1.3 4 5 -5 4.9 -5-3 6 6 -3 2.4 0-9 ? ?  -2 $.2' _ *-
0 4 8 2.6 2.6 4 5 -6 3-7 3-9 6 6 -6 a.3 1.4 7 7 -1 2.1 Tl
0 4 7 2.2 2.0 4 5 -e 2.7 -1.0 6 6 -7 1.9 o. 1 7 7  1 1.1
o 4 6 3-5 -3-9 4 5 -9 1-5 6 6~lo 1.1 0.1 1 7  3 1.1 -
G 4 5 2.9 3-1 4 5-lo 2.0 -1.7 6 6-11 1.6 o.® 7 ? 4 2.7
o 4 3 2.2 -3-0 4 5-11 3.0 4.9 5 6-11 3-3 1.2 7 7  7 1.7 -1 if,
a 4 2 3-2 3-8 4 5-12 5-6 -5.4 5 6 -9 1.4 G -7 6 J 1 1-3
12 5 4 2.1 -1.9 3 5-12 1.9 -3.1 5 6' —fci 5-1 -4.8 6 7 6 iEoc, -I- *
12 5 3 1.5 -1.0 3 5-11 3-4 5-3 5 6 -€ 3-3 -3-7 6 7  5 3-7 3 *
12 5 2 1-7 -o. 5 3 5-io 2.0 -2.2 5 6 —4 1.3 6 7  4 1.6 -11*11
12 5 -1 2.2 -2.9 3 5 -9 1.8 2.4 5 6 o 6.3 -6.9 S 1  3 1-5
11 5 o 1.9 2.2 3 5 -7 1.5 -1.9 5 6 2 1.5 -2.3 6 7 1 s.a -'--I
11 5 2 1.4 0.0 3 5 -5 1.5 -1.6 5 6 3 1.9 -1.? 6 7  -3 2.3 —2*6
lo 5 2 1.5 0.6 3 5 -4 3.4 2-9 5 5 4 2.0 -1.6 6 7 -5 1-3
lo 5 a 1.7 -2.4 3 5 -3 7-4 -7-2 5 6 6 2.9 2.0: S 7  —8 3-1 * 2
1'U 5 -2 1-7 -1.1 3 5 -2 1.3 1.2 5 6 a 8.6 7-9 6 7  -a 1.3 2*2
10' 5 -4 1.7 2.0 3 5 -1 1.7 2-3 5 6 9 1.3 -w-9 8 7 -9 2.6 — U * 1
10 5 -7 1.8 1.8 3 5 1 l.l 1.6 4 6 lit 7-5 7.0 5 7-11 200 -1U&
9 5 -7 4.4 5-o 3 5 3 1.3 -2.3 4 6 9 3-4 u.5 5 ?  -8 2.4
9 5 -5 4.6 5.2 3 5 4 6.1 7.2 4 6 3 1G . G 9.1 5 7  -3 1.3 - w 9
9 5 -4 3-9 -4.7 3 5 5 4.9 -5.0' 1* 8 6 1.1 1.0 5 7  -2 3-9 4k 1
9 5 -1 5-2 -4.9 3 5 7 1. I 0.2 4 6 5 1.6 -1.2 5 7  -1 2.5 —£! * 5
9 5 u 4.8. -4.4 3 5 8 1.5 -1.5 4 6 2 9.1 -9.4 5 T  « 3-4 3*3
9 5 1 2.4 -2.5 3 5 10' 1.8 -2.0 4 6 1 1.1 — b.6 5 7 4 1.5 2

9 5 3 2.8 -2.8 3 5 11 4.0 3.2 4 6  o 6.6 -7.1 5 1  5 f-s1 2„4f
9 5 4 1.0 1.6 3 5 12 3.8 -3.6 4 6 -1 1.8 -1.2 5 7 8 6.4
9 5 5 1.7 -0.5 3 5 13 3-0 2.0 4 6 -3 1,1 -1.4 5 ? 1 %.a
9 5 6 2.8 -2.6 2 5 12 1.4 -o.4 4 6 -4 1-3 -1.8 5 T  8 3-5
9 I 8

5 8

1.8
2.2
1.8

-2.4
-2.3
-0.4

2
2
2

5 7 
5 6 
5 1

1.9
2.0
3-3

2.2
2.3
3-7

4
*
4

6 -6 
6 -7 
6 -8

7.*
1.2
3.1

-7.4
-o.T
-2.9

5

I
T  9
T  lo
1  ie

1.5
2.6 
1.9

8 5 7 1.1 O'. 1 2 5 O' l.l -0.8 4 6 -9 1.2 3 7  9 1.8 51 *<£:
8 5 6 2.7 2.2 2 5 -2 2.9 -2.3 4 6-10 1.3 —0.2 3 7 ? l.S ..3
8 5 5 2.8 -2.3 2 5 -5 2.0 1.7 4 6-11 l.l -0.2 3 T  5 1,4 -1*©
8 5 4 5-1 5.1 2 5 -6 3.6 4 6-12 1.6 2.7 3 T  4 4.1 - K 3
8 5 1 2.0 0.8 2

1 : 1
5-6 -5.6 3 6-12 2 . a 1.3 3 7 3 <k‘» fc -2 ..5

8 5 u 1.6 1.1 2 1.2 -6.0' 3 6-11 1.3 -0.4 3 7  G 1,1
8 5 -1 2.6 2.2 2 5-12 1.1 0.3 3 6-10 1.9 -1.2 3 7 -3 3*3 •2*8
8 5 —2 6.2 -6.2 1 5-14 1.5 -O'. 3 3 6 -9 2.4 1.0 3 7 -4 3-4 —2*B
8 5 -3 9.U 9.7 1 5-12 2.1 -l.S 3 6 —8 1.3 1.0 3 7  -5 2.3 —
8 5 -4 9.9 -9.9 1 5-11 2.0 -2.5 3 6 -2 2.3 2.4 3 1-11 3*2
8 5 -5 3-3 2.7

0.3
1 5-10' 4.5 -3.6 3 6 o 1.6 1.5 3 7-12 3*i

8 5 -7 1.0 1 5 -9 2.5 -1.8 3 6 1 l.l -1.3 2 7-11 U 3
8 5 -9 2.1 -2.4 1 5 -5 3.7 3.2 3 6 2 2.2 -2.3 2 7 -9 2*2
8 5-70 2.0 2.0 1 5 -4 9.0 9.1 3 6 4 l.'U -0.9 2 7 -5 1.8
7 5 -5 1.6 -o.7 1 5 -3 l6.'0 16.5 3 6 5 1.1 -1.7 2 7  -4 3*3
7 5 -4 1.2 -o. 1 1 5 -2 16.4 l6.u 3 6 6 1.0 l.l 2 7 -3 2,. 1!
7 5 -3 3-5 4.3 1 5 2 3-3 3.2 3 6 io 3-1 £.9 2 7 -2 1.5
? 5 -2 2.6 -3.4 1 5 3 6.8 -7.2 3 6 11 l.l 0.0 2 7 -1 1-3

7 ? 5 -1 5-7
1.9

6.o 1 5 4 4.0 -4.6 2 6 tu 1.0 -o, 9 £ 7  4 1,6
7 5 o 2-3 1 5 5 6.2 -5.9 2 6 4 l.l 1.1 £ 7 8 K $
7 5 1 3.8 -3.4 1 5 6 5.6 -5.4 2 6 -1 1.2 — 1.7 2 7 6 l.S
7 5 3 1.1 -0.0 1 5 7 2.3 -2.0' 2 6 -9 £.5 -2.4 2 7  1 '0' 2*<o -
7 5 4 1.9 -0.4 1 5 8 1.2 1.4 2 6 -5 1.3 -1.2 £ 7 12 1*2
7 5 5 4.3 -4.1 1 5 10' 1.4 -1.0 2 6 -7 1.4 1.0 2 7 13 1*5 ■* *2
7 5 6 1 .0 -O'. 8 1 5 12 2.5 -1.8 2 6 -8 1.1 1 .6 1 7  12 1*3 K 2
7 5i 7 1.0 -1.4 1 5 13 2.4 -2.1 2 6-1G 1.7 -0.6 1 7 11 K ? *
7 5 9 1.8 u.9 0 5 13 1.4 -2.0 1 6-13 1-7 -u.4 1 7 9 1.2 .2
6 5 10' 2.1 0.5 0 5 12 1.6 -1.0 1 6-11 1.5 0.4 1 7 8 1,6
6 5 9 1.7 0.4 0 5 10' 2.9 3.2 1 6 -8 3-2 -3.1 1 7 6 3* 3 3.%
6 5 7 1.0 -0.4 O' 5 9 3-7 -2.9 1 6 -7 1.6 l.o 1 7 5 3*7 -2.-
6 5 6 2.5 2.5 0 5 7 2.7 -2.3 1 6 -5 2 ss -2.1 1 7 4 3*1 2.5
6 5 5 4.1 3-5 O' 5 6 6.2 -6.0 1 6 -4 4.7 -4.4 1 7 3 1.3 *1u ?
6 5 3 1.8 -0.8 u 5 5 5.0' -4.7 1 6 -3 1.5 -1.6 1 7 2 1*7 — 1.9
6 5 2 1.8 -1-7 O' 5 4 1.8 -2.0 1 6 -2 8.o 8.5 1 7 -1 2*5 3*7
6 5 1 4.0 -4.5 0 5 3 6.5 6.8 1 6 -l 2.0 -2.3 1 7 -4 3,fc - K -
6 5 -1 1.5 -0.0 0 5 2 12.7 -14.2 1 6 2 1.5 -2.1 1 7 -5 2. %
6 5 -2 1.3 -1.4 o 5 1 8.0 10.8 1 6 4 2.3 1.9 1 7 -6 1*7 -
6 5 -3 3-3 -3-4 5 5 3 2.4 -O'. 5 1 6 6 4.2' -4.3 1 7 -7 K B — '-I
6 5 -5 1-9 2.6 4 5 11 3.8 4.3 1 6 7 1,2 1.3 1 7-lo S.fe
6 5 -6 l.l 0.2 1 5 -1 4.4 5.1 1 6 8 1.4 -G. 8 1 7-11 2.2 • K 5
6 5 -8 1.4 -0.4 1 1.5 1.6 1 6 lo 1.3 '0.8 1 7-ia 1,4 a, 4
6 5 -9 1.3 -U.1 12 6 1 2.2 0.4 0 6 12 1.6 -U.2 0 7-12 t J -0.7
6 5-10 2.5 -1.9 11 6 l 2.0 -u.8 0 6 9 2.0 0.2 u 7-11 - 1,5 «y, 3
6 5 - n 2.1 —0*0 1U 6 l 1.7 1.3 o 6 8 7-9 -7.5 O' 7 -8 1,6 u
5 5-10 2.2 -1.9 10 6 -l 1.1 o>. 9 0' 6 7 1.5 -0.8 O' 7 -7 2* 1 - K 9
5 5 -9 4.2 -4.2 10 6 -3 1.3 0.8 01 6 6 4.2 -4.2 u 7 -fe 2,% -a. 3
5 5 -8 3.1 -3-4 10 6 -5 2. 1 -0.4 0 6 3 1.1 u.8 0 7 -5 t.5 -1,3
5 5 -7 3.3 -3.3 9 6 -6 10.2 10.3 12 7 1 2.4 -0.3 O' 7 -3 1,3 l.E
5 5 -6 2.0 0.8 9 6 -4 3.9 4. i 12 7 -1 2.4 —o. 8 4 7 lo 3,4
5 5 -5 1.3 -1.7 9 6 1 2.5 0.0 1U 7 o. 2.9 1.6 4 7 9 2,6 0.4
5 5 -4 1.6 -2.4 9 6 2 5.3 -5.6 lo 7 -1 1.1 -1.7 4 7 S 3-' -1.4
5 5 -2 7.0 -8.6 9 6 5 2.7 -0.0 10 7 -3 1-7 -1.3 4 7 7 K B 1.5
5 5 -1 5.7 -5-9 8 6 4 3-6 -2. 1 10 7 -4 l.l -1.0 4 7 6 2.5 -1.3
5 5 o 3.4 -4.2 8 6 2 3.7 -4.1 7 -5 2.2 -1. 1 4 7 4 1,1 -2.0
5 5 1 2.1 -2.0 8 6 1 1.3 -1.3 10 7 -6 3.1 -0.3 4 7 3 K 9 -1.4
5 5 3 1.3 -0.5 a 6 o 1.7 -O'. 7 9 7 -6 2.7 -a. i 4 7 2 2.5 -3.0'
5 5 4 2.6 2. 1 8 6 -l 1.7 o.3 9 7 -5 2.6 0.8 4 7 1 2,5 -0.3
5 5 5 9-7 10.0 8 6 -5 2.9 -u. 1 9 7 -3 1.6 -0. 1 4 7 -a 1,3 -O'. 4
5 5 6 11.0 10.8 8 6 -6 6.1 6.2 9 7 -1 1.6 —U.9 4 7 -4 3,6 -3.5
5 5 7 6.5 6.6 8 6 -7 2.6 1.3 9 7 o 3 - 1 a. 4 4 7 -5 K 9 -2.0
5 5 8 3.4 3.6 8 6-10 2.0' -O'. 3 9 7 1 1.3 -U.9 4 7 -6 2.7 -1.7
5 5 9 3.7 3.5 7 6-11 2.6 -u.5 9 7 ? 2,8 o.3 4 7 -8 2,5 l.S
5 5 10 l. 1 -1.5 7 6 -6 1.3 -1.9 9 7 5 1.6 0.2 4 7 -9 K & 0.2
4 5 11 5-5 4.3 7 6 -2 2-3 -2.3 9 7 7 1.7 -0.5 4 7-10 1,8 1.0
it 5 10 5.7 -4.9 7 6 -1 1 .u 1.2 6 7 6 3-9 -0.4 4 7-11 1,8 1.3
it 5 9 4.2 3-6 7 6 1 1.7 0 .4 8 7 4 2.9 -2,6 4 7 - IE 3,o S.34 5 8 3-9 3.6 7 6 3 2.4 1.2 8 7 3 1-7 - 1. 4 4 7-13 2.1 1.9
44 5 7 

5 6
3.6
2 .4

4 .1
2 .0

7 6 6 1 .6 1 .2 8 7 2 a.6 -0.4 1 7 -a 9*5 -1o,3



AttendIk  I

OoimEeats ©a Choice of 
Unit Sell in a Sridisic 1-attice
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la tko trieliaic cynicy. the choice of uait cell
is aoi dictated uy syiinctry eonsides&tleast ites there
are a® ia.fia5.to sassabar of wars of chosisg pria&tlve eeils 
in a tricliiiie lattice* Hawevor# eccli lattice is 
waifaely described hy the Bravsis nre&uced cells; the 
coll x&ose o&gof.i are the three shortest namMio^laus^ 
translations ia the. lattices For purposes of cospilatloiiji 
at is desirable to describe the lattice is torso of this 
reduced cello ^ho fee soot eaiwzoB Blgo^i'Slmo for deriving 
a reduced coll frea ary primitive coll are the
Bolamay re&notios asad the Mrichlet redactions. fhsro 
are certain reasons for profcrrioig the latter?

la any parallolopipad* SO v/S of asglos occur in 
enantlcHaorphons pairs at opposite comers* One pair 
of comers has the astgloo *s*Pr.Y hoJBogoaooss} that 5.3- 
tlioj arc all obtuse (or all acute}* She other throe 
pairs of corners are of isiscd typos «*pf -Y* or cf sp,f* * 
where s*^p3 *i,# are tho acute Cor obtuse) .ss^ploaes&s of 
cjfpft* Xf vo define vectors <a flh £‘Ct elo&g the edges frca 
a. homogeneous comer- the scalar products £*b*» 3h £<* aa& 
a*,0, all h a w  the samo sign* Silo allows a coll to be 
dofinsd uniquely in terms of the hessogeaoouc triplet 
vith the three shortest translations« W i f M s  tho limits 
imposed by the condition that the angler. bo ho^og^nor-v,n:



tiiOaiO hliO ponnbiC; yOrnlloiopt v,/--. V ■•- nil" on'VV m  noi
the tither SGtVvCU Only om cl innn .;■■;••■ lin
Si’aTni s-rerhicoS cell mth clonko? linn oft Inin-
o r ho ly diagonal *

3Jke r^toc^d coll is tri«-obt€ise aca && -wlil
c&smsgzmk to the Bravcis- ’areSoaeft coll osly ma. tto
latter happens to bo obtuse. HtsSB. the -r£̂ ĵ ©&
cell is tsi-acute* the l^lafwc^-redaesd cell mil 
diagonals Sorter then its edges* la the Ilrci ::,.
of SSMi&k JttSs Belt-may rc&ocad cell «&£ ocol os
tlia standard coll* In, 2&$ of the earns rep oriel:., lln
cell lias angles that differ £rast 93° by soxo 11 os. 39^ % 
in seize oases the difference Is as each as tv;?l on I. 11 -■ 
see&s Is- be ao theoretical recess may the Bolnnon :oo:n o 
could. not produce a cell uith aaglos approao.bln g V' 1 
loo .iravais-rod’ascd cell is tri-acntor the Jnln— y 
mios-ilos cob be applied to the reciprocal cell flvint .' 
-1937} r m c n g h  Buerger lias shorni that the sbnnnni 9 1 ^ '  

in reciprocal space do sot necessarily correspond to M; 
o.Vmtost aPb?e;;. la direct space*

. vise BIrieaiet reduction mil altfays prcdnoo tin 
coll :/itb the three shortest translations* Cinnn. ron 
v'?Inlots p,shvP' it Boros tlio selaoed triplet by nnn ~; 
no. triples o:? each vector in tuns la attempts In inv' '.' 
o'n olior tvre edges* The steps can bo porxonnt ,.n ";;■



order and they are repeated until there is so further 
change r. r£lmv order convention adopted (a<b<c or ©<a<b) 
has no effect on the reduction*

Xa tho second edition of 0rysta3t B^ta the Br&vais— 
reduced cell is used as the standard cell ia all cases; 
but the condition imposed is that a and (3 be noa-^aeute^
2s. the case of a tri-acute parallelepiped * this corresponds 
to a shift of origin to the ight«haa&ed corner whose 

angles are <s0 # P • 9 y *

fi£HBBSHCB3*iS5iwr««*««5»:*»st-ux r̂vecrvs:*

Balashov (1957)® Acta»Czysto * JJU 587*
Balashov and Ursell (1957)* Acta Csyst0> J2* 382, 
Buerger (1942)* %>*»Bay Crystallography 
Patterson and Love (195?)* Acta Csysto* IQ? 11?
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2.0 B.C- A&j?::‘-ksss 0-1U Raho3rtyoi*r J--Q? White {iSh9)*
AO'i'Cli C«S?ySt v- * 8'r 2 3 3 *

2 * 6 # Aral? J. Coppola* §*&» J^jf&jrcy (i9 6 0 ).
Aota 0 syst** Ig* 333-

Jo 0* Asra&t, B*C* TPUfJA'l'OB (l96l)* Acta Gryot*? J A 5 SO!?*
4o 1<* B&$&*?* Gtm&» €»S*L®» A®8® Cooke? M*M® Hassle (19^3) -

i§ ̂ OkCEi * *3 GO® j? 2-3% 3 ®
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12® If o' Bolt ess, (1 9 6 3 ) * Acta Csyst <.» IS? 3*
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»£ebJ» Wiley «£ Sens Xsic* , Hew Y©2?k-
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Tfeo PhoftararaBtg? o£ tlae Hociproc&l Lattice- 
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Wiley a SdiO Xas* ? How York-
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26* 0+A* CoaXacsig A* S*ts?ol'&rAoso£», (15*65)•
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A.W * Hanson (19&3) * Acta Cryofc*, jMS, 1147*
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^5. M*G*' Hqs®J3&&»* H-A* <?5i&4)b$ifci« If©!** His*#is:?©JLde
WcMc Lipscomb {1959}* Act*a 12 e 530*

K*H» ^hsrlvastaTOe Spcakssaji {
ProcofioyeSoco A jjffiT-o 477©

67*-’ S. Si3Ur©s?$e A© f'ulii&s&y (19&9)* A©$& Csyst• * 1&# 5<
€ 8 , A * S'ira (S--937’) . io i 'S .  -Ozysijvp  AOe 5 3 ^ *

69> Cy® A 0 <̂ 4 r« :ji «• A s  vs a  ’vs^ys's ? & 8 1 3 oV ^  ^ ^£iTc?«

fOo IT * 0  e S iB
Act*

js la is??
*-\

3 A U  Bx)h®xrtsou,  A *M e li*  1,1 
4 * ^ *

? lc S t©
ti v

t#asr& s 
Gatm* '

l;« E *  B a ^ id a o i i ,  !f •‘P* Sispsoa (19^3) -
VO ;•» ̂  « h ** ri •a py ,i£ &>-»> t Si4̂-' ,-5!̂  &J&

7 2 * A* 3$2Nbitf^egss1 J r . ; J*X* ( 1 9 ^ 5 )  •
Supp&esez&aJL ‘Xab.B.as ©C Moloaislas? Os'M.i*^ 
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