Sy A

7o

/

~

\,\ﬁéAL LA

/
C 8
,"_,_,\AAA,-\,\-\ o)

~
N N

The 100

COMPUTERISED




COMPUTERISED




THE CRYSTAL AND MOLECULAR STRUCIURES OF o<D
AMINO BENZOIC ACID AND RELATED COMPOUNDS

BY X~RAY DIFFRACT ION

THESIS SUBMITTED
TO THE UNIVERSITY OF POONA
FOR
THE DEGREE OF DOCTOR OF PHILOSOPHY

\\) \
T
AWy

by

NARAYANDATT A NAGESH DHANEBSHWAR, M.3e.
National Chemical Laboratory,
Poona~8, India.

APRIL - 1973



ACKNOWLEDGEMENT

I take this opportunity to express my deep sense of
gratitude to Dr. L.M. Pant, Scientist, National Chemical
Laboratory, Poona, for his valuable guidance during the
course of this work.

I am grateful to Dr, 3.3, Tavale, Scientist, National
Chemical Laboratory, Foona, for his valuable help in

programming and helpful discussions during the course of
this work,

My thanks are also due to Dr. C.I. Jose, Scientist,
National Chemical Laboratory, Poona for meaningful discussions
concerning infrared work on these compounds.

Finally, thanks are due to the Director, National
Chemical Laboratory, Poona, for allowing me to subamit this
work in the fora of a thesis.

NN Dhan eSAWaT-

Poona (N.N. Dhaneshwar)
April, 1973.



CHAPTER- I

CHAPTER - 11

CHAPTER-III

CHAPTER-IV

CONTENTS COMPUTERISED

Abstract

List of diagrams

Introduction
: PART -1:

Experimental

Preparation of the compound
Cell dimensions

Collection of data and
estimation of intensities.

Space group

Preliminary structure

Patterson function

Three dimensional refinement

Method of least squares and
block diagonal approximation.

Standard deviations of atomic
and thermal parameters.

Anisotropic temperature factor

Refinement using anisotropic
temperature factor.

Page
1

11

11

14
15
16
22

24
27

27

continued ..



CHAPTER-V

CHAPTER-VI

CHAPTER - VII

Results and discussion

Crystal and molecular structure
Thermal anisotropy

: PART-1I :
Experimental
Preparation of the compound
Cell dimensions
Scale and temperature factor
Space group

Structure and refinement

CHAPTER- VIII

Sayre’s equation
Normalised structure factor

Three dimensional Fourier
Sections.

Anisotropic temperature factor

Refinement using anisotropic
temperature factor.

Results and discussion
Molecular structure
Crystal structure

References

Observed and calculated structure factors.

o-methyl amino benzoic acid

o-dimethyl amino benzoic acid

page

35

35

45

59

59

59

62

62

64

64

68

71

78

80

84

84

93

96

98

119



nxn

ABSTRACT

In the present work, the erystal and molecular
structures of (1) o-methyl amino benzoic acid end
(2) o=dimethyl amino benzoic acid have been deteramined by
X-ray diffraction.

o-Hethyl amino bensoic acid crystallizes in the
monoclinic system, space group P2;/c¢ with

(o] o
a=8.164; b= 15,00 & o= 7.08 4; )= 118,3%;
PO = 1,307 .o--3| FQ for i = ‘. 1.319 ‘.“'8.

The structure wvas solved with the help of sharpened
Patterson projections and the Harker line P(o,y,%#) assuming
plane centrosymmetrical dimers., Refinement was done with
the help of 965 general reflections; final R was 0,101.
Hydrogen atoms were located after isotropic refinement and
the structure wvas further refined using anisotropic tempe~
rature factor, The molecules form strong dimers linked
together by 0O~H-~~0 hydrogen bonds across a centre of
symaetry. There 18 a weak intramolecular hydrogen bond
between the oxygen atom of the carboxyliec group and the
nitrogen atom of the methyl amino group. The structure of
o-msthyl saino benzolc scid was published under the title
'The structure of N-methyl anthranilic acid' in Acta
Crystallographica.(1972), B28, 647.
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o~Dimethyl anino benzoic acid crystallizes in the
monoelinic system, space group Palln with

a= 7,66 2; b= 15,74 g; c= 7,08 3; Pwm 1oo°;
Po for z= 4, 1,218 g.ea™

The structure was solved with the help of Sayre's
equation programme written by R.:i. Long (1965) and atomic
positions were located by means of three dimensional Fourier
sections Detween y = O and y = 0,28, WHydrogen atoms were
located by three dimensional difference Fourier sections
between y = 0 and y = 0,175, The structure was refined with
the help of 1037 reflections; final R was 0,.113.

The molecules of o-dimethyl amino benzoic acid exist
as zwitterions in the crystal. There is a strong intra-
molecalar hydrogen bond between the oxygen atoam of the
cerboxylic group and the nitrogen atom of dimethyl amino group.
The molecule probably forms a loose kind of dimer by means
of a bifurcated hydrogen bond with the neighbouring molecule.
As expected, the nitrogen atom is tetrahedral in o-dimethyl
anino benzolic acid, while in o*methyl amino bdenzoic acid, it
is planar.

Eladad d
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CHAPTER - 1

INTRODUCTION

The science of X-rey crystallography started with
Lane's suggestion in 1912 that a crystal may act as a
diffraction grating and produce interference effects with
X-rays since the interatomic distances in the crystal are
of the order of the expected X-ray wavelengths. iriedrich
and Knipping performed the experiment with zine blende Cus0s+ /=S
orystal and observed the expected diffraction effects. The
diffraction spots in X-ray photographs were explained by
W.L. Bragg as arising due to the reflection of X-rays by
various sets of lattice planes in the crystal. W.H. Bragg
(1918) suggested that as the erystal structure is essentially
a repeating pattern in three dimensions, it can be expressed
as the sum of a suitable Fourier series, the Fourier compo-
nents being sinusoidal electron density distributions
(electron density waves). The wave normal of each electron
density wave is normal to a certain set of lattice planes and
the wavelength of the electron density wave is equal to the
spacing of that set of lattice planes. Each palr of spectra
hkl snd hki, given by the crystal can be considered as
produced by the electron density wave corresponding to the
hkl lattice planes; the whole array of spectra is thus
produced by the total electron density distribution, which
is a superposition of all the individual electron density



vaves (Fourier components). It can be shown that the ampli-
tude of an (hkl) electron density wave is proportional to
the amplitude of the scattered radiation from the contents
of one unit cell of the crystal in the direction of the hkl
spectrun (called the structure amplitude).

In order to sum up the Fourier series, the inowledge
of the phases of the structure smplitudes is necessary
The magnitudes of the structure auplitudes can be neasured
experimentsily, but the knowledge about the relative phases
is lost in recording the diffraction pattern of the crystal.
The phases of the different structure amplitudes can some-~
times be fixed by trisl. A trial structure iz postulated
and 1f there is good agreement between observed aend calculated
structure amplitudes, the calculated phuses are used along
with cbeerved structure amplitudes to sum the Fourier series.

An attempt to overcome the phase probles was made
by Patterson (1930). He =odified the 'Fourier series method'
using the observed intensities as the coefficients of the
series. By this one gets a map of interatomic vectors in
the unit cell rather than the atomiec positions themselves.
fne of the properties of the Patterson function of use in
arystal structure analysis is the occurrence of peaks on
ecortain plunes (Harker sections) or lines (Harker lines)
due to interaction between the symmetry related atoms.

The direct methnds of structure determination are
bssed on the fact that certain items of direct space
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information of a completely general kind (for instance, that
the electron density 1s always positive, or that it is @
superposition of spherically~symmetric atoms of approximately
the same shape) are sufficient to impose limitations on the
magnitudes and phases of the structure factors. In some cases
the restrictions are severe enough to deteramine the signs of
most of the important structure factors. One of direct methods
of structure analysis is by Sayre (1952), It is based on
the fact that if all the atoms in the crystal are equal, and
completely resolved Iroam one another, the operation of squar-
ing the electron density gives a distribution which is still
a superposition of equal spherically symmetric 'atoms',
centred on the same points as before. The relations between
structure factors which holé when the above conditions are
satigfied, as they are approximately in organic compounds,
are unwvieldy, but havs provsed ts be of practical value. They
have also led to the discovery of other less rigorous bdbut
wore practically usefil relations between the signs of the
structure factors. R.E. Long (1968) has written a computer
programse to solve the structure using Sayre's equation.

One of the structures described in this thesis was solved by
this zmetiwd.

After getting the approxisste atomie positions in the
unit cell, the parsmeters defining these atoms must be
refined. This can be done by differsnce synthesis or by the
method of least squares. To obtain the difference Fourioer
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map, the differences between observed and calculated structure
factors are used ss Fourier onefficients. In the resulting
map, incorrect positioning of the atoms is indicated wvhen they
lie on steep gradients. The method of 'lLeast Squares' is
based on the minimigstion, by adjusting the atomic and thermal
parameters of a weighted sus of squares of discrepancies
betwveen the observed and the computed structure factors.

With the development of high speed computing facilities
and of single crystal diffractometers for the accurate measu-
rement of X-ray intensitiss, it has now bocome possible not
oniy to make precise determination of molecular dimensions
but also to obtain a physical deseription of the chemicel bond
in terms oi ths electron density distribution bLetween the
bonded atoms. In this comnection, wmention may be made of the
structure anciysis of triazine (Coppens, 1967), oxalic aeld
dihydrate (Coppens, Jabine, Delaplane and Ibers, 1969) and
Cyanuric acid (Verschoor and Xeulen, 1971). The structure
analysis of cyamuric acid was done at ligquid nitrogen tempe-
rature in order to increase the resolution in electron density
difference maps and to obdbtain still more accurate atoale
parameters. In all these studies, the final difference maps
show the bonding effects clearly.

In the present work, the structures of ortho methyl
anino benzoiec acid (fi-metlyl anthranilic acid) and ortho
dimethyl amino benzoic acid (N,N-dimethyl anthranilic aeid)
have been deterained. These structure analyses were under-
taken in order to compare thea with the structure of the
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parent compound (enthranilic acid) and to study the effect

of methyl group substitution on the molecular structure.

The structure of anthrenilic acid was detecrmined by Brown
(1968); 4t consists of two molecules per assymetric unit,
one of which {2 a neutral molecule and the other a zwitterion.

In the determination of the preliainary structures,
von Zller photogsommateur was fregquently used. For three
dimensional refinement of the structures and for &ll other
later computations the CDC~36N0 computer of the Tagta Institute
of Fundanental Research, Bombay was used.

- - -
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CHAPTER - 11

EXPERIMENT AL

(4) Preparation of the compound :-

o-ﬁﬂwl amino benmic acid (also known as N-methyl
anthranilic acid) was prepared by the method of wWilstatter
and Xahn (1904), 1.14 gms. of anthranilic acid disgolved in
4.2 ml. of B sodium hydroxide solution wvas treated with
0.14 ml. of dimethyl sulphate at about 0°C. After sbout an
hour the solution was filtered gnd the precipitate was
erystalligsed from aleohol to give o-methyl amino benzolc
scid (m.p. 178-9°C). Purity was also checked by infrared
spectrum and mass spectrum. Crystals suitable for X-ray
work were obtained by crystallizing the compound from toluene

at 5°C,

(1) The determination of unit cell dimensions :-
The preliainary values of the unit cell dimensions wvere
obtained from the rotation photographs taken with CuXx radia-
tion and the crystal oscillated about the three crystallo-
graphic axes in turn. Accurate deteramination of the axial
lengths was done with the help of high angle reflections in
equatorial Weissenberg photographs. The values of spacings
dinons dnyo and dpgy obtained from high angle reflections
wvere plotted against 3in® and extrapolated to sin®a = 1,
The extrapolated values of spacings were in turn used to
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obtain more accurate values and they were again extrapolated
to sin®8 = 1. The value of angle A (118.3”) was obtained
from equatorial Welssenberg photograph taken with 'bd' as the
oscillation axis.

Length of axis 'a' :~ 'a' was measured Ifrom eight refle-
ctions of the type hko (Table II-la and graph shown in
Fig. II-1) using the formula

+
in 2
dipn = "%" [hz + ( -‘-‘—;—-é- ) k2] cosec 9, .,

Table II-la

Reflect fon - sin 9 sin? o 4300
used
7,0,0 48,6’ 0.7494 0.6616  7.210 A
752,0 49.1 0.7569 0.8714 7.206
Tydy0 80.8 0.7749 0.6008 7.216
8,0,0 88.8 0.8554 0.7317 7.211
8,4,0 61.8 0.8813 0.7767 7.193
K 1 By7,0 63.1 0,9278 0.8608 7.188
L 9 63.3 0.9291 0.8632 7.196
A3 898,40 71.6 0.9436 0.8996 7.188
Lg 72.2 0.9621 0.9068 7.178
x) 9,4,0 80,8 0.9871 0.9744 7.174

Ao 81.8 0,.9898 0.9797 7.174
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The extrapolated value of dy,, from the graph is 7.176
£0,006% .. a=8.152(=dyn/sinp).

Length of axis 'b' - 'd' wes measured from ten reflections
of the types hko and okl (Table II-1lb and graph shown in
Fig. II-2) using the formulae

doy10 * 2 [(. s:nP} h vk] cosec 9 for hko

reflections, and

dnjo = .-g.‘:. Ekg + (:—;‘-;—n-z-}a 12 ] cosec 8 for okl
reflections.
Table I1I-1b
Reflect ion B sin © sin® o dn10
0y24y0 46,0° 10,7000 0.5000 16,260 A
3,15,0 56.0 0.8290 0.6872 16,141
2,16,0 57.4 0.8425 0.7098 16,136
0,17,1 61.0 0.8746 0.7660 15,145
3,16,0 61.3 0.8767 0.7686 15,126
0,15,4 65.8 0.9121 0.8319 15,122
0,17,3 70,4 0.9421 0.8876 15,148
0,18,2 71.8 0.9800 0.9025 16.136
041644 72.8 0,9663 0.9126 156,132
A 7 6y14,0 74,0 0.9610 0.9235 16,111

A g 74,6 0.9638 0.9289 16,107
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The extrapolated value of dnyo from the graph 1s 15.09)
*0,022 .. b = 15.00% 0,022 (=dy,).

Length of axis 'e' :~ '¢' was measured from seven reflections
of the type okl (Table II-le and graph s'wwn in Fig. 1I-3)
using the formala

A c 8i 2.2 '
dnpy = -y 13,(...%.9._) k] cosec 0,

Table II-le
Reflection 9 sin 8 sin® 8 dony
used

0,0,6 4.1°  0.7443 0.5639 6.210 &

0,1,7 60,7 0.8721 0.7606 6.198

0y 4,7 63,4 0.8938 0.7988 6,201

046y 7 67.3 0.,9286  0.8510 6.198

07,7 70.3 0.9412  0,8859 6.194

0,8,7 74,1 0.,9617  0,9249 6.193
Ay 0,9,7 79.9 0.9844¢  0.9691 6.184
Ao 20,8 0.9871  0.9744 6.183

The extrapolated value of ‘001 from the graph 1s 6.188
£0,0032 .. e » 7.08% (=dyy/stap). The finel
call dimensions are thus :

0 e ] O
a = B,18 A; b = 15,09 ' § ¢ = 7,038 A; ﬂ- 118.3°-

t+e0.005 Yoo Ye'Qe}h
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(11) The crystal density determination :~ The
density was measured by the flotation method using & solution

of Lithium bromide in water. 7The aversge observed density
‘. 103’? ‘0/.10

(111) Number of molecules per unit cell :- The
number of molecules per unit cell n was obtained from the

gormala n = (V.N.P )/M vhaere

= Avogadro's number,
M = The molecular welight,

= Volume of the unit cell,
P = Observed density,

n = The number of molecules per unit cell,

This gave the value of n as 4 molecules per unit cell and
ecaleulated density zs 1,319 ;./ml8 .

(iv) orpti fficient 13- The linear
absorption coefficient for CuX radigtion was cazlculated by

the following formula :
P2 B Ag
nw
wvhere [ is the density in n./ons, n is the number of atoms
having atomic weight W snd gram atomic absorption coefficient
Mgl the summation 1s done over all types of the atoms
present.  caleulated is 9.7 ea™l,

P-
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(B) Collection of data and estimation of intensity :-

Three dimensional intensity data were collected from
equi~inclination Weissenberg photographs taken with unfiltered
Cu radiation. Data were collected from zero to sixth layer
Welissenberg photographs about the a axis, the cross section
of the crystal used being 1.5 x 1.3 wa®, Data were also
eollected from zero to filth layer Welssenberg photographs
about the ¢ axis, the sross section of the crystal used being
1.0 x 1.4 nn” of the 972 observed reflgetions, 580 were
present in beth sets of photographa.

The intensities of the reflections vere measured
visually with the help of an intensity scale prepared in the
following way. From the zero layer Welissenberg photograph,

a strong reflection with a good spot shape was chosen which
was sufficiently separated from other reflections and the
erystal was oscillated through 10° about the angular position
of this reflection. The film cassette was kept stationary.
The exposure was given for onae oscillation. The csssette
was shifted by 5§ mm. gnd the next oxposure was given for two
nseillations. Thuas by shifting the cassette and increasing
the number of oscillations each timze, a set of diffrsction
apote of known relative intensities was obtained. X-rays
were generated by a stabilized X-ray generator (Fhillips

PW 1010), and errors in the intensity scale due to current
and voltage fluctuations are not expected to be large. The
visually eatimated intensities were corrected for the follow-
ing effects.
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(1 ren Polarizati Lp) factor :~ The
Lorentz factor arises from the variable time opportunity for
reflection, which is offered to the various planes by the
geometry of rotation. The reciprocal points near the origin,
obvisusly move more slowly, vwhile those away from the origin
move faster. The polarization factor arises on account of
the uneven loss of intenaity of different reflections due to
different degree of polarization of the diffracted X-ray
bean. The relative Iintensgities I of diifracted gpots on
equi-inclination wWelssenberg photograplis are given by 1?21"( DI
where ¥ i the structure factor and D = (& cos 8)/(l+o0s? 20).

(11) Effect of spot extension :~ In the higher layer
photographs, the reflections get extended on one side and

eontracted on the other sida., 3uppose the crystal consists
of small mosaics having slightly different orientations. Aas
the crystal rotates, the different mosaics giving rise to the
samge reflection do not reflect the incident beam st the same
tine. Wwhen the film movement and gpot growth are in the
same direction, the spots get sxtended and vhen they are in
opposite directlions they are contracted. The eorrection for
spot extension was applied by the expression I = y,le where
W= (A+AA)/4A and Je is the intensity of extended spot; A
is the area of spot wvhen cassette 1s not moving.

The intensitlies of higher layer photographs were
measured from extended spots. Both the corrections for Lp
factor as well as for the effect of spot extension depend on
the Bragg angle ® snd the reeiprocal coordinates (& ,C ),
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The combined correction factors for both the effects are
tabulated in "International tables for X-ray ecrystallography"
(Volume III). These tables were used to correct the inten-
sities. Absorption correction was neglected.

The oorrected intensities from the data about the
twvo axes were brought to the same scale by comparing the
intensities of the common reflections,

(111) 8 t rature fgctor :- The relative
intensities wvere put on an iKi’J’J&mu". scale and an overall
temperature factor B was determirnd by Wilson's (1942) stati-~
stical method. The reflections from three dimensional data
were divided into gzones lying between certain values of sin §.
The mean value of the observed intensities J{I> ( = é.nl_
where < I denotes the sum of the intensities in & certain
ronge and n, the number of reflections in that range) was
evaluated over each zone, The constant C vhich makes the
average equal to & t:; i.86, C = ( £tﬁ)/<1> was found;

‘n is the scattering factor of an atom at rest, the summation
being done over all the stoms in the unit cell. McWeeny's
(1981) values of scattering factors were used. Log,C wvas
plotted against the mesn value of sin® O/c\g for each zone.
The slope of the line drawn through the plotted points gives
the value of 2B, The intercept at sinf = O gives the value
of 1logeC, and hence C,, the scale factor. The graph of log,C
against s1n% /" 1s given in Figure IT1-4 and the correspond-
ing data are given in Table I1I-2,
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Table II-2

No. #in 8 sine/p ° grg L1 c-ﬁ;.?? log,C

1>

1. 0.10 0,0042 1630.4 54.956 29,66 3.38
2., 0,2 0,0266 9562.8 93.30 10.21 2.32
3. 0,36 0,0820 608,8 39.97 156.23 2.72
4. 0.45 0,080 383.2 17.40 22,03 3.09
b, 0.8 o0.1270 262,8 4.70 55.81 4.02
6. 0.68 0,1780 192.4 3.01 63.92 4.16
7. 0,76 0,2400 154.0 2.17 71.10 4.2
8, 0.8 0,3038 133.0 0.0 266,00 5.08

From the graph B = 4,1 22. and the scale factor 1is 14.9.
This scale factor was used to place the reflections on the
absolute scale.

(1v) Determination of space group 1~ The observed
systematic absences are @

o,k;0 - absent for k odd
h,0,1 -~ absent for 1 odd

These absences imply that the space group is P2,/C.
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PREL IM INARY STRUCTURE

A crystal can be emsidered as a continmuous distri-
bution of electron density. The electron density reaches
to a maximum at the atomic centre and falls of asymptotically
to zero in the space between the atoms. This distribution
is triply periodic and can be represented by the Fourier
series

o
Plxyysn) = % £z 1g___mmma) oxp. {~271 (hxviy+ls)?

serwe (III-I)

In this equation f(x,y,2) is the electron density at the
point (x,y,2) and V 1s the volume of the unit cell. The
tern P(hkl), called structure factor is the expression which
gives the amplitude and the phase of the wave diffracted by
the contents of the unit cell in the direction of (hkl)
reflection. By sumaing up the Fourier series one can get
the electron density distribution in the crystul and hence
the erystal structure. The magnitudes of the structure
factor can be measured experimentally but in recording the
diffraction patterns of the crystal, the mowledge about
the relative phases of the diffracted beans is lost.
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A general method of overcomning this difficulty is the
method of 'Trial and error'. In this method, an atomie
arrangement that conforms to the space group symmetry and the
chenical formila is postulated and the phases of the structure
factors are determined. The success of the crystal structure
deternmination depends on the fixing up of the correct trial
structure. 7The trial structure of o-methyl amino benzoie
acid was fixed on (0,0,1) projection from the combined infor-
mation, obtained by the methods described below @

Patterson functisn :

Patterson function p(ua,v,w) at the point (u,v,w) in
the unit cell 1s defined by the relation

1 1 1
P(uyvew) = V é ( g Pxyyr2) f(xvu, yovy, zew)dx.dy.ds
5

seese (III-2)

vhere ((x,y,2) and f(x+u, y*v, z+w) are the electron densi-
ties at the pointas (x,y.,z) and (x+u, y+v, z+v) Prespectively.

It can be shown that expression (III-2) simplifies to

00 2
Payv,w) = =5 € € )F(hk1)) ocos 2 (hx + ky + 1z)
h X l=-o
ceees (I11-3)

For the Patterson projections P(u,o,w) and P(o,v,w) the
expression reduces to

2
Puyow) = = S < |PoD)| cos o (ma + 2w

ceses (I11I-4)
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2
P(oyv,w) = i- % c;_’ |P(okl)]  cos 2F (kv + 1w)

eesee (III-B)

2
The |F(hkl)| wvalues are experimentally available, so

the series can be summed up without the knowledge of phase
angles. A peak in the Patterson function implies the presence
ol two atoms separated by a veotor distance equal to the
veator distance of the peak from the origin. The height of
this peak depends on the product of the atomic numbers of

the two atoms involved, In a structure of N atoms there are
N Patterson peaks. Out of these N° peaks, N peaks will occur
at the origin since they correspond to the interactions of the
atoms with themselves. The remaining N(N-1l) peaks are distri-
buted over the unit cell. Half of these peaks are related by
centre of symmetry to the other half. 5o there are only
N(N-1)/2 independent peaks, For crystal structures, contain-
ing several atoms of almost equal diffracting power, these
peaks are not gll resolved, and overlapping of the peaks
complicates the derivation of the original set of atoms which
give rise to the particular vector set.

The chances of the interpretation of the Patterson map
are greatest vhen individual peaks are resolved to the greatest
possible extent. This will be so Iif the intensities used as
coefficients of the fourler series correspond to the intensi-
ties given by the point atoms. But if the Patterson function
is modified for this only, then each peak will be surrounded
by diffraction rings due to series termination error. Some of

~
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Pigure III-1 : (100) Patterson map.




the suggested modifications therefore include both the factors,
one of which will sharpen the Patterson peaks while the other
will reduce the effect of series termination to a certain
extent. 3Schomaker and Shoemaker (unpublished) suggested the
I»llowing :

o 2 2
M(3) = -—%é-s exp. (=T 3°/p)

This modification reduces greatly the influence of low angle
teruzs on the Patterason fanction, which is useful when they
are likaly to be in error through extinetion.

In the present work the sharpening of the Patterson
function was done by mltiplying the corrected intensities
of each reflection by 32. where 5 1s the reciprocal lattice
vector from the origin. The (1,0,0) and (0,1,0) sharpened
Patterson projections of o-methyl amino benzoie acid were
obtained optically with the help of von Eller photosommateur.
They are shown in Figures III-1l and I1I-2,

In the (1,0,0) Patterson map, the pesks fall on
(0;441) snd (0,;4,1). Yo ather prouinent peaks are sesn., It
ean be inferred that the molecules lie near the (0,4,1) wnd
(054,1) planes.

The (0,1,0) Petteraon map shown in Figure 1I1I-2 yas
obtained with 45 peflections. (5,0,2) and (3,0,4) are very
strong reflections and in the (0,1,0) Patterson map all the
pecks lie near these planes. With the help of this informa-
tion and assuming plane centrosymnetrical dimers, a trial



Figure 1I1I-2 : (010) Patterson map.
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atructure in this projeciion cosuld be postulated as shown in
Figure I1I-2., This projection c¢ould not be refined due to
intense overlapping. Ra{tavar, with the help of this projection
and bearing 1ia mind that the avlecules lie near (0,4,1) and
(044,1) planes a model of the structure was set up and its
projection on the (X,Y,0) plane was plotted as shown in
Figure III-3. F(h,0,0) computed on the basis of this trisl
structure gave reasonable agreements with ¥,; however, the
agreenent for F(o,%k,0) was not satisfactory, thus lsplying
that y paramstaers required improvement, In order to iaprove
the y parameters, the Harker iine »r(o,v,}) was plotted.

For the space group F'BJ_/C (to which this structure
belongs) the Harker line P(o,v,¥) contains peaks at
{0, 1=2y, 3) due to interaction batween the symmetry related
atons (x,y,2) and (x,d-y,¥+2) and is given by

0 2
Plo,vyd) =5 S S |P(hkl)] eos 2F (kv + 3)
-0

2
= %§22 -t | P{nk1) | 3 cos 27 kv
'E X RN (III‘G)

Ployvyw) line is shown in Pigure III-4, The distances
of the peaks {rom the origin give us the values of }~Zy for
different atowd. Aslthough thers is overlapping of peaks in
the Harker line, y parameters could be improved with its
hely and a better trisl structurs in the (12:!;0) projection
could be set up.
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With the help of this trisl structure, the phases of
the F(hko) structure factors were obtained and a Fourier map
taken. The x and y parameters obtained from this map were
used to find the phases again, and the Fourler map obtained
from the nev set of phases is shown in Figare 11I~5. The
x and y parameters were refined by three oycles of least
squares and the R factor reduced from 0,28 to 0,23. The
values of x and y coordinates were used to find the z coordi-
nates Irom stereochemical eonsiderations sssuming a plane
centrosymaetrical dimer. The z ocordinates thus obtained
were used to plot the molecule in the (210 and (170) proje-
ction and it was seen that the model of the molecule so
obtained is in agrecment with the pstterson maps.

From the values of the coordinates obtained, structure
factor calculations were carried out for (100) projection
and % was 0,26 for Bl reflections. "he z parameters were
further refined by means of difference Fourier synthesis
ti1l R was reduced to 0,21, The %, y and 2z parsmeters thas
obtained (shown in Table III-l) were used for the refinement
of three dimensional data, using the method of least squares.



Flgure III-6 : (001) Fourier map.




Table I1I-1

Fractional enordinates snd temperature factors

3r.
No.

G e S W S SR B . B A O T D SO g S VU . e P W O D W D N s D S S B S N T Y S S S S B A T . -

1.

2.

3.

4.

8,

.

(Y

8.

9.

10,

Atom

x

0.1438

0.0106

0.0880

0.2688

0.30912

0. 3280

0.,0834

~0.3067

0.2114

-0.0708

“0,1731

b 4

0.0919

0.1310

0.1741

0.1639

0.1129

0.0765

040569

0.2080

0.0044

0.0849

0.1494

-0,3005

-0, 5380

«0,6706

-0. 6260

~0. 4464

-0, 2962

-0,1907

-0.7845

~0,0248

-01,2183

-0, 8870

e
B A2

4.1

4.1

4.1

4.1

4.1

4.1

4.1

4.1

4.1

4.1

4.1

- -



CHAPTIER =~ IV

THREE DIMENSIONAL REFINMENT

For the three dimensional 'Least Squares’ refinement
of atomic parameters and individuasl isotropiec temperature
factors all the 966 observed general reflections were used.
Parameters from Table III-1l were used as starting paraneters.
The refinement was done on CDC~3600-160A computer at Tata
Institute of Fundamental Ressarch, Bombay. The following

expressions were used :

Fa(hkl) = 5 4 (Atomic scattering factor part) x (geometri-
1

cal structure factor part).

For space group P2,/C, the geometrical structure
factor part is given by

and B = O

A = eoaa'l'(hx+1:¢§;&) ooozﬁ‘(ky--"s:-%’-)

saere (Iv-l,

The atomic scattering factor E(J) for each reflection
was taken as E(J) = Scat J x W(J) where J indicates the type
of atom (1.e. 0, N, C or H), Seat(J) = A exp.(-aP®) +
B exp.(-bP?) + C and W(I) = exp.B(I) x (=PD. In these
equations i, &, B, b and C are the analytical constants for
atomic scattering factors and



- P8 -

-
P2 e (’-%-‘2) . }39 - %(hﬂa‘z + kX2 4 1242
fhla*c* cospe*)

sHe e (IV"E)

Throughout this work unity has been taken as the reciprocal
constant, so that a* = 1/a sing, d* = 1/b, e* = 1/c sin 2
and 3 = Z2gin 8/?\ .

The values of the anslytical constants used were taken
from F.H, Hoore's table (1963) and are tabulated in tadble IV-1l.

Table IV-1
Analytical constants for atomie
scattering factors

for Cu range.
Atom A a B » c
C 1.620 5.780 2,088 £8.126 1.380
) 2.708 7.081 2,810 23,810 1l.474
0 3.811 6.363 2,633 21.1901 1,660
B 0.4629 2.077 0,5148 33.154 0.0207

The atomie paraneters were refined {irst by using
isotropic temperature factor by the least squares projraumme
using block diagonal approximation., Initial value of R was
0,184, In five cycles it became 0,143, At this astage
difference Fourier maps were taken for (001) and (010)
projections and the hydrogen atom of the carboxylie group
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was located. The hydrogen atoms of the aromatic ring were
also included in the least squares refinement gt this stage;
their positions were fixed f{rom stereochemical considera-
tions.

During the isotropic refinemant g weight of unity
was given to all the structure factors, so the convergence
wvas rapild. An overall scale factor was used in the programme.
At this stage, anisotropic tempersture factors were Iintro-
duced for the further refinement of the astructure.

Met'nd of least squares and
block diagonal spproximation

In the least aquares refinement applied to all the
three coordinates of n atoms simultaneously and usiang the
anisotropie temperature factor, the noramal equations may be
written in the form

A1y Ly Mgy Mgy 04y Pry Q1g Ry Sy4 h
Byg "‘}3 "}j 0}3 5’}; ‘i&; “}; '531'; U?
Cyy Wi 0fy Piy 41y A%y ui

Dyg 0?4 P?g Q?: “?3 "3:1’3 , _ vy

Egg ":3 ’*3‘:3 H:: 3:3 Uf

¥y ‘2’?3 R?J 3?3 ug

Gg4 RYy 5§, 14

Hyg 814 |73

Iy \"g

(1" = 1,3,3.-...!") cesy (“'3)
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vhere the matrix coefiicients consist of eighty one blocks
(Ag13> Lygs Mgy «vees ete.) and each of these bloeks has n?
terms with following typical elements. A welight of unity is
assumed.

Qr 2

13 * ‘331 b %4y ¥y b'.;; '
O ‘Dr* < OF OF
é‘?xi Blj : %13 blly "bbu; ;
. cRE_ DF e 28 Ok
ey DvuB, 13 * 2 5o Dvas, |
snd so on upto
? *
E‘ana, ?bxa,
O  Or 28 OF
1 = N e o - .
13 2‘311 Br; 1 ";‘bx; Doy
and so on.
1 _ < 90F OF 1, %L P
Y E2%y, T "y " €5y, ®il,
and so on.
dp_ . Op 2 oF L OF
.é'bsg 0bll, *%- " 2'}:& ".55223
and so on.

“Senva (I"‘)
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The eolumn matrices in eguation (IV~3) have been
written for brevity In terms of submetrices. Thus Axg
stunda for the volumn subzatrix (A xyy DXy AXger.-oo Niy)y
and similarly for N\ ygs Dugy NAblly, AD22, ete.

i ZZ ¥ ) 2 QF ,
Uy = : F =F) U (F -F)
P—L - -
= S X (Fo~Fg) 3 é bll.i (Fo=Fg)

and 3o on wupto

9 i -

I EE RN ] ( IV'ﬁ)
The summations in equations (IV-4) and (IV~8) are

over all the structure factors used and unit weight has been
asaumed,

The lower and upper trisagular parts of the matrix
separated by the diagonal coelfficients are symmetric.

The totals to be stored during structure factor
caleulation ocoupy q locations for the right hand side matrix
and q(q+1)/2 for the left hand side matrix, where q 1s the
mimber of parameters refined.

For the refinement of a structurs containing tvwenty
atoms, g = 181, This gives q{q+l)/2 = 16,471 snd a computer
with a large storage is necessary. EZEven for ths largest
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‘eomputers available the term in q° leads to difficulty for
relatively small q and 1t may become necessary to leave out
some of the off disgonal terms of the left hand side matrix
which are known to be small. A commonly used approximation
is that of anitting all off-diagonal terms except for tivse
between x, y and z of the same atom and those between B4
of the same atonm

Standard deviations of stoanie
and therual parameters

The genersal equation for calculating £ , the
standard deviation for any parameter pl is (Stout and Jensen,
1968)

/ [}
6p1 = / b!t(ﬁl ".avg)/"n ssamn (IY‘G)

where bgy 1s the ith disgonal element of the least squares
inverse matrix, w, the weight of the rth DF, & the mumber
of observations and n the masber of parameters.

snisotropic temperature factor

For the space group pal/c, the squivalent points are
S (xyyy2)3 * (x, $vy, d+2). Vhen the vibrations of the
atoms are anisotropic, the thermal vibration ellipsoids of
the pair of atoms (x,y,2) and (X, ¥, 2) are parallel vhereas
the ellipsoids of the pair of atoms L (x, #~y, #+2) are
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related to the first pair by mirror syametry normal to the
'b' axis. Let the atomic scattering faotor for atoms
L (xyyy2) be

f(x,yy2) = £ exp. -(auh?* . aggka + .3312 + 28y ohk
* 2‘33&1 4+ 2‘13!‘1)

TR X {Iv"?’

The atomic scattering factor for the pair of atoms
% (x, %=y, 3+2) will then be given by

£(x, t=y, 4+8) = £, exp. --(aul!:2 + uazka + asalz - Zalghk

~2a,,K1 + 2a,ghl)

{(Rollet and Davies, 1955 esese (IV-B)

Therefore the expression for F(hkl) becomes

F(hkl) = < 2f, exp. '(‘11"8 5 ‘22*2 . .3312 . Balzhk
* 2apgkl + 2a5h1) .08 2V (hx + ky + 1s)
+ S 28, exp. ~(ay4h? + 8gok?® + ayq1? - 2a nk
- 2ap3kl + Payghl) .cos 2T hx-iyels + ( 5

veves (IV-9)
For convenlence write
¢ = ah® s aggk” + agy1” + Ba, Mk + Baggkl + 2ayghl
D = ayyh® + aggk® + agal? - 2a),hk - Zagykl + 2a;5hl

Differentiating expresasions for the structure factors with
respect to different agy's, we get the following expressions
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QE. o 2ty axp. (-C) oos 2T (hx + iy + 1n) ()

oa
*2f, exp. (-D) cos 27 (hx - ky + 1z + Kby (n?

XEEE (IV“IO)

% = 2f, exp. (C) cos 2W (hx + ky + 1z) (-k°)
" +28, exp. (D) cos 2 (hx - ky + 1z + 55 (-x%
eease (IV-1l)
O F 2
5—-——' atacxp.(-'(:)mazr(hx*iv*lﬂ (~1
"s3 +2f, oxp. (=D) cos 27 (hx ~ ky + 1z + % (1%
sees e (IV‘le)
.2..?.... = 2f, exp. (~C) cos 2W (hx + ky + 12) (-8hk)
At

+21, exp. (-D) cos 2T (hx = ky + 1z + S5 (2nk)

L R R (W~13)

OF . . 2f, exp. (=C) cos 2W (hx + ky + lz) (-2kl)

"0 893
+2f, exp. (D) cos W (nx = ky + 1z + S5 (2w1)

Srane (Iv-l‘)

Op
0 %3

= 2f, exp. (=) cos 27 (hx + ky + 1l2) (~2kl)
+2f, exp. (-D) cos 2% (hx ~ ky + 1z + %}') (-2x1)

essas (IV'lﬁ)

The values of au'a ugsed to start the lesst squares
refinement are those correaponding to the individual isotrople
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temperature factors obtained by refinement,

The values of nu'l given in Table IV-2 were obtained
from the B values {(isotropic temperature factors) as shown
below @

The atomic scattering factor *f' is given by
£ = £, exp. (-B stn® 0/0 ®) ceeee (IV-16)

The expression for f in terms of au's is given by

£ o= £, exp. =(agh® + aggk® + aggl® + 2ap hk + Zaggkd
- 2‘13111)
seens (IV'I?)
From eguation (IV-16)

2 Bg?
f = £, exp. <B/4 (2sind/)) = £, exp. (- -;-)

seave (IV'IS)
Here S = ha® + kb* + l¢* vhere a%, b* and ¢* are the axial
lengths of the reciprocal cell.

5?7 2 (ma9® s 9%+ (1697 ¢ 2(ha®) (1" (cosp )

L E R RN J ( Iv‘lg)
Substituting the value of 5% from (IV-19) in (IV~7)

£ = £, exp. = (Fa®n® e Zoe® 4 2 oe?y?
- 2.% ate*cosp*hl )

sueee (IV“QD)



- 31 ~

Comparing equations (IV-19) and (IV~20) and putting
a*= l/asingi b*= 1/b and ¢* = /e sinpj we get
oy * B/4 a%sinp § agy = B/4 b agy = 5/4 oPatn’p g
813 B oosgr/dacoin®py a0 agy = 0,

Table IV-2

Atom B 8, g 533 "3

C, 4.1260 0.0200 0,0046 0.0%9 0,0110

Cp  4.4700 0,0217 0,0049 0,022  0,0119

€, 4.9314 0,024 0.0085 ©0.0328 0,0134

C4 B.3972 0,025 0.0080 0,0357 0.0146

Cg  5.4980 10,0270 0,006 0.0364 0.0149

C;, 4.9670 ©0,0244 0,0085 0,0328 0.0134 23 ©
C, 4.5249 0,0221 0.0080 0,0298 0,0122 2 ® 0
Cg  5.8013 0,0276 0,0062 0,0371 0.0182

0, 5.0404 0,024 0.0085 0.0328 0.0134

0p  4.7962 0,0234 0,0082 0,036 0.0129

B 4.4642 0,0217 0.0048 0,0292 0,0119

Refinement using anisotropic tempersture factor

Using a“' § given In Table IV-2, least squares refine-
ment of both positionsl and tharmsl parameters was carried out
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for carbon, oxygen and nitrogen atoms. For the hydrogen
atoma, the thermal parameters of the atoms to whiceh they are
attached were used and only positional parameters weres raefined.
The refinement was carried out using Cruickshank's weighting
scheme w= 1/a + |Fy| + ¢ \Poiz vhere a = 2F,,, nd

¢ = % Fgax+ in the prosent work a2 = 2.4 and o = 0,010,
Initial value of 3 was 0,142, In 6 qycles the value of R
became 0,178,

At this stage the diffsrence Fourier mgps were taken
for the three projections with the help of Eller photoscuna~
teur and the positions of the hydrogen stoms of the metiyl
group a3 well as the hydrogen atom of the NH group were deter-~
ained, These hydrogen atoms were then included in the
stracturs refinement; in three cycles R factor became ©.101.
The therzal parauneters were refined for heavy atoms only
for hydrogen atoms only positionsl parameters were refined.
The final atomlc and thermal pareusters are listed In Table
Iv=3 and Table IV-4.
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Tsble IV~3

Final atomic parameters with standard devistions.

Atom 4 b4 z

D e W\ S A S D S W T D U, A S N R iy e TP e O W SO g U B VD A W A A YT R D A N Vol N N A U S e W S0 U e B T A~

C,  0.1420 % 0,0007 0.0908 £ 0,0003 -0,3482 T 0,0008
Cp  0.0128 L 0,0007 0,1372 * 0,0003 -0.8352 t 0,0009
Cz  0.0871 % 06,0008 0,1737 T 20,0004 -0,6678 £ 0.0010
Cq 0.2667 L 0,0010 n.1627 % 0,0008 -0,6200 £ 0.0011
Cg  0.3907 L 0,0009 0.1142 ¥ 0,0008 -0.,4442 £ 0.0012
Cg 0.3200 % 0,0008 0.0788 £ 0.0004 ~0,3060 % 0.0010
Cp,  D.0808 I 0,0008 0.0841 I 0.0004 0,194 * 0,0008
Cg ~0.3082 I 0,0010 0.1922 Z 0.0008 ~0.7799 * 0.0011
0y 0.2113 % 20,0006 0.0112 % 0.0003 -0,0274 £ 0,0006
%

¥

-0.0779 L 0,0006 n.0818 < 0,0003 -0,2180 £ 0,0006

-N.1608 % 10,0006 0.1493 t 0,7003 -0,8886 t 0.0007
R, 0.401 L 0,000 0.044 £ 0,008 -0,184 % 0,011
Hg 0N.543 2 0,010 0,108 * 0,008 -0.421 % 0,012
Hg  0.280 % 0,010 n.191 < 0,008 -0.707 % 0,013
Hy 0.028 0,009 0.208 & 0.006 -0,776 * 0,012
Hy 0.207 L 0,010 -1,024 T 0,006 0.044 % 0,011
Hg =0.266 L 0,010 n.200 % 0,0N8 -0.812 % 0,012
Hy, =0.300 % 0,011 0,140 % 0,008 -0,903 % 0,012
Hg ~-0.426 % 0,010 0,192 % 0,006 -0.760 ¢ 0,012
Hy -0.227 I 0,009 0,121 % 0.008 -0.508 % 0,011




1 IV-4

Fingl therzal parameters,
The antisotrapic therasgl paremeters ( x 10" )} gre of the form

T = exp. _(‘uhg + umkg - 133}.2 + a.mnn + g'eakl * aamhl)

Atom &y S0 8 42 %03 %3

D T e - SR W B S 00 T W S D e S e e R S T S W R T S e T S . -

Cy 2311 43%2 20213 -3t4 -1%5 11410
Cg 229111 42%2 24325 -3%4 ~6256 120% 11
Cg 267113 e T3 333%16 B85 W6 16813
Cq 331 17 8t 4 437 te2-<1nte oite =8 L7
Cy Pé3 Lt 14 69t 4 a9t 2 11t 7L7 182216
Ce 230 T 12 B8 I3 G 1B BI5 14T6 10913
Co 244 T 12 6123 281 L 13 3fte4 2156 e8lll
Cq N2 Ile 844 W32l L7 L8 169 % le
9 274 110 73 L2 6 t1l 22 L4 36t e 132i

Og 267 L 9 672 21211 1524 3224 1332

] 239 T 10 60 L2 290713 16% 4 2425 124 T 10

-~



CHAPTER - Y

RESTULTS a0 DISCUSSION

This chapter is divided into two portions (a) Crystal
gnd moleaular structure, (b) Thermal anisotropy.

(a) Crystal and wolegulsr stracturs

The bond lengtha and bond angles are given in Table V-1
and sre also shown in Plgure V-1. The C,=0,,Cp=0p, Cp~N and
H-Cq bond lengths have been corrected for the effect of libra-
tionsl motion; the method of applying the correction is
given in the next section (page 56 ).

The standard deviations in the bond lengths are given
by

2
62 (dla, =] 62 (tl) * 6 {:ﬂ) sesss (V-1)

where € {(xy) and 6 {2o) are the deviations in the atomie posi-
tions of atom 1 end stom 2 respectively snd § “13) is the
standard deviation of the length betwaen theu.

The standard deviation £ (8) in bond angles is given
by

® e 2 2
)
(2 = LT, 6 P49 +f...‘.'%’. rees (V-B)
(dlg)g (61133 (ﬂga) (d@)

vhere @ is the angle subtended at atom 2 by the bonds Irom
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Igbla V-1

Intramolecular bond lengths and angles.

Bond Bond lengths (2 Bond angles

TV - o S T -

Tnoor~ Corre- 8.8.8.
rected oted

e - e S T N S W o - - - - - A S W e

C3-Ca  1.422 0.008  C4-Cy=Cp 1208 & 0,5°
Cp=Cy 1.439 0.008 €y ~Co~Cg 116.6 £ 0.5
Ca=Cq 1.348 0.010 Cg=Cg=Cy 122,83 £ 0.6
Ca~Cs 1.378 0.011 Cg~Cq=Cy 122,4 = 0,7
Cs-Ceg l.414 0,010 Cy~Cy~Ce 117.7 £ 0.7
Cg~Cy 1,396 0.008 CgC~Cy 121.2 £ 0.6
Cy~Cq 1.492 0.008 Cy ~Cot 123,0 £ 0.8
Co=0y 1.3%0 1.332 0.007 Cy~Cop~R 121.4 % 0.8
Co=0g 1.229 1.238 0.007 CoN~Cg 123,9 + 0.6
Co=N 1.365 1.373 0.008 0yCp~Cg 2.2 * 0.8
N-Cp 1.441 1,466 0.009 Cy ~Cp=Og 124.0 % 0,6
97 - Ny 2.673 0,006 C ~C -0 114.8 0.8
(xyy, 2 (itiim
Og=N 2,672 0,007

mtm‘d‘..l L4

T B o T W 0oy B T T T Y D " T I 1 LI N A g W A AW s A O O A5 . 0 Y T RGO Wy W e - -



Table V-1 (eontd.)

o
fond Bond lengths (&) Bond angles

A S o -

n;c@f" Corra=~ GeBoly
rected cted

CeHy .94 0408
Cg-Hy  1.18 0.08
Cq=Hg  0.79 0.08
CyHy  0.83 0.08
N~y 0.97 0.07
0°Hg  0.74 0.08
Cg*lg 1.1 0.08
Cg=fly  1.09 0.09
Cg~Hg  1.07 0.08
Op-Hy  2.02 0.07




-aﬂ

atoms 1 and 3. 4(r,), 6(rg) and é(ry) are the stendard
deviations for the coordinates of the atoms 1, 2 and 3 reapect~
ively. dln, dm and dga are the bond lengtha.

Teble V-2 gives the equations of different planes with
respect to &', b, ¢ orthogonal axes, and the angles between
the planea, Table V-3 gives the deviations of the atoms from
different planes. The equatious of the planes were obtained
by the method of 3chomaker, Waser, Marsh and Bergman (1969).

Table V-2

Equations of planes

Flane Bquations
1. Bﬁzm 0.2000 x + 08410 y + 0, 4783 2 + 0.7419 = O
ring

2, Carboxylic 00,2681 x+ O,BO1B y » 0,45626 2 ~ 0,0890 = 0O
group

3. Plane 0.2330 x + 0,8822 y + 0,4002 2 = 0,989 = O
through

G
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ingles between different planes

Plane (2) (3
(1) 1.3° s.8°

(2) - 3.4°
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Deviations of astoms Trom Aifferent planes (A)

Atom - R _ F&ﬁ" e
S O T N

Denzene Carboxyiie Plane through
ring group Coult and Cg

Cy 0.016 -0,012 «0.072

Co «0.016 . 0,000

Cg3 0.001 - 0.112

Cq Nn,015 - ~

Cy ~0.014 - -

Cg -0,001 - -

Co 0,072 0.000 -

Ca “0.129 " 0,000

0y 0,08% 0000 -

Og 1,096 0,000 -

] -0,026 - n,.000

Hy “0.03 - -

Ho -0,06 - -

He 0.08 - -

He 0,04 - -

Hy 012 -0, 28 -

He 0461 " 0.7

Hy ~1.80 - ~1.06

Hp 0,06 - 0.04

Hy -N.12 - 0,18

M st



pISCUSSION
The fie »

The estizgted standard devistions (e.3.d.) of the
carbon-earbon bond lengths are from £ 0,008 2 to £ 0,011 3.
The individual bond lengths of the aromatie ring deviate
significantly from the norasgl value (1,393 ?\); the devia-
tions are however, comparshble with thwase observed in the
structures of anthranilie acid (Brown, 1968), 2-amino
S-methyl benzoic acid (Brown and Marsh, 1963) and 3-B6 dichloro
anthrsnilic acid (Arora and Pant, 1969). Figures V-2 and
V=3 give the molecular dimensions of the two crystallographi~-
cally independent molecules of anthranilic scid, and of
2-amino 3-methyl benzoic aeid and 3-8 dichloro anthrsnilie
acid respectively.

The sromatic ring is plsnar within 0.02 3; the
parallel bonds C;-Cyp and Cu=Cy of the ring are bent out of
the plane by about 1° in opposite directions (Table V-3).

HMethyl amino group

The C~HHCHg distance in o-methyl amino benzolc asecid
is given in Table V-4 along with C-¥ bonds in similar
structures for couparison. jome of the bond lengths are
corrected for the effect of librational motion. It may be
of interest to mention that while in p-nitro aniline the
amino group is coplanar with the attached carbon atom
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Table V-4

C-N distances in some wapounds

Compound

C-5N in?x

Reference

A QU T W A U TEE 0 T D S S TS S T A SN NP T Sy D U R T P S A A G S OO T D W, St S s ey O S S TR S

o-methyl anino
benzole acid

2«amino 3-methyl
benzoic acid

p-nitro aniline

p~anino benzoic
“mtﬁg aphi
erys -
zm:;mm
molecules)

1.373 £ 0,008
{ enrrected)

1.368 € 0,008
{uncorrected)

1.367 & o002
{uncorrected)

1.371 £ 0,007
(oorrected)

1.353 £ 0,007
(uncorrected)

1.378 L 0,006
(uncorrected)

1,382 L 0.006
(unoorrected)

Presant work

Brown and Marsh
{1963)

Traeblood,
Goldish and
Donohue (1961)

Lai and Harsh
(1967
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(T"rueblood, Goldish and Donohue, 1961; page 1014), nitrogen
atoms gre signifiecsntly non-planar in the molecules of
p~anino benszoie acid (Lal snd ‘‘arsh, 1967; page 829); the
positions of the hydrogen atoms of the anino group in
peamino bengoie acid correspond to a configuration about
aidway between tetrahedral and planar. o-methyl amino benzolc
aeld (ref. Table V-3) and 2-amino 3-methyl benzoic acid
{Brown and liarsh, mcaf page 201) have a more nearly planar
nitrogen atom. These results reflect In & general way the
degree of double bond cheracter of the C-H bonds as revealed
by the bond lengths., Thus, significant non-planarity of the
aminoe group in the molecules of p-amino benzoic acid suggests
lesaer double bond character of the C+N bond; the C<K bond
in these molecules is therefors s little longer (ref. Teble
v-4).

Carboxylle group

The stom Cy and the sarboxylic group are coplanar
within experimental error, but this plane is bent out of the
aromatic plane (Table V=-3). The bond lengths and angles of
the carboxylie group in o-methyl amnino benzole seid and in
similar structures are compared in Table V«0. The carboxylic
group takes part in dimer forsation with the carboxylie
group of the neighbouring molecule through the formation of
intermolecular hydrogen bonds of O«H---~0 type.

In the sarboxylie group there is a short C,~0y bond
(1,238 2) and @ longer C7-0, bond (1,332 2). The short bond
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is assoclated with C,~C,~0g sngle of 124,0° and longer bond
with an angle Cy=C,~0, of 114.8°; the sngle 0,~C,-0; is
121,2%, The obtuse angle 0-C~0 may be attributed to the
charge repulsion between atrongly electronegative oxygen
atoms. %he dimensions of the carboxylie group reveal a signi-
fieant distinotion between the twe C~0 bonds, both in bond
lengths and valency angles. This feature is observed in many
garboxylic aeids.

fydrogen distonces

By looking at Teble V-1, the distances of the hydrogen
atoms from the non~hydrogen atoms to which thay are attached
are from 0.8 4 to 1,18 4. According to P. Coppens (1972) the
*~H bond lengths ( X = C H,0) as determined by I-ray diffra-
etion are shortened because sn appreeisble part of the charge
on the hydrogen atom is displaced towards the bond centre.

The shortening of the X~H bond is, to & large extent, the
result of an incorrect scattering formalism rather than an
inherent property of the i~ray data. Use of an improved non-
spherical formalism can correct the effect. A one centre model
in which a hydrogen atom is polarized towards the X atom may
be adequate for a correction of the bond length. Lquations

for the hydrogen wave function have been described as a mixing
of 1s and 2p orbitals, the positive lobe of the p orbital being
directed along the X-H bond.

However the variations of the X-H distances in the
present work are no doubt due to the linited sccurgey of
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visual intensity estimations,

Intramoleaular m»gm bond

The hydrogen atom Hg attached to the nitrogen atom
sppears to de involved in an intramoleeular K-H-~--0 hydrogen
bond of length 2,672 % 0,007 4. FHowever, the infrared
studies of Jose st al. (private communicstion) in this labora~
tory shows that the hydrogen bond is very weak. The short
N-0 distance (1.e. 2,672 1) appears to be due to intramolecular
overerowding rather than due to & strong hydrogen bond. The
large 0-N-H sngle (30°) seems to confirm that the lydrogen
bond 1s weak.

g__tg-tn structure

The projections of the structure on (001), (010) end
(100) plenes are shown in Pigures V-4, ¥~8 and V-6 reapectively.
The short intermolecular contacts are shown in Figure V-4.
In these figures, all symsetyy related molecules in the uynit
cell and few neighbouring molecules are shown. The prineipal
intermolecular contacts ure hetwaen the oxygen atoms of the
garboxyl groups of the neighbouring moleaules (xy¥,2) and
{(%,7,%) forming dimers, the distance between the oxygen atoms
being 2.67 1, These dimers are held in the structuve by
ancrmal van der Waal's interactions.

(b) Thermal anisotropy

The stomic scattering factor vhen the atom is in the
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theraal motion is given by

£ = £, expe ~(ayh® + aggk” + agal” v 2ayghk ¢ 2a
#2%&1’

seesw (V"S)

since x*% = (ha*)ag y'a = (kb*)zs 2% = (10*)2,

ve get

f = to XD ~(‘%xtg¢-:%yogyé%‘.a¢;%§gv.
+ hx'ﬂa#’ Myqt)

ave* beg*
N ("")
The equation of the ellipsnid (with reference to the wmono-
elinie axes a%, b*, ¢*) on wvhich the temperature factor is
unity is given by

813 xe? 2 EN T S, T
-3 = ";:%" ":%' Y e ST geee X
*&yw‘ = 1

boe*
sasse (V=B)

The equation of the ellipsoid with reference to the ortho~
gonal reeiprocal axes a% b¥, ¢'* {(e¢'* 1s normal to the a*d*
plane) csn be obtained using the following transformation
relations :

X* = x* 4 3¢ @.ﬁ »
e = Yy
it = gzt ainp®

LE R E B 2 ('.‘)

el Sat® St i P
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The orthogonal reciprocal axes a*, b*, o'* coincide with the
orthogonal axes a', b, © respectively with respect to which
ths equation of various planes (benzene ring, carboxyl group
ete.) have been determined. Using the relations (V-6), the
equation of the ellipsoid (for temperature factor, unity)
with reference to the orthogonal axes a*, b+, a'* comes out
to be as follows 1

13%% + vog¥e® & b3g2e® » Myg XY ¢ By, qA

*%Y"Z‘ = 1

saeaw (V"")
where b,, = nnla'z. boo = lgz/b’zﬁ

3 ! mt 833 ! acow?: *

B =

- " osin®pe  asovwinps
b 2]

b T e,

12 a*h* .

. T -\

- bretsing ¢ avbe '
93 ' ¥ cotp*
b ue -
13 a*e*ginpg ¢ a*?
Dirvection cosines of the maximus, medium

and minimun vibration directions

The major, wmedium and minor axes of the ellipgoid
{given by equation (V-7)) are parallel to the directions of
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minimam, medius and saxioum vibration of the atom respectively.
The direction cosines of the axes of the ellipsold are obtained
from the matrices formed with the six bu in the following way
(Rye, 1987).

The direction cosines of the maxime vibration direction
are obtained from the following matrix :

b1 e “13\
A =| by Pop Ve
b1 P32 Pgs

The largest column of the matrix 1s multi;lied by the matrix.
Saccessive maltiplication of the matrix by the product is
done till the convergence takes place. T7The finsl eoluam
reduced to unity gives the required direction cosines. The
diroction cosines of the winimis vibration direction are
obtained by performing the same operation on the A “1 patrix.

If (s,bye) and {(a',b',¢') are the direction cosines
of the maximam znd minimam vibration dircctions respectively,
the direction cosines of the medium vibration direction are
given by (be'-d'e), (a'c-ac'), (ab'=-a'd).

Lot the equation of the ellipsold (for temperature
factor, unity) with respect to its axes be

2 . a? 2
Bllx. OBmY' 03332.‘ s 1 essees (V8)

nu, Bgg and Tgq are obtained by successively multiplying
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the matrix by the direction eosines of the thres axes of
the ellipsoid.

oot mean square amplitude

3ince the value of the taemperature factor for a
rociprocal point on the surface of the ellipsoid is unity,
the atomic scattering factor for the corresponding reflection
is given by

2
Therefore BR(sin8/A )8 « 1

e %maw(\)z = 1

or Bs® 22 ('3 = 201M9/A) .eeee (VD)

Let By, correapond to the maximum vibration direetion., It 1s
clear from equation (V-8) that 3 corresponding to the maximum
vibretion direction 1s 1// Bi"" « Theraefore,

B 2 = B

o $B, 4
. 2.2

where !?1 iz the mean square amplitude of maximam vibration.
The values of the root mean square amplitudes of the maximus,
medium and minimum vibrations ( @ ’ J’ﬁg; ’ J’ﬁ_g_;
respectively) for different atoms were calculated Ifrom the
corresponding values of au, Bge and Bgg.
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ingles hetween vibration
and lines or planes

The angle between a vibration direction and a plane
is given by
sin® = p.e ¢+ gud + r.t whers p, q, » are the direction
eosines of the vibration dire-~
ction and ¢,d4,{ are the direction
eocsines of the normal to the
plane.
The angle betwean a vidbration direction and a line
is given by cos8 = p.g' + q.d' + . whore o', 4', £ are
the direstion oonsines of the line., Tabls V-6 gives the
sagnitudes and direction ecsines of the principal axes of the
atomic vibration ellipsoida, the angles between the prinelipal
axes snd the aromatic plane and those Yetwaen the principal
axes and the cl-ﬁ,‘ direction.

Discussion of thermal anisotropy

It is seen from the Table V-6 that the atoms of the
side groups {carboxylic group snd methyl amino group) are
as expected having a large root mesn square amplitude
perpendicular to the aromatie plane. In opder to sec vhether
the cardoxylic group iz oselllating sbout the C3~Cy; dond as
a rigid group, the amplitade of torsional oseillation of the
Cp=0y and Cp=0p bond about the Cy~C, bond was caloulated
as follows 13
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Table V-6

Magnitudea and direection eogines of the prineipal
axes of the atomic vibration ellipsoids, the angles

between the prineipal axes and the aromatie plane
and those between the prineipal axes and Cy-Cy
direction.
atom axts \G2(D  cosq @08 e, ingle ingle
L * 3 Litn with
benzene ~C
plane dive~
ction
€, 1 0,243 0,930 -0,170 <0.326 4" 65°
2 0.228 0.3 -0,079 0.945 e 42
3 o.202 0,197 0,982 0,020 62 )
Ce 1 0,246 0,886 ~0,031 ~0.462 1 4
2 0,240 0,438 -n,0288 0.803 16 45
3 0.218 0,160 0,987 0.241 T4 77
Ca i 0,283 n,388 0,783 0.833 80 88
2 0,260 0,920 «D,264 0,281 7 64
3 0,298 N.079 «ND,603 0.794 6 27
Ca 1 .33 0.675 0,370 0,638 8% K
2 0,208 N.646 -0, 74 0,270 34 81
3 N.242 ~0,366 ~-0,.696 0.721 14 14
05 1 ‘ Qom 0.23‘8 0‘”3 9:801 65 87
2 0.288 ~0,506 0,732 ~0,331 18 63
3 0.243 0.769 n.47 0,499 17 a3
Cg i 0.282 ~0,181 7,308 0.908 47 48
2 0,288 0,88 N.811 =270 43 G
3 0.238 0,842 «0,408 0,328 2 80

continmiedecces

- p S G A N T T S W S W 0 T S W A A T DY W T e e .- -
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Table V=8 {(eontd.)

— Rp—

Atom Axis ﬁ'?d) eowly oo cosX 5 ingle ingle

:&tn vn.g
enzene -
plane :} ‘.‘.’
Co 1 0.264 0.849 0.122 -0,814 4 40
2 0.242 0,082 ~N,088 0,148 63 76
3 N, 280 0,886 ~0,000 0.845 27 83
Ca 1 0,339 N.513 0,818 0.268 71 76
2 0,277 NH81L 0,166 ~0,.741 19 k-
3 0.244 0.0 ~",508 N.616 2 56
01 1 0,306 0,408 0,870 0.277 76 76
2 0,268 N.B01 «0,196 ~0.0B66 13 48
0,226 0,438 =0}, 453 0. 777 6 45
02 1 0.293 0,371 0.867 0.333 79 80
e 0,263 0,878 N, 207 =0.438 ] 55
3 0,219 0,311 ~0.454 0.836 6 37
. ] 1 0.277 0. 442 0.841 0.311 76 =
2 0,248 n,7M3 0,193 ~0.802 14 47
3 0.223 0,438 «0,0056 0,744 2 46
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FIG-V=7 CALCULATION OF THE ROOT MEAN SQUARE AMPLITUDES
OF TORSIONAL OSCILLATION OF C7—0; AND C,—0, BONDS ABOUT
“s ' THE C;—Cy DIRECTION




From Table V-7, it 1s seen that the mean square ampli-
tude of atom 0; normal to the plane of the carboxylie group
is more than that of C; by an amount equal to 0.,093-0,087
1.0, 0,036 3%, Hence the root mean square amplitude of
torsional oseillation of C,~0; bond gbout the C,-C, direction
1s {0.036/1.2 radians, or 9.1° (see Figare V-7). Similsrly
the difference between the mean square amplitude of stom Op
norsal to the plane of the carboxylie group is more than that
of Cy by an amount equal to 0,085 - 0.057 i.e. 0.028 22,
Hence the root mean square amplitude of torsional oscillation
of Cy~Og bomd about C,-C, direction is |0.028/1.02 radimns
or 9.4° (see Figure V-7). 3ince the angle of torsional osei-
1lation of Cp~0y and Cyp-Ogp bonds about the Cy-~C, direction
are both sbout 9%, 1t may e eoncluded that the carboxylic
group behaves as a rigld body and oscillates about the Cy~C,
direction with a root mesn square smplitude of 9. Similar
behaviour is shown in p-nitro benzoile acid (Tavale and Fant,
1971) where the angle of torsional oscillation of the cardoxy~
1ic group 4s 9° and in p-tolule aeid (Takswale and Pant, 1971)
where the angle is 13°.

Some mesn square displacements for correcting
bond lengths for 1ibrational motion

Equation (V-7) givea the equation of ellipsoid for
tempersture factor unity as

by ¥*% + Bagye? + Bygae? + Byp xye + Py yoat
¢ Pbyg x%2¢ = 1
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Tagble V-7

Some¢ umean square displacements (22 x 103)

Atom Direction of displacement**®
Normal to In the vlane Parallel to
the plane® norasl to the bond

the bond
01 83 70 57
C., 57 a) 68 01 b2 01
a7 b} 81 08 o8 02
Og a8 473 70

Cq 48 87 &0

H 76 81 €y 6l Cp

H 76 61 Gy L &y

Cq 111 0 &0

* The vibration directions of 0, Op and C; are with respect
to the plane through 04, C, and Op, the vibration directions
of Cg and N are with respect to the benzene plane, and the
vibration direetions of N and Cp are with respect to the
plane through Cos N and Cg.

*¢ The atoms listed bdesides certain values in the table
indicate the direction of the bond in guestion.
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Bquation (V-8) shows that Bs%/é = 1, Let= , B ,¥ be the
direction oosines of sny direction. Now sinece K= x%3,
= y*/5 and ¥ = g%/3,

ce x* mAS 3 y* =p5 2* =78 .

After substituting for x% y* snd z* the expresaion (V+9)
becraes

-4 2 2 2
huo« 3 whmﬁ 4 *b&r

3%+ myaL3® ¢ mwyyBrs?
+ @uon’;sa = 1
ssese  (V=20)
Taking 3% comaon and rearranging
3‘9. = (7 byl BygC + By s Mgy BT e Toypdy)
seses (V-11)

Substituting the value B = BTZ §® in expression (V-9)
and rearranging ve get

ov?q® . ws® .

Substituting this in expression {(V~1l) we get

2 2 e
U7 = g (X" Bggh Byl ¢ Bygo(p e Mgy A
e T ALE

vesns (V=1B)

Using the expression (V-12), mean square displaceamts along
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required directions were obtained which are shown in Table V~7.

Correction of bhond lm!tha
for librational effects

Cruickshank (1968) showed that angular oscillstions of
the molecules csmse displacements of the electron density
peaske., ¥He geve n formula for relating the displacements to
the amplitudes of small angular oseillations. The error in
the atomiec position with the amplitude of the angular osecil-
letion is given by

32 te
2 1+ 3%q° 1+ t%q

where 3% and 2 are the mean square auplitudes of oselllation
of the atom perpendiealar to the plane and perpendieulsr to
the bond in the plane. qs is the breadth parameter which for
carbon stom is taken as 0.13 4 (Cruickshank, 1986). It 1s
seversl times larger than 3° or t2, hence it is suffielent to
have an approximste value of q°; a value of 0,13 4% has been

taken in these caleulations.

The corrections were calculated for the side groups
and are shown In Teble V-B. For the other atoms, the libra~
tion corrections are insignificsnt.



Corrections for bond lengths due to

Table V-8

librational motion

Bond

Corrected
bond

length

A R O W 0L S OO B WO D G G e R R S 0t 0 TN A S A By S D U T S A R S S S e W T

S0
S0

Co-N

N

Unaoreested Correetion
1.321 1 0.011 2
1.229 0.009
1,366 0,008
1.441 0,018

1.332 %
1,288
1,373

1.456

-



Part ~ II1 1 Crystal and molecular structure
of
o-dimethyl smino benzoic ascid




CHAPTER =~ V1

EXPERIMENTAL

Preparation of the compound

o~Dimethyl amino bensoic acid (also nmown as N, N~
dimethyl anthranilic aeid) was prepared in the following way.
To 3.4 gus, of anthranilie acid in 5 nl. water, lé gus, of
dimethyl sulphate was added with stirring during two and half
hours, maintaining mild alkalinity with slow addition of 403
potassium hydroxide solution., 4 temperature of 10% during
the first helf hour snd 68°C later on was maintained. The
oily layer of methyl ester was extracted with ether and after
renoval of ether, distilled under reduced preasure (d.p. 139°c
at 16 ma.). Yhe ester was hydrolysed by refluxing for 8 hrs.
with excesas water to give the desired product, which was twice
erystallised from ether. Melting point was found to be 70°C
which i3 in agreement with the reported value (72°¢). The
erystals for orystallographic work were obtained by crystale«
1izing the ecompound from carbon tetrachloride in vhieh it
gives needle shaped orystals. The needles are thin and the
axis along the needle is called as 'a' axis.

Cell dimensions

The erystal belongs to the monoclinic system. IThe
preliminary values of cell dimensions were determined from
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rotation photographs. HNore accurate determination of cell
dinensions was done from the high angle reflections in egqua-
torial Weissenberg photographs along the thres axes. 7The
values of dynne dnyp and "001 obtained were plotted sgainst
810”9 and extrapolated to sin® = 1. The angle [ vas measur-
ed from equatorial Welssenbepg photograph with 'b' as the
osceillation axis.

For precision work tc?k :e:g:a‘i::‘ 0?13:: nfs ?e.u
dimensions are required. For this the finite thickness of
the £ilm and wrapper has to be taken into consideration as
it decreases the effective radius of the camera and thereby
affects 8., §Film shrinkage during processing also reduces
the value of 8. In order to account for the zsbove sources
of error Ievins and Straumanis (1936) devised the method known
as asymetric method, In this method on the same film the
positions corresponding to 8 = 0° and 8 = 90° cen be located.
The collimstor enters through a long slit cut in the film,
Although the 180° position lies within this slit, it is
sccurately bracketed hslf way between egquivalent reflections
of coordinates +rj and + rj . This peraits the zero and 180°
positions for r to be accurately located.

¥ "
T2° 72w e tn ma.(disrance fom I pOSDION
2 3 9~o°_)

This distance in millimeters should be 9" but is alweys found
to be less. Bﬁlx-a gives the factor with which 8 for every
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high angle reflection has to de multiplied to get eorrect 8.

The general expression used for caleulating the cell
dimengions 1s given below :

2 2 2
2\ cos
. N A P hl A 2

4 2%sin S 4dac sxnaﬁ' ' 4 c§am§& *

&

High angle reflections were used for the determination of
cell dimensions and repeated caleulations gave the accurate
values of ecoll dimensions; these are shown In Teble VI-i.
The setind of extrapolating the values of spacings to
8in” = 1 wvas Dot used, since the mausber of reflections
used were few.

un% =

fable VI-l
o
Cell disengions in &
Spacing h %k 1 3 é Maan
a T o 8% 76.7° 7.8 2 :
100 1 Y 7.54 A
<9 TT.4 T.586
dp10 o 18 4 <1 76,8 15.76 %
76.9 16,76
<2 ) 16.78 3
o 6 9 <3 76.7 7.46 ) 7.47 A
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For 'a' axis d;nq (& sinpP) 1s 7.54 4
e
45’0 a = ?.“ &
For 'e' axis d,,, (e sinp) 1s 7.47 2
. € =m 7,08 3

ingle > was measured from (010) Weissenberg photo-
graph by wessuring the angle between a® snd c* which 1s 100°,
£* was also obtained by the method of triangalation using
nigh engle flol reflection (Jefffsy, 1971). The highest angle
fiol reflection for which ha* snd le* are not too unequal 1s
chosen and d*&l measured. This, together with ha* and lee,
form a trigngle with ,6 * botween the two axes. The cosine
rule gives an aceurate value of 2% § 0 B was the highest
angle reflection used for this calculation and a value of
P+ =80° 2 vas obtained which gave 2= 100,0°. This
agrees well with the value mentioned above.

Crystal density

The crystals are highly soluble in water and sll
gommon organic solvents mnd hence density ocould not be deter-
mined by flotation method, The ealoulated density from cell
dimensions and sssuming 4 molecules per unit cell (an sssumpt-
{on based on space group consideration) gives a value of
1,218 g./=l.
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Linear absorption coefficient

It was calculated as described in Chapter 1I using
p = 1.218 g./ml. and found to be 8.8 em™l, fos Cul cadiabon

Jeale and temperature factor

Threes dimensional data wvere collected with unfiltered
Cu radiation f{rom zero to fourth layer around a axis and from
zero to £A0th layer around ¢ axis; the crystals used for the
two sets of photographs had eross sections 0,5 x 0,857 ma. and
N.61 x 1.10 mm, respectively. 0Of the 1037 reflections, 442
were present in both sets of photographs. The data were
processed for Lorentz snd polarization factor and aspot exten~
sion fsetor, by methnds described in Chapter II. .ibsorption
was neglected. The data from the two axes was brought to the
same scale with the help of the common reflections.

qppmix\N\AW\;)
Intensities of the reflections were put on the absolute

scale by the aspplication of Wilson's statistical method to
three dimensional data as described in Chapter II. Table VI-2
gives Log.c values for three dimensional data, and Figure VI~1
gives the plot of log,C against sine/  for all the
reflect lons.

Jpace group
The observed systematic absences are 3
hol for h + 1, odd

oko for k odd.
This implies that the apace group is P2y/n .
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Table VI-2

logC values for (hkl) reflections

vo. stne  etn®p? 1> oo g.ix....{!!lé log,C

A T S A A S A D TN S W Y TN S 5 A A D G B W A 0 T D W D T g A T T S Ty -

i. 0,0-0,2 0.0042 i28.4 1762,0 13.73 2,6196
2. 0.2+0,3 0.0866 92,82 1036.0 11.18 2.4114
3. 0,3-0.4 0.0620 38.43 681.0 16.956 2,8303

4. 0,4-0,5 0.08580 19.2¢ 471.2 21.80 3.0865

5. 0,8-0.6 f.1270 6.53 ©80.4 42.94 3.,7008
6. 0.6-N.7 0,1780 B.72 204.8 35,80 3.8780
T 0.7-0.8 0.2401 1.94 166.0 86,67 4.4493
8, 0,8-0,.9 0.3038 0.63 134.4 213.30 b.3627

From the graph B = 4.6 12
Soale factor = 10,0

W -



CRAPTER =~ VII

STRUCTURE AND REFINEMENT

The structure of o-dimethyl amino benzoio scid was
solved by Sayre's equation programme on computer. HNormalised
structure faotors were caleuglated for all the reflections
and values above 1.0 were taken. 1567 reflections were used
in programme and the programme gave the phases of these
rellections for sixteen different combinations of phases.

The set with the highest consistancy index was taken snd
three dimensional Fourier sections were taken at the intervals
of N.4 2 along the b axis. In all elevan sections were taken
on Von Eller photosomsateur from y = O to 0,20 and all the
stoms were located. x and z coordinates were obtained by
mesgurements from the photographs and y coordinate was fixed
on the basis of the relative intensity of the peak in the
sections in which it was ocourring.

Suyre's equation

Sayre's squality relations (19562) are bused on the
fact that if a1l atoms composing an electron distribution are
equal, and completely resolved from one another, the operstion
of squaring the alectron denaity gives a distribution which
is still a superposition of equal spherically symnetric 'stoms',
centred on the same points as before. This led to a fruitful
new development in the deteraination of phases from a set of



intensities.
The electron density at location x is given by
P(x) = ks p o1 2WHZ cense  (VII-1)
v § H

Let the denaity at each point be squared. This squared density

¢an also be represented by & Fourier series
((ﬂa = "%“' % 8a Pﬁ .‘.1 AMHx sssse (VII=2)

The new Fourier series has different s but, provided that

all atoms are equal and resolved, the s of VII~1 and VII-2
=18t be reléted by some factor g which takes account of the

change in shape; that is

a0 ra P 'ﬂ PH YL (VII‘a)

For ecentrosyametric arystals, Fn = P_g y 830 the square of
electron density casn be written

P® = P P = ety g 1T,
' H H

g 3 . 3 r“; FHQ y o 18W(H, ~Hg)x

sseae (VII=4)

Now let H,~H, = H and let Hy = H'. Then, since the sunma-
tions run over all integers, VII-4 can be rewritten
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-i2WHx

<
o

sesny (VII‘Q)
1f vVII-2, VII~3 and VII-B are oompared, it is found

8 1. ' v I
q FH o % PH = -:'-v‘% ?a' YR’E‘ ernrn ‘VII ‘)

80, ¥y = 2-:7 & P Pren ceeee  (VIIVD)
This is & general relation wvhich sust be obeyed by crystals
composed of gqual, resolved atoms. For suehn & orystal, the
signs cun only Ye ocorrect if VIi-7 holds.

In using the method it became obvious that in a sum
of products, such &g ocenr on the right of VvII-7, if one ters
is 30 large that 1t dominates the sua, the sign of the sum is
eontrolled by that preduct. If 3y 1s used to indicate the
sign of ?H' then this conclusion ean be expressed by

Sﬂ " 8“' au*ﬂ' vesae (VII-8)

That is, the sign of Fy tends to be the sane a8 the product
of the signs of two other F's, related ma in VII-B, This ean
be rewritten

36"3‘ = 35 BH' ssvae (VII"")

This rale certainly holds when Py, ¥ and Fp o ave all large.
Bat 1t appears to express a deeper principle, perhsps that, 1f
Fy and Fye are both large, they impose a characteristic
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pattern upon the entire arrsy of signs.

Soyre's relation has an Interesting physical inter~
pretation which 1s illustrated in Plgure VII-l,

In reciprocal space, the relstion betwsen points H, H'
and HeH' s shown in Figure VII-li. In erystal space, figure
VII-1B, the geometrical arrangement is similar but rotated 90°
(if the arrangement 1s regarded as two dimensional). In
Flgure VII=1B, 1f the wave is positive at the origin, the
erests are shown as full lines, while 1f the wave 1s negative
at the origin, the crests are shown as broken lines. Now 1f
the magnitudes of both Fy and 7y, are large, it is because
atoms are located near to the cerests of both., For clearnesa,
suprose this condition 19 vepresented by & asingle atom exactly
on the erests of both. This can occur in only four ways with
respect to B and W', shown in the four atom locgtionz in
flgure YII=18. But wvhichever way it occours, 1t is also on a
erest of HeH'y The signs involved ( + yhen the circle is on
& full lins, - when 3t is on & broken line ) are

Locat fon By Sepr St
1 + » -
2 - " *
3 s - -
@ - * -

It will be seen that, in every case, VIiI-9P is satisfied,



Cochran (1952) and others investigated Suyre's squar-
ing method, especially in respect to a limited set of large
F'as, and jJustiflied 3syre's sign relation on more rigorous
grounds. The eomputer program used in the present work was
written by R.E. Long, University of California (19686). It
was modified for CDC-3600 coumputer by 5.5. Tavale of this
laboratory.

Noraalised structure laotor

The normalised structure factor E, is defined by
fﬁﬁx = Fﬁ /€ ( ;%1 r;"g )1/2 eesse (VII-10)
where ¥ 1s the structure factor for reflection h, and N is
the total mamber of atoms in the unit cell. r,g is the atoale
atomie seattering for the I™ atom for the value of 8 (the
scattering angle) sssociated with B, and is corrected by the
temperature factor. £ is usually equal to one, except for
ecertain groups of reflections in some space groups. The
factor € adjusta for the degeneracy in ¥ for reflectiona at
symmetry locations in reciprocal space.

The probability that & sign hes been correctly deter-
mined, if all other signe are correct, ia

€ 3 N
P s 0,8+0,06¢tanh —-—W A .é_* By Bo
I € 5 A=B+C )

sxense (VIX"‘n)
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N
where C_= = 2 , £ 1s the atomie scattering factor
=T a1 o

for the 3™ atom, and ¥ 1s the total nusber of atoms in the
unit eell (Cochran end Woolfson, 1955; wWoolfson, 1961). The
quantity (€3,e3/ } 1s called PROBK in the program. It is
equsl to N°V2 m sn equsl stom structure with ¥ atoms in the
unit eell.

The eonsiatency index, C, is defined as
)% ;g,g_ B i | >

"oy | e %)

vhere the sums are over all pairs of B and C for which B+C = 4,
and vhere < ~> means the average over all values of 4, If C
is equal to one, then for cach reflection all of the terms in
the sum In Sayre's equation have the ssme sign as all other
terms in that particular sum. In that case the solution is
said to be completely consistent, The true solution usuaslly
has the highest conslstency index.

In order to determine origin, the signs of certain
reflections muy be specified (Hmuptmsn and Yarle, 1983, 19086,
1669) onee the functional fora for the structure factor has
been chosen. The 92 centrogymaetric spacegroups may be
divided into seven groups or types, each having a particular
sesivariant vector, hs, and semivariant modulus, W7g « These
tables were prepared by Hauptman and Yarle (1963, 19869),
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from the tables, nne can find out the number of signs whieh
mast be specified in order to fix the origin. For the origin
deternining reflections the values of ha must be linearly
independent umodulo v&:l .

For space group P2,/n which falls in group 1, three
signa asy be arbitrarily assigned. If ths values of hg for
these three raflections are called hg,, hsy end hj,, then
these three origin detersining reflections mst be chwaen
such that the following six vectors are not (even, even, even:
931. Qgs. ma. (!}31“‘_@32)’ (_1_131*_!_:33) and (Bé"&ga’- This may
be accomplished by chnaosing the thres reflections as follows:
Hone may have the parity (even, even, even)., The parity of
the second reflection chosen mist be different from the parity
of the first reflection. The parity of the third must be
different {rom the parities of the first, the second and the
sum of the first two.

The general procedure for aign deteraination is as
follows, The reflections are arranged on the decreased order
of magnitude of normalised structure factors. Values above
1.5 are only taken. There is & provision in the program by
neans of vhich the computer selects the three origin deter~
nining reflections and four other reflections, which are not
structure semiinvariants. The origin deteraining signs are
arbitrarily assigned, snd the other four signs may be + or =
therefore ot possible starting sign sets are considered.
Sayre's equation 1s reiteratively applied to each of these
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starting aign sets, ylelding ot solutions. Wwhen 3ayre's equa~
tion 1g applied to a atarting set of aigns, additional signs
are deternined, and these are used to deternine more signs, and
to redeteranine those already predicted. 7This process is
reiterated untill there are no nevw additions nor changes in
the list.

The progras was run on the computer snd phases for
sixteen different comwdinationg were obtained. The highest
esnsistenay index was 0,85, The reflections with phases from
this set which are given in Table VII~l wers used for a three
dinmensional PFourier along b axis. 1l sections were tsken
along b axis for y = O to 0,80 at intervals of 0,085 by weans
of the Iller photosommateur.

‘hree dimensionsl Fourler gecotions

The structure factor formila for hkl type reflections
for the space group Pﬁlln is given below. The space group
has the f»llowing four equivalant positions.

Xy ¥y B X ¥y 2
$+x, -y, b+ -z, dvy, 42

P(hkl) = 2f; cos 2¥ (hx + ky + 13)
+2fg cos 2W (hx ~ky + 12) + W(h+ k + 1)

seus (711"’“)

The expression for electron density is
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Lable Vii-i
lormalised stmicture factors with their phases

obtained by Sayre's eguation
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Table VII=1 (contd.)
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Table YII-1 (eontd,)

hok 1B n ok 1 E ok 1

T e o e S N e W SR T A e WO VL R W o B W iy S TG T W B W T ot R W S W o e TS S e . A . e

T 2  1.59 i 0 2 -1.87 2 12 3 1.86
3 1 4 ~1.8 1 ¢ 6 -1.087 0 4 2 -1.54
0 10 3 -1.88 3 & 5 -1.B6 3 10 1 ~1.080
i &8 2 1.8 Z 1 1 ~l.be T 12 2 -~1.80
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hkleo h+kel=?2n
F(x.y,z) = = #(nkl) [m 2% (hx + ¥y + 13)
heeon , ks, 1m0
s
+ eos 2% (hx ~ + 1z)| + #(hxl)
ad ] h=oo o k=0, 1=0

he ke l=Snel
[conz'ﬂ'(hx*ky*h) -me'l'(hx'ky*l:)]

IXT L ‘vll"l:)

N+ X»1l=2n

o
f (x%y,yy2) = S P(nkl) cos 2W(hx + 1lz)cos 2W ky
h=on o &ty 180
- hei»1s0n+l
- & P(hkl) sin 2%inx + 1z)sin 2% ky
bt ~0, k l=0
LR N N N 3 (VII-l‘)
Rearranging
hl oo o h+kel= 8n
f(x,y.a) = = { S P(hkd) eos 2T ky cos 2W(hx+lz)
heeon, Il=0 | =0
nl o - htk+d =2 n+)
- -2 { S F(nd) sin 2Tky oos 2W(hxelz)en
hewon le0 ) k=0 2

sruve (VII“&G)

Bguation VII-15 1s used for obtalining the Fourler sections. A
weight of ¥ was given to hol and oko type reflections and a
welght of unity was given to hkl snd hkl type of reflections.
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411 the non~hydrogen atoms were revesled {rom these
11 sections and the anlecular wodel was fitted. The fract~-
ional eoordinates of the atoms are given in Table VII-2.

Tgble VII-2

fractional coordinates of atous

Atom x y 2

Cl 0.577 0.126 0.380
Cp n.731 0,106 .362
Ca 0.880 n.,163 N.433
Cq 0.871 0,208 0,581
Cy 0,709 0.220 0.614
Ce 0.548 0.180 0.529
Cy 0.412 0.088 04307
Cg 0.849 -0,008 0.244
Co 0.810 0,098 0.082
0y 0,268 0,090 0.331
Og 0,424 0,037 0,180
N 0. 747 N, 080 0.189

-

These coordinates were used for least squares refine-
nent using isotropic temperature factor for three dimensional
data. The initisl value of R was 7,30 and in O eycles of
least squares refinement it was reduced to R = 0,19, The
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starting value of tempersture factor was 4,6 wvhich was obtained
by wWilson's method. The positional parametsrs snd individual
temperature factors are shown in Table VII~3,

Table VII-3

Atom = y z B
¢ 0.5680 0.1217 0.3932 4.10
Cq 0,7312 0.1116 0.3486 3.76
Ca 0,8848 0.1623 00,4369 4.66
Cq 0.8666 0.2064 0.6880 4.99
Cg 0,6966 0.2177 0.6292 5.16
Ce 0.8478 0.1764 0.8375 4.58
Cy 0.3997 0.0795 0.2901 4.66

G 0.8460 ~0.0209 0.2460 4.64
Co n.8229 0.1060 0.0451 5.08
0y 0.2500 0.0909 0.3493 5.26
0g 0.4180 0.0389 0.1622 5.18
N 0.7453 0.N560 0.1928 4.01

The thermal parameters for anisotropic refinement were
ealoulated with the aid of the equations for agy given in

Chapter IV. The wvalues of g4 for all the atome are given in
Table VII-4,
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Table VII-4

%33

83

0.0040
0.0037
N.0047
0.0080
0.0080
0.,0045
0.0047
0.0046
0.0080
0.0083
02,0083
0.,0040

S T WD A QA S W W S - -

4o 0
apg = 0

inisotropic temperature fastor

For space group ?ﬁ/n, the expression for structure

factor is given by equation VII-12.

f(hd) = 27; eos 27 (hx + ky + 1) + 2f, cos { 2W(hx-ky+1s)

+ T (hwievd) §

(Vii-12)



HO'p

£f; = !b eXpe *~ (!11h8 * ‘Qﬂkg * .3312 + ahlghk * Qaaskl
+ 2.13h1)

enawa (VII‘lG)

fp = £, eme = (agn® + apok® + agql® - 2a) K - 2agga
+ 2a,5h1)
[ EY K (?11‘17)

where Iy and fp are the anisotrople teaperature factors. The
expression for structure factor hecomes

P{nkl) = ﬁrb eXDe ™ (allh? + 3233210 .3318 - a.lahk
+ a5kl + 2ay40l) cos 2F (hxeky+lsz)
* 20, oxp. - (8y,h° + agk” + agal” = 2a gk
- Raggkl + Zayghl) cos 2N ((hx-kysla)+ W (heked)}

vesse (VII=1B)

For the sake of brevity the first and the second terms on the
right hand side of equation VII~18 are denoted by 4 znd B,
Hence,

Phkl) = A+ B evsss (VII-1D)

After procesding in the seme way as in Chapter IV, we obtaln
the following expressions
2E o (nd Pona)
v 1
2F & (a® pow)
0 g9
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s (-1% rou)

R aF

w (~2hk) 4+ (2hk) B

Q)
w
%

(~2x1) a4« (Bl) B

ik

I

(~2nl) #{hkl)

These expressions wers used for thas anisotropis refinement
of teamperature factors.

Hefinement nungumuotro}u temperature factor

The positinnal parameters {rom Teble VII-3 and theraal
paraneters from Table Vil+4 were uzed for lsast aquares refine~
ment using anigotropicz tempersture factor. The value of R
after the first cycle was 0,18 and in four oycles of least
squares refinement ths value of R was reduced to 0,13. Four
hydrogen atoms wvhioh were attashed to the ring were included
in the refinement. Their positisns were deterained on stsreo-
chemical ensiderstions and shown in Table VII-D.

Tgble VI1-H

Fositionagl paraseters of the hydrogen atoms
attached to the ring carbon atoms

... N % y ~
u, 1.000 0.146 0,402
Hg 0,967 0,236 0,649
Hy 0,688 0,254 0,744

g 0,430 0.184 0.567
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The hydrogen atoms were considered to have the same anisotropic
temperature factor as the non-hydrogen atoms to which they were
attached,

After this three dimenaional difference Fourler ssetions
were taken along b axis. 8 sections were taken from y = 0 to
y = 0,175 at intervals of 0,025 by means of the Eller photo-
sonmateur. The positions of the six hydrogen atoms which were
attached %o Cg and Cg to form two methyl groups and the posi-
tion of the hydrogen atom which liss near the nitrogen atom
wers located. The parameters of these hydrogen atoms thus
located are given in Table VII-6.

After the inclusion of sll the hydrogen astoms, aniso-
tropie refinement was further carried out using Cruickshank's
weighting scheme and giving a weight of zero for those stru-
cture factors vhere F,-¥, was greater than 5. After & cycles
of least squares refinement, the final value of R became 0,.113.
The final positional pasrsmeters of the atoms are shown in
Table VII=7 and thermal parzaeters are shown in Table VII-S,

Table VII-6

Positional paraseters of the hydrogen atoms of the
methyl groups and the one attadshed to nitrogen atom

S O 2 2V
Hy 0,506 04082 0.131
Hg 04994 0.001 0,301
Yy 0.789 -0 038 0,362
Hy 7,810 “{1. 059 0,111
Hg 0.928 0.117 0,082
Ho 0,781 0.052 ~0,080
Hyy 0740 T+161 0,032

oo myms - e st AN AP - o6
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Table V1I-7

Positional parameters of the atoms,
and thelr standard deviations.

éEE';'..---......---.’.5.-..-----.--.----..!...--...:.:.-.---....'.‘---.......-
3 0.6638 % 0,0007  0,1207 20,0003  0.3938 T 0,0008
Co 0,7313 = 0,000  0,1132 = N,0003  0.3485 - 0,0007
Cy 78792  0,0007  0,1526 * 0,0004  0.4388 * 0,0008
Cq 0.8618 = 0.0009 0,205 * 0,0004  0,5824 = 10,0009
Cg D.6977 = N,0009  0,2166 £ 0.0004  0.6292 = 1,0009
Cq 0.8620 % 0,0008  0,1748 X 0,0004  0.5380 t 0,0008
0.,3990 * 0,0007  0,0797 £ n,0n04  0.2896 * 0.0008

L .

(24

n.8487
0.8202 % 0,0010  0,1044
N.2686 * 0,0006 00,0898

0.0008 -0,0202 £ 0,00n4  N,2484
0,0008  0.0475
00003 0.3482
0.4167 * n,0008 0,0398 * 0,00083  0.1816
0.7449 £ 0,0008 0,088 % 0,0003 0.1919
0.992 £ 0,009 n.146 * 0,908 0.418 £ 0,000

Co

Cg 0.0009
Co

%

Og

N

B

Hg 1.000 ¥ 0,010 n.238 £ 0,006 0,633 ¢ 0,010
Hy

He

Hs

KG

H,

Ha

Hy

0.0010
0.,0006
0,0006
0.0008

1+ ¥
i+ g

LA 4

n.601 * 0,010 N.261 & 0,008 0,729 £ 0,010
0.433 & 0,009 0,176 £ 0,008 n,678 £ 0,008
0.508 * 0,008 0,088 £ 0,004 0.136 £ n,008
t 0,010 -0,001% 0,000 n,3086 £ 0.010
NT79 L 0,0N9  ~0,045 £ 0,006 0,340 ¢ 0,009
2 0,010 -0,080 T 0,008 0.132 £ 0,010
0.93¢ = 0,011 N.108 £ 0,008 n.089 * 0,010

Mo n.788 * 0,011 0,069 £ 0,008  -0,0490 £ 0,010
Hyq 0,741 = 0,M0 0,168 * 0,008 0,035 £ 0,009

"

"
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Table VII-8

Final thermal parameters and their standard deviations.
inisotropic thermal paramsters are of the fora

T = oo ~(ayh taggK *agyl "+ 2a, phie2ay ghle 2agkl)

lion hydrogen atons ( x 10‘ )

‘1

47 ¢ 9
41 % 9
161 2 10
244 L 14
295 * 18
236 L 12
116 = 9
204 * 12
291 t 16
166 £ 7
5T 7
432 7

f20

(34

44
47
56
62
83 ¢
83 *

(32

_ i+
NG W e WL W W W NN

-

203 L 12
133 % 10
242 T 16
283 t 14
248 L 16
200 & 12
261 % 15
285 t 18
232 T 16
35 t 12
i B b
1637 9

Y12

123
7%3
-9t 4
-2tH
PLo
»Ls
6%4
5% 9
33t 6
Nt
-19 2 4
-5 3

f23

W

(L N L I L L L

9

1 ¥

& G @ oo G O G 6 o O & b

"13

W S U O B S N - T A T T " 0 G P T S T A W T S A S W W T W B D A T - - e

(34
o

34

B 8 2
LN L L
w

& 3
(L L
®

6% t 11
114 T 14
2% 8
28 7
851 ®

(24

it 9
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CHAPITER ~- VIII

RESULTS AND DISCUSSI

(I) Molecular Structure

The final bond lengths snd angles are given in Table
VIII-1l and are also shown in Figure ¥11l-l. Some of the bonds
(belonging to side groups) have been corrected for librational
motion by Cruickshank's method (1986) described in Chapter V.

Table VIII~2 gives equations with respect to a'y, b, ¢
arthogonal axes, of the least squares planes and the angle
betweon the plane of the benzene ring and the plane of the
carboxylic group. Table VIII-3 gives deviations of the atoms
from the plane of benzene ring and the plane of the carboxylie
group.

Table VIII-4¢ gives some measn square digplacemants for
the stoms of the side groups, which were used to calculate
the corrections to the bond lengths of the side groups for
1ibrational motion.

The theramsl parameters b” wore used to calculate the
direction conines of the principal axes of the individual
atomic vibration ellipsoids referred to a', b, ¢ orthogonsl
axes; these are given in Table VIII-5 along with the angles
betveen the principal axes of the vibration ellipsolds and
the aromatic plane.
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Table VIII-1

Intremolecular bond lengths and angles

Bond

““““““ T A T . - W

Corre-
oted

G.8.4d,

W PN W D A SN i R W W B N e A S S G R A e o T O T i I I S S O A i S W A N W e

C17Co
CaC3
C3Cs
C4~Cp
C 5"3‘
CeC1
C1Ce
(27 "‘01
(:?‘%
Cg"ﬁ

Cg~N

Cg“ﬁ

CgeHy
c"’ne
Cg-Hy
CeHy
l'ﬂg

l.402
1.367
1.409
1.372
1.361
1.381
1.526
1.243
1.248
l1.464
1.487
1.8086
0,90

1.24

1.08

1.01

1.15

o
A

1.830 2
1.262
1,267
1,467
1,801
1.526

0,008
0,007
N.007
0,008
0.008
0.009
0,07
0,08
0.08
0.07
.06

Bond engles
C,-Cp=Cg  122.8 * 0.8°
Cp*Cg=Cq 118.4 = 0.8
Cg=Cg=Cy 110.4 = 0.6
CqCp~Cg 120.9 * 0.6
Cg=Cg-Cy 121.7 % 0.6
Cg Cy=Cy 117,0 L 0.5
Cp=Cy-Cg 122.0 £ 0.5
Cp=Cy=Cg 121,0 I 0.5
0y~Cp~Cy 116.6 * 0.5
Dp=Cp~Cy 117.2 = 0,8
0y-Cop-0g 126.2 X 0,6
N-Cg=C;  117.7 ¥ 0.4
K-Co=Cy  119.8 L 0.5
Cg=N-Cy  1ll.4 I 0.4
Cg-N-Ca 112,90 % 0.4
Cg-H-Cg  111.3 T 0.B
Co-N-Hg 98.5 T 3.0

continued...



Table VIII-1l (contd.)

Bond Bond lengths (3) Bond angles

Y o 0 A S I Y W R D U TS G S . D R

Uneor- Corre~ e.8.,4,
rected cted

Ca=Hg  1.04 0.08 Op~ti-Hy 15,6 t 3,0
Cg=Hp,  1.01 0.07 N-Hg0p  161.8 L 5.4
Cg-Hg  1.06 0,08

CogHy 0.9 0,08

Cofyy 0.9 0.08

Co™Hyy,  1.03 0,08

N-0g 2,497 0,006

Op-Hy  1.481 0.06

Table VIII-R
Zquations of planes

Flane Equat ions
1. Benzene 0,1801 x ~ 0,7837 y + 0,5048 g ~ 0,579 = O
ring
2, Carboxylie 0,2004 x -~ 0,881 y + 0,5236 z - 0.4288 = 0
group

ingle between benzene ring and carboxylic group is 4.8°




"87‘

Table VII1-3

Deviations of atoms from different
planes (D

Atom - Plsnes

T O S SO N T A G W T R W W e

Benzeno ring Carboxylie group

S G SO 0 W - - gy S W Ty S S W iy W B O O G WA O S - . Y T S 0 e 0

N 0.002 ~0,003
Cq ~0.003 0.066
Cy 0.000 -

Ce 0,004 -
Cs ~0.006 -
Ce 0.003 -0.118
Cy ~0.031 0.010
Cg 1.270 -
Cy -1.187 -
0, 0,029 -0,004

0p -0,181 ~0.004
N -0.007 0,177
81 0.07 -

Hy =009 -

Ka -N.13 -

He 0.09 -0.08
Ka -0.34 ~0.186
He 1.36 "

Hey 1,96 »

Ra l.22 -

Hy ~0.,99 -
Ho -1.21 -
Hyy “1.95 -




Tgble VIII-4

Some mean square displacements (?\3 x 103)

Aton Direction of displacement””
“Normal to  In the plane  Parallel to
the plane* normal to the dond
‘ the bond
(:1 47 82 86
{)1 103 96 40
0p 132 43 61
Cop 6 (a) 50 (c,) 57 (¢,)
60 (b) 7 (0y) 38 (0,)
6 (o) 37 (0g) 79 (0p)
Cg o2 43 42
Cq o7 66 0
Co 100 82 47
63 (a) 40 (Cg) 40 (GCg)
42 (b) 40 (Cg) 62 (Cg)
@ (o) 4% (Cg) 45 (Cg)

¢ The vibration directions of Cy, 03, 02 and Cq are with

Tespect to the plane through Cy, Cp, 0 and

The

vibration direction of Cp and N is with respact to

benzene plane.

The vibration directions of Cg and N

and Cg and N are with respect to the planes through
Ca, ﬂ, co M CE’ ll, c’.

*% The atoms listed besides certain values in the table
indiecate the direction of the bond in question,
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Table VIII-8

Magnitudes and direction cosines of the principsl
axes of the atomic vibration ellipsoids and the
angles between the principsl axes and the aromatic

plane.
atom  Axts  JaxD 08 acs cosx ingle
r 1 O(z 3 with
benzens
plane

YN A AN S oSS O S A D T T A A Sy o O W W T e o i el AN Tl s gy Y . S T S S N S N e

Cy : 4 0,267 0,977 0,634 n,678 8°
2 0,223 0,336 0,089 -0, 730 b 4
8 0.19? 0.900 "Oom 0.037 33
Co 3 0,245 0,206 0.973  -0,105 52
2 0,200 D937 -0,160 0.307 21
3 0,192 -0,281 n,162 0.946 22
Ca 1 0,288  -0,171 0,73  ~0.681 85
2 0,241 0,008 0,646 -0, 708 4
3 0,212 0.981 0.192 -0 ,041 0
Cq 1 0,310 0.139 NI 0,636 72
e 0,267 0,949 -0), P86 -0,134 18
3 0.220 0,984 0,584 n,760 ?
Cs 1 0,300 0,660  0.543  ~0,819 38
e N, 084 D746 -0 . 391 n.539 o
3 0,223  ~0,000 f.743 0.663 12
Cq 4 0,208 0,738 0,064  0.124 18
2 0.248 0,370 -0, BO1 n.748 7
3 0,200 -0, 5686 0,006 0,662 6

continued.ve.




Table VIII-® (eontd.)

Atom  Axis ﬁzd) mr(l cowy w4 angle

with
benzene
plane
Cy 1 0,290 0,163 0.656 04737 '
2 0,246 ~0,003 0,754 =0}, 65O 25
3 0.178 0,982 -0,037 -0.183 6
Cg 1 0,279 0,002  -0,897 0,803 71
2 D262 t.738 0,542 0,402 3
3 .25 0.878 "ﬂam “N841 19
Cg 1  0.327 0,723 0,689 -0,208 56
2 0.279 0,445 0,674 0,589 &
3 0.210 -0, 529 -0,333 0,780 39
01 1 nom "Oam ﬂ.m ""0.517 8‘
e 0,248 -0 467 -0,331 8
0,204 Qo“’ n,249 0,208 ]
Spnv 1 0,285 0,222 0,913  -0.363 74
e N.213 0,728 O.M 0,064 ®
3 G-mﬂ -0, 648 0124 0. 761 i3
#0,  § 0,33} 0.017 0,998 0.060 48
2 0,302 0,372 0,062 =-0,926 42
3 0.192 0,978 0,008 -0.372 3




Aromatic ring

The C+«C bond lengths of the aromatic ring deviate
appreciably from the norual value, 1.303 X. The esticated
standard deviations of the C-C bond lengths are from 0.007 A
to 0.009 4. The deviations of the carbon atoms of the
aromatie ring from the least squarsa plane are within experi-
mental error.

Carboxylic group

The hydrogen atom of the carboxylic group hes algrated
and attached itself to the nitrogen atom of the dimethyl aaino
group. The two C~0 bond lengths have become almost equal.

Some examples of the carboxylic aecids where the two
C«0 bonds are alwmost equal and ths molecule exists in the
gwitterion form are shown in Table ViIi-&. The 0-C-0 angle
18 in genersl more than 128°; 4in the case of anthranilic
acid, however, 1t 1s only 122°, The two oxygen atoms of the
carboxylic group are negatively churged due to the loss of
proton .nd hence repel esch other.

The exooyelic C-C dbond in gll these compounds is more
than 1.52 2 in length except in anthranilie acid.

Damtp_gl anino group

The nitrogen atom of this group acquires positive
charge due to the scequisition of a proton from the carboxylie
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group, The two methyl groups attached to the nitrogen atom
are symetrically placed on either side of the benzene plane,
the distences being 1.270 % and ~1.187 4. The devistion of
the hydrogen atom Hy 1s only =0.34 A froa the plane of the
benzens ring. The bonds around the nitrogen atom are as
expected disposed approxizately tetrahedrally.

The CpN distence is 1,467 £ 0,008 4 (eorrected)
which 13 a little shorter than the corresponding value in
the switterionie form of snthraniliec aeid which is 1,501 .
The N=C, snd N-Cy bond lengths are 1,501 £ 0,008 4 and
1.626 £ 0,000 2 (both corrected for librational motion);
these bonds are longer than N-Cg distance, 1,456 % 0,009 4
in o-methyl smino benzoie acid.

Intramoleculur hydrogen bond

Thers is & strong intramoiecular hydrogen bond between
the oxygen of the carboxyl group and the nitrogen stom of
length 2,497 £ 0,006 £. The infrared studies of Jose et al.
(private communication) confirm that the NH--~0 hydrogen
bond is strong. The small value of the ONH angle (16")
further confirms the result.

(I1) Crystal Structure

The structure projected on (100), (010) and (001)
projections is shown in Figures VIII-2, VIII-3 and VIII-4,
Intermolecular distances are shown in Pigures VIII-2 and
VIli-4,
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dolecules (X,Y,Z) and (1-X, ¥, Z) have a contact
distance of 3.10 1 between the N (4,Y,2) atom and Oy (1-X,¥,2)
atom, Such a short distance can probably be accounted for
by means of a weak hydrogen bond or electrostatic attraction
betwaen oppositely charged groups of the two molecules. The
only hydrogen attached to the nitrogen atom of (X,Y,%Z) mole-
aile takes part in the formation of a strong intrasmolecular
hydrogen bond as alresdy disecussed. In sddition to this, the
hydrogen atom probably foras s bilfurcated hydrogen bond with
0p (1+X,¥, 2, Figure VIII-4. In the ssme way the nitrogen
atom of (1-%,¥,7) probedbly foras a bifurcated hydrogen bond
with Op (X,¥,Z) Figure VIII-4. Such kind of bifurcated
hydrogen bond exists in A -Glycine (Marsh, 1988). Figure
VIII~6 & and b shows the similarities between the two cases.
The only difference in the two cases is that in <X-Glyeine
the two hydrogen bonds are intermoloeular and weak, while in
o~dimethyl amine benzeie scid one bond ig intramolecular and
very strong, while the other is intermolecular and very weck.
The two molecules (X,Y,2) and (1-%,Y,7) form a loose dimer
unlike the strongly bonded dimer in o-methyl amino benzoic
acid. That the dimer ig very loocsely bonded can clso be
seen {rom the relstively lover melting point of o-dimethyl
anino benzoie seld (72°C) in comparison with o-methyl amino
benzole acld (melting point 178%), There 1s also a rather
short contact between D(X,¥,2) and Cu(-1eX,¥,2) of length
3,26 3. A1l other contacts are of the ususl ven der vaals
type.
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The angle of torsional oscillation of the two C~0
bonds of the earboxylic group about the €"Cqy bond were salou~
lated by the method deseribed in Chapter V. Thelir walues for
Cp~0, and Cp~0p bonds are respectively 10.8° and 13.6°. Henee
it is concluded that the carboxylie group does not guite
behave like a rigid body.

-
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APPENDIX

Observed and calculated structure factors

(o=-methyl amino benzoic acid)
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12.9
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0.8
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33.9
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37.3
~53.6
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-~ 4.3

3.9
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4.9
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- 8.4
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h k 1 | Fo| Fo h ok 1 | Fo | Fo
o & 3 9.0 9.3 o 11 8 2.6 =~ 2.1
o 7 3 7.2 5.2 0 12 & 2.0 1.7
o 8 3 13.6  -13.3 0 2 @ 4.9 3.5
o 9 3 4.6 4.7 0 3 6 6.1 5.6
© 10 3 4.6 8.1 o 8 6 4.6 4.5
0 11 3 14.0 12,8 0 6 6 2.6 =~ 2,0
0 12 3 12,0 1.4 0 8 & 2.3 =~ 1.6
0 13 3 4.8 8.1 o 9 6 3,86 2.1
0 15 3 4.3 - 4,2 0 10 & 2,6 1.7
0o 17 3 2.3 ~ 2,0 0 11 6 2,3 - 1.5
o 1 4 8.6 4.9 o 12 & 2.6 2.0
o 2 4 11.8 11.6 o 1 7 3,0 -~ 2.8
e 4 4 11.8 11.8 o 2 7 2.1 1.9
©c B 4 10.0  -10,1 o 4 7 2.9 2.9
0 7 4 3.3 -3 o & 7 1.4 1.4
0 12 4 4.6 - 4.7 o 7 7 3.0 8.7
0 15 4 6.4 5.2 o 8 7 2,2 -~ 1.2
0 16 4 2.3 2.6 o ® 7 2,6 1.8
© 1 8 11.7 11,7 P 3 3 27.6 29,6
6 2 & 1.1 ~-23 1 2 1 24,8 24,3
0o &5 b 4.9 4.4 1 3 1 2.3 28,6
0 6 & 3.7 3.0 1 4 1 31,1 3.2
06 8 8 3.5 3.3 1 5 1 10.9 -12.0
o 9 & 4.3 - 4.6 1 6 1 15.4 18,0
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h k1 |F) Pq h k 1 |%0]  Fe

1 7 1 168  ~19.0 3 1 8.9  10.6
1 8 1 18,0 ~15,0 3 3 1 9.4 -~ 8.6
1 9 1 10,3 11.1 3 4 1 13.4 12,6
110 1 13.0 -12,8 3 5 1 8.0 - 8,7
111 1 5.9 6.4 3 6 1 7.4 = 6.2
112 1 2,6 -1.8 3 7 1 3.0 - 2.8
1 14 1 3.0 - 3.8 3 9 1 2.8 - 2,6
116 1 3.3 - 2.7 310 1 3.6 3.2
2 1 1 2386 -23,3 3 18 1 4.1 - 4.3
2 2 1 L1 -8 3 16 1 1.6 1.3
2 3 1 B.7 - B.7 3 17 1 1.6 =~ 1.6
2 4 1 1.6 1.6 4 1 1 2.1 1.6
2 5 1 14,1 ~14,9 ¢ 3 1 7.7 8.3
2 6 1 16.3 14,8 4 4 1 15.2 -14.2
2 7 2 3.0 =~ 27 4 & 2 3.3 - 2.4
2 8 1 58 - 1.1 4 7 1 5.9 =~ 6.7
2 9 1 3.3 - 4.7 4 8 1 8.8 9.7
2 10 1 B.1 - 6.4 4 9 1 8.9 5.3
2 11 1 3.0 - 2.8 4 11 1 4.3 4.9
2 13 1 2.0 2.6 4 13 1 2.0 =~ 2.2
2 14 1 2,6 - 2,2 4 14 1 2,0 1.6
2 15 1 3.3 ~a.8 4 16 1 1.1 1.2
2 17 1 2,3 -2l 5 1 10,6 - 9.4
3 1 1 148 -12.6 5 1 16,56  14.0
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n ok 1 1R, Py h k 1 | o) Fo

5 4 1 22,0  -19.4 1 2 23,6 -23.1
5 5 1 11.8 11.7 1 3 @8 2.4 2.5
5 6 1 4.8 - 3.8 1 4 2 16,8  14.4
5 8 1 4.9 4.8 1 8 2 14,8 -11.2
8§ 9 1 3.0 2.6 1 6 2 33.3 .
5 11 1 2.0 2.0 1 8 2 8.2 9.6
5 12 1 1.6 1.8 1 11 2 11,9  -11.6
5§ 13 1 1.6 = 1.0 113 2 3.7 =~ 3.6
6 1 1 8.5 - 8,7 2 1 @2 11.0 12,0
6 2 1 1.3 - 1.3 2 2 @2 16.9 -16.4
6 3 1 1.1 1.4 2 4 2 7.6 - 7.1
6 4 1 3.3 -~ 3.4 2 85 2 3.3 - 3.4
6 5 1 3.3 3.7 2 6 2 3.7 =~ 3.6
6 6 1 4.6 - 4.7 2 9 @2 4.6 =~ 4.8
6 7 1 2.8 2.6 2 10 @2 3.0 2,7
6 8 1 3.0 =~ 3.2 2 12 2 3.7 =~ 4.5
6 12 1 1.9 1.3 2 16 2 3.0 ~-27
6 13 1 2.0 - 1.9 2 16 2 2.3 2.5
T 2 1 3.9 3.8 3 1 @ 2.8 -~ 3.6
7 3 1 3.0 -2.4 3 2 @2 6.3 = 6.1
7 7 1 2,3 - 2,0 3 3 2 B.7 - 5,9
7 8 1 1.6 1.8 3 4 2 8.3 = 8.7
7 9 1 2,0 =~ 1.8 3 5 2 4.4 3.6
1 1 2 20,7 21,8 3 6 2 1.6 = 1.7




R ok 1 |7, | P, h k1 [ 7y | o

8 7 2 3.8 3.2 8 12 2 1.6 1.6
8 10 e 4.9 - 6.5 6 1 2 23 =~ 2,8
3 11 2 2.6 2.6 6 2 2 2.8 2.8
3 12 2 4.8 - 5.3 6 3 2 B.6 - 5.6
3 13 2 3.3 3.8 6 8 2 3.7 = 3.7
4 3 2 5.8 6.5 6 o =2 2.3 2.4
¢ 4 2 8.9 - 5.8 é 10 2 3.3 - 2.8
4 6 2 6.1 6.2 6 11 @2 1.6 13
¢« 7 2 4.9 - 4.0 1 1 3 4.3 4,0
4 8 2 1.6 = 1.3 1 2 3 4.5 -30,8
4 10 2 4.8 - 4.7 1 4 3 8.7 - 5.2
¢ 11 2 2.0 1.8 1 8 3 2.8 2.6
4 12 2 3.5 3.2 1 6 3 4.2 - 5.3
4 18 2 1.1 1.8 1 7 3 12,8 12,7
6§ 1 @2 2.3 - 3.0 1 8 3 8.3 - 4.6
5 2 2 8.9 5.8 1 9 3 7.2 7.8
5 3 2 41 -4 110 8 4.8 6.1
5 4 2 6,9 - 6.3 11 3 6.1 5.8
5 5 2 2.3 - 2.8 116 3 3.9 - 3.4
5 6 2 1.6 1.7 2 1 3 9.8 ~8,0
5 7 2 1.1 -1.3 2 2 3 5.3 = 5.9
5§ 8 2 13 ~1.2 2 3 3 7.7 =~ 8.6
8§ 10 @ Ll - 1l.4 2 4 3 4.6 -850
5 11 2 1.1 1.2 2 5 3 8.7 6.1




- 108 -

h k 1 | Fy | F, h k 1 | %, ] s
2 6 3 3.9 - 3.7 4 9 3 1.6 =~ 1.6
2 7 3 1.6 -~ 2.7 4 10 3.0 2.6
2 8 3 2.0 2.7 4 11 3 2.0 <~ 1.8
2 9 3 8.7 - 4.2 4 12 3 1.l = 0.4
2 11 3 8.7 3.4 4 13 3 2.3 -~ 1l.4
2 12 3 3.8 ~-3.3 5 2 3 2.3 2.3
3 1 3 3.6 - 3.8 5 3 3 9.8 2.8
3 2 3 2.3 1.9 56 4 3 7.9 7.2
3 83 3 3.0 =~ 2.8 8 6 3 3.0 2.7
3 4 3 3.5 - 4.1 &6 7 3 3.6 ~ 3.3
3 5 3 3.8 - 3.7 5 8 3 2.8 -~ 2.9
3 7 8 7.0 -~ 6.8 6 10 3 2.8 - 1.7
3 8 3 4.9 5.0 6 3 3 3.0 2.7
3 9 8 4.9 =~ 4,5 6 4 3 1.6 1.6
3 10 3 4.8 4.4 6 5 3 2,3 =~ 2.0
3 18 3 1.1 -0.9 6 6 3 2.3 1.9
4 1 3 4.4 =~ 4.8 6 7 3 4.1 =~ 3.3
4 2 3 4.4 - 4.6 6 8 3 2.0 =~ 1.5
4 3 3 8.8 2.8 1 1 4 5.2 5.3
4 4 3 4.4 3.9 1 2 4 15,2  16.1
4 5 3 2.6 1.8 1 3 4 2,6 - 2.4
4 6 3 3.5 4.0 1 4 4 5.8 7.2
4 7 3 2.6 - 2.8 1 5 4 1.6 ~-10.6
4 8 3 2.3 1.7 1 & 4 6.2 =~ 6.4
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R ok 1 |7, F, h k1 |7, Fo

7 4 7.8 - 6.B 2 1 8 3.5 =~ 3.2
1 14 ¢ 3.3 3.5 2 3 & 3.6 3.5
2 1 4 4.3 - 4.9 2 7 & 2,3 - 2,2
2 4 4 6.8 - 6.3 2 9 8 2.0 = 2.2
3 4 4 49 - 6.3 2 10 B 1.6 = 1.8
3 6 4 3.5 4.2 3 1 8 5.8 - 5.7
3 6 4 3.6 - 4.5 3 2 B 1.6 1.8
3 7 4 1.4 1.6 3 3 & 1.6 = 2.0
4 1 4 4.1 4.1 4 1 & 2.3 =~ 2.2
4 4 4 4.6 - 4.3 4 3 & 1.6 = 1.3
4 6 4 3.0 -2.2 4 4 5 2.3 2.0
4 7 4 3.9 3.8 4 6 B 8. 1.4
4 B8 4 2.3 1.9 4 7 5 1.3 = 1.1
4 9 4 2.6 2.3 1 3 6 2.3 2.8
5 6 4 4.0 3.5 1 6 6 2.3 1.8
5 7 4 4.6 2,8 1 10 6 2.8 2.5
5§ 8 4 3.0 2.8 2 4 6 2.3 - 2.4
5 10 4 2,0 -o0,2 3 2 6 1.l = 1.1
1 1 86 8.0 8.4 3 4 6 2.3 =~ 1.9
1 3 8 2,0 2.1 3 6 & 2.3 =~ 1.4
1 4 B 2.3 - 2.2 3 6 6 1.4 0.8
1 5 & 3.3 4.2 T o ¢ 12.7 =13.3
1 6 B 3.3 4.3 2 0o 2 8.2 =~ 8.3
110 8 4.8 - 4.8 3 o @ 9.5 = 9,7
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h k1 |F,) Fq R ox 1 7] Py
[ 2 18,7  17.9 g o 8 3.3 3.5
g o 12.2 9.1 i 1 1 29.1  -30.1
7 o 2 B.1 7.8 I 2 1 14.8 -16.0
g o =2 10.4 9.3 T 3 1 27.9  35.3
v o 2 1.1 Sl i 4 1 37.8 39,6
T o 4 8.7 8,0 I 8 12 9.4 9.3
g 0 4 5.6 4.8 I 6 1 25.4  27.3
3 0 4 21.3 2.2 I 7 1 3.5 - 4.
i 0 4 5.6 6.7 I 8 1 8.8 8.9
7 0 4 1.7 -11.8 i 9 1 2.0 - 2.4
T 0o s 1.6 2.1 I 10 1 4.4 8.0
2 0 & 3.7 - 4.2 T 12 1 4.9 - 5.8
3 0 e 2.6 3.0 I 13 1 3.7 <~ 3.5
4 0o e 3.7 4.1 114 1 3.7 - 3.1
€6 0 6 3.5  =2.9 11 1 2.6 - 2.4
7 0 6 48  -6.0 I 17 1 4.6 4.9
g o0 6 2.8 2.9 T i1 1 1.1 = 0.7
6 o e 1.6 -1.8 19 1 1.6 2.0
I o 8 2,0 -2,7 T 2 1 34,9 41.2
2 o 8 5.1  ~4.b Z 3 1 29.1 ~29.8
3 0o 8 2.0 -2,1 7 4 2 4.8 =~ 5.4
i o 8 2.8 2.8 Z 8 1 5.3 =~ 5.0
5 o =8 2.0 ~-1.8 2 7 1 29.9 ~25.6
6 0 8 3.3 ~-3.8 g 8 1 13,8  14.3
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1 182 -13.1
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h k1 |F h ok 1 | P Pq

6 5 1 2.0 1.9 1 3 2  11.3 9.3
e 7 1 7.2 =~ 6.1 1 4 2 2.4 -22,3
6 8 1 2,8 - 2.4 1 6 2 6.7 =~ 6.2
6 9 1 1.1 1.5 1 7 2  14.4 15,2
6 10 1 4.8 - 4.0 1 8 2 m,6 13,8
6 11 1 5.3 5.2 I 9 @2 5.7 6.6
3 12 1 3.3 4.2 i1 =2 3.5 4.1
8§ 13 1 1.1 = 1.6 In e 4.8 3.8
7T 1 1 ilel  ~11.0 T 13 2 5.1 - 3.4
7 ¢ 2 B.l - 4.8 1 16 2 7.2 6.3
7 6 1 7.0 = 5.8 115 2 4.1 - 3.6
7 9 1 1.8 2.3 1 16 2 3.3 =~ 3,0
7 12 1 3.3 2.9 117 2 2,6 2.2
7 13 1 3.0 -~ 2,7 118 2 5.3 - 5,6
g8 1 1 3.3 -~ 3.6 2 1 @2 23,8 - 2.6
g 8 1 1.1 - 2.0 2 2 2 35,8  ~37.0
g8 3 1 1.1 2.4 2 s 2 16,9  17.4
g & 1 44 - B 2 4 2 33.6 ~-33.7
9 1 1 1.1 1.2 2 B 2  40.4 37.9
? 5 1 1.1 1.3 2 & 2 B, - 9.6
? 6 1 1.1 0.9 2 7 2 4,6 - 2,7
g 7 1 2,0 1.4 2 & 2 3.6 3.0
T 1 2 38,6  35.4 Z 9 2 5.8 ~ 7.0
I 2 @2 3.7 - 3.4 2 11 =2 3.3 =~ 3.5




ulm-

h x 1 |F,] Py nox 1 |F) Po
2 13 2 4,0 ~4,2 4 15 =2 2.3 1.8
2 14 2 3.8 3.0 4 16 2 2,0 1.8
2 16 2 4.0 - 3.7 § 1 @2 4.1 3.6
2 17 2 3.5 3.6 8 2 @ 12,0 11.8
2 18 2 3.8 - 4.8 8§ 3 @2 9.6 7.7
3 1 =2 8.0 - 9.4 5 4 2 8.9 7.1
3 3 2 17,8  15.7 5 7 =2 4.8 - 4.0
3 4 2 20,9  ~21.0 5§ 12 2 3.6 - 4.0
3 5 2 5.1 5.5 5 13 2 2,3 -~ 0.7
3 6 2 8.9 - 8,7 5 14 2 1.6 1.5
3 7 @ 18.86  -16.3 § 16 2 6.3 3.7
3 8 2 12,4 11.7 8§ 17 2 3.1 2.3
3 9 2 3.8 - 4.2 6 2 @ 1.6 - 3.4
an 2 3.5 - 0.7 6 3 2 1.6 2,6
3 13 2 2.6 - 2.5 6 4 2 4.8 - 3.8
3 16 2 1.6 ~-1.3 § 65 2 7.0 =~ 6.1
§ 1 2 16.3 14.9 6 ¢ =2 6.1 5.7
: 2 2 27.8 29.1 8 7 2 8.9 =~ 7.3
§ 3 2 8.6 10.1 6 8 2 1.6 = 2.2
4 4 @ 15.7 15,7 8 9 ¢ 8.1 8.5
T 5 2 8,7 - 9.6 g 100 2 8.0 - 8.8
4§ ¢ 2 2.8 - 9.0 6 11 2 3.3 3.6
d 7 2 6.8 ~ 6.9 6 12 2 2.8 =~ 3.3
4 14 2 4.4 3.8 6 13 2 1.1 = 1.4
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h ok 1 \R Pq nok 1 R Pq

6 15 2 2.8 1.6 113 3 3,7 = 3.9
7 3 2 7.2 - 7.4 1 1 3 10,3 9.7
7 4 2 6.3 - 6.4 116 3 5.6 = 5.2
7 5 2 7.2 - 6.8 Z 1 3 62,7 ~56.1
7 8 2 5.8 - 5.9 Z 2 3 13.4 12,4
7 9 2 4.6 3.8 2 3 3 6.3 =~ 5.3
7 10 2 7.7 = 7.5 Z 4 3 8,7 -8.3
7 18 2 1.1 =0.1 2 6 3 14,8  -13.4
8 3 @2 1.1  ~-1.8 2 7 8 2,6 =~ 2,0
g8 4 2 3.6 = 3.7 2 8 3 2.3 =~ 1.4
g 5 2 1.6 =~ 2.0 2 9 3 8.3 7.0
g8 8 2 1.1 - 1.8 2 10 3 3.9 -~ 4,0
P 4 2 1.6 1.9 211 3 1.1 0,9
9 7 2 1.1 -0.9 2 12 3 5.2 5.2
1 1 3 18,4 ~-20,7 2 13 3 10.6 = 9.3
1 3 3 12,6  -13.7 2 14 3 8.0 7.8
1 4 3 4.9 - 5.1 2 18 3 3.3 - 3.3
1 5 3 13.8 14.4 2 16 3 2,0 =~ 1.8
1 6 3 6.4 6.0 2 17 3 2.6 2.3
1 7 3 4.6 - b,2 3 1 3 32,4 -29.8
1 8 3 69 - 4.7 3 3 3 14.6  14.3
110 3 8.8 ~-8.9 3 4 3 18.1 ~17.8
I 11 3 140 121 3 5 3 4.6 4.2
T 12 3 8.8 8.3 3 7 3 3.0 = 1.7




h kx 1 Py ] e h k 1 | Fo | Fq

3 8 3 3.3 - 2.8 & 6 3 119 12.6
3 10 3 6.4 - 6.5 € 7 3 10,1 ~-11.3
3 16 3 1.1 - 1.3 6§ 8 3 2.3 1.8
4 1 3 e 15,0 ¢ 9 3 1.1 = 1.0
i 2 3 4.1 5.3 6 10 3 1.1 = 1.7
I & 3 3.7 - 1.7 6 11 3 1.1 = 1.0
4 5 3 13.6 12.2 6 14 3 1.6 =~ 1.4
4 6 3 12,6 11.7 7 1 8 1.1 2.9
4 7 3 12,3 10,8 7 4 3 11.7 9.6
4 10 3 12,1 - 9.4 7 5 3 8.6 =~ 9.6
4 12 3 1.6 ~1.8 T ¢ o 6.7 5.9
5 1 3 5.6 5.6 v ¥ ¢ 8.6 =~ 8.9
58 2 a 6.8 6.0 7 8 3 6.6 =~ 6.7
5 4 3 6.1 6.4 7 10 3 3.0 - 2.6
5§ 5 3 8.1 7.4 7 14 3 2,0 - 1.6
5 6 3 7.1 6.0 8 3 3 1.6 2.4
58 7 3 4.4 4.7 8 4 3 6.0 4.9
5 8 3 4.0 4.2 8 8 3 3.5 2,7
8 11 3 3.0 - 2.6 g8 7 3 2.3 - 2.5
5 16 3 3.3 - 2,7 § 8 3 2.8 - 2.8
6 2 3 11.3  -11.4 g 9 3 2.0 = 1.6
6 3 3 14.8 12,7 9 1 3 3.7 2,7
€6 4 3 6.7 6.0 g 3 3 2.8 2,0
6 5 3 13.8  -11.8 g 8 3 1.1 0.7
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ok 1 |F,) Py nok 1 | F| B
1 1 3 0.9 0.3 2 10 4 16,6 =16.9
10 3 3 0.7 - 0.4 2 11 4 4.8 4.7
10 56 3 1.6 0.7 2 13 4 4.6 - 3,8
1 1 4 8.8 ~8.1 2 14 4 2.0 2,2
1 2 4 8.4 - 7.4 Z 15 4 1.6 1.2
1 4 4 4.4 - 4.6 3 2 4 2.8 - 2,7
1 5 4 14,3 -13.3 3 3 4 116 -10,6
1 6 4 8.5 8.1 3 4 4 119 -11.6
1 7 4 12,8 -2 3 6 4 7.6 = 8.9
1 9 4  13.6 14.7 3 6 4 3.6 3.4
1 10 4 12,7 -10.7 3 .13 4 2,8 - 2.7
1 11 4 7.4 8,0 317 4 1.1 0,9
1 12 4 T2 = 6.9 4 4 4 108 10,1
1 16 4 3.9 3.6 4 6 4 8.4 8.6
1 16 4 1.6 1.6 & 7 4 6.3 =~ 5.6
2 1 4 14,9 -12,8 4 8 4 3.3 3.1
2 2 4 11,6 =10.5 4 9 4 1.6 2.7
Z 3 4 21,2 -20.4 410 4 8.4  ©.8
2 4 4 15,2 -16.3 d 1 4 2.6 2,2
2 5 4 158 -15.2 413 o 1.6 = 2,1
2 6 4 3.8 4.5 4 14 4 1.6 =~ 1.9
2 7 4 3.0 ~-3.1 4 156 4 2,6 =~ 2,1
2 8 4 8.2 = 6.6 58 3 4 3.6 4.1
2 9 4  12.6 11.4 5 5 4 4.3 3.9
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3.3
3.5
3.5
3.3
2.0
1.1l
1.1
5.4
18,0
7.7
3.3
3.3
2,0
1.6
10.1
9.3
8.3
3.8
4,8
3.5
4.0
2.6
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16.5
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2.0
1.1
1.1
2,0
1.6
4.3
il.3
11.3
11.9
9.7
13.6
3.9
4.6
3.3
3.0
4.4
4.9
8.8
8.2
19.7
10.4
16,8
77
3.5

= 1.0
1.0
1.6
1.9
1.6
5.2

-11.6

1il.1
~11.9
10.4
~13.5
4.3
- 5.2
- 2.8,
2.7
4.2
-~ 4.3
8.0
5.4
=17.7
9.4
~17.0
- 6.9
= 3.3
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hn ok 1 \¥o | ¥q h ok 1 [P | P
2 12 5 3e7 3.6 5 14 5 1.8 1.8
2 14 & 1l - 1.3 5 16 5 1.1 0.3
3 2 5 3.7 -~ 2.8 8§ 2 5 12,0 -11.7
3 3 8 9.7 7.l § 3 5  11.2 -10,0
3 4 b 4.6 4.1 6 4 b5 2.3 1.8
3 &5 8 4.6 4.6 ¢ 5 8 7.7 7.0
3 6 5 2.6 = 2.8 6 6 5 4.6 4.2
3 7 5 5.2 - B.4 6 7 5 5.2 5.6
3 8 5 6.4 = 5.8 6 8 B 2.3 - 2.6
4 2 b 7.0 - &1 6 10 B 2.0 2.2
4 3 b 7.4 7.0 6 11 5 2.0 - 1.6
4 5 & 3.8 3.9 6 12 8 2.3 2.3
4 ¢ 8 3.0 =~ 2.8 7 2 13.8 -13.2
4§ 7 6 4.3 4.0 7 3 @& 9.8 -~ 9.6
4 8 5 3. 2.0 7 1 8 3.0 3.2
4 13 & 1.6 3.7 7 11 8 2.3 1.Y
4 4 b 4.1 2.8 8 9 & 2.8 1.¢
5§ 2 & 2.6 2.3 8 10 & 1.6 =~ 1.7
8 4 5 3.0 2.6 8 11 b 4.4 3.0
5 7 ® 7.7 6.6 9 3 8 1.1 0.8
5 8 & 2.0 - 2.5 9 4 & 1.1 =~ 1.8
8 9 & 2.3 2.3 9 8 & 1.6 1.4
5 11 & 1.6 =~ 1.8 9 6 6 2.3 2.1
6 12 & 3.0 2.9 1 1 6 3.3 1.4




LY S SRR A L hok 1 )R] P,
0 3 5 3,0 ~ 1.3 ¢ 8 & 3.6 4.0
I 1 e 12,6 12,4 4 11 6 2,3 2,2
1 3 @ 1.3 13.4 ¢ 13 6 2,8 - 2.2
I 4 & 6.3 = 5.6 4 14 6 2.8 2,5
T 5 e 3.9 3.0 5 o 2,3 3.3
T & e 3.9 - 3,2 B 6 3.6 ~ 2,9
I 7 e 3.5 3.2 B G 3.5 3.7
I 8 & 3.8 -~ 2.4 [ 6 3.0 2,8
T 11 @ 3.5 2,9 5 11 e 2.8 2.1
2 1 e 14.4 13,8 6 4 6 2.3 - 1.7
2 2 6 2.0 =~ B.6 6 5 @ 6.3 = 7.0
Z 3 & 9.1 1.6 6 6 6 8.2 - 8.9
Z 5 & 3.9 - 3.4 6 8 6 1.1 = 1.7
Z 8 6 2.9 3.7 6 9 6 4.1 4.7
2 7 6 3.9 4.1 6 10 6 2.8 3.4
2 2 6 3.8 - 4.0 6 11 6 1.6 1.6
Z 11 6 4.1 - 4,6 6 13 6 1.1 0.8
3 5 6 2,0 - 2.2 1 1 7 8.2 -8,0
3 6 6 1.6 1.6 1 2 7 2.3 =~ 2,6
3 7 @ 2.0 2,3 1 3 7 4.6 - 4.6
3 9 6 2,3 2,6 1 & 7 3.0 3.3
3 11 6 3.0 - 3.1 1 & 7 2.3 2,3
3 13 6 2.6 - 2.7 1 6 7 3.0 3.4
3 14 6 2,0 1.8 1 7 7 3.8 3.8




P ¥ §

h k1 | Fo | Fq h k 1 | By | Fq

2 1 7 2.6 - 3.5 5 12 7 2.3 1.5
2 2 7 8.6 ~ 9.1 6 2 7 2.3 2.2
2 3 7 7.6 = 6.7 6 3 7 3.0 - 3.3
2 4 7 3.5 3.3 6 4 7 1.1 1.8
2 6 7 3.0 2,6 € b5 7 2.3 =~ 2.0
2 7 3.0 2.6 6 7 7 1.1 - 1.0
2 10 7 1.6 0.4 € & 7 1.1 - 0.9
3 2 7 2.0 =~ 2.1 6 ® 7 B.6 - 5.2
3 4 7 2.0 2,0 € 11 7 2,8 - 1.9
3 ¢ 7 3.0 -2, I 2 &g 1.6 =~ 1.2
3 9 7 2.6 1.8 I 2 8 2,3 2.4
3 10 7 2.3 -~ 1.9 1 5 &8 2.8 - 3.3
3 11 7 3.5 3.8 Z 5 8 3.0 =~ 3.5
3 12 7 1.1 - 1.1 g2 7 8 2.6 =~ 2.4
& 3 7 2.3 2.7 3 1 8 1.6 1.5
& & 7 1.6 = 1.7 3 4 8 1.6 1.4
& 5 7 5.8 A0 3 5 8 2.3 -~ 2.4
¢ 6 7 4.5 2,8 3 8 8 2.6 2.6
@ 9 7 2,3 2.3 3 9 8 11 - 1.2
§ 10 v 3.0 - 3.4 $§ 3 8 2.3 1.7
4 11 7 2.8 3.3 4 5 8 1.6 =~ 1.3
8 3 7 2.3 -~ 2,8 4 6 8 8.1 3.6
5 7 2,3 =~ 1,5 4 7 8 2,8 - 2,8
5 7 7 2,3 =21 58 3 8 2.8 2.8
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APPENDIX

Observed =nd caleulated structure factors

{(o~dimethyl amino benzole acid)

(-

MO MM o0 O 0 D0 9 0 O 0O 0 0 B o & N

2 . A . -

%o & ¢ W O O O O

-
B 8 5

¢ O 9 ¢ ¢ & 0 » O O O D

K

D 59 O O O O O O O ™ e ¢ ¥ O O O O OO0 O D O 2

4.7
45.4
-39.7
~23.9
~11.0
6.7
- 5,8
2.7
~14.9
~-26.4
2.9
- 2,6
-30,0
52.4
~45,7
12,9
- 8,6
10,4
~-10.1
8.0
6.9

t

@ & & € 9 8 0 N 0 M N 0 N M N8 80 O 0 M e

© ® 9 e o & W 0o ~ 3

e
E s b
2 0O O 0 2 0 29 0 O 09 0 O 29 O 0 O O O O O O O O O

-
©

o & L

5.3
.4
8.1
3.8
3.4
1.3
14.3
14.1
25.3
10,0
7.6
36.2
3.0
4.4
11.7
8.8
9.3
3.8
3.8
2.8
20,6
7.7
3l1.1
10.2

- 7.9
- T.4
3.3
3.4
- 3.4
~20.3
7.3
~30.9
- B.9




n k 1 B | P, h k1 |¥g | P,
3 6 0 229 -23.3 5 7 O 2.8 - 2,6
3 7 0 117 -12.0 8 8 0 7.0 6.6
8 9 0 1.3 0.6 8 9 o© 3.6 =~ 3.3
3 10 © 4.3 -3.8 5 10 © 3.6 3.2
au o .2 -2.3 5 14 O 3.2 - 3.7
3 12 0 3.2 3.0 5 16 © 1.6 - 2.6
313 0 3.2 2.3 6 1 0 119 -15.3
4 1 0 2.0 - 2,2 6 2 0 1.1 -12.6
¢ 2 O© 8.9 4.7 6 4 0 10,1 10.6
4 4 0 128 -12.8 6 5 © 8.1 4.4
4 5 0 23,8 225 6 6 0 10,2 9.7
4 6 0 176 -le.2 6 8 0 8.1 4.4
4 7 0 108 9,7 7 1 0  14.3 l6.2
4 9 O 4.7 48 7T 2 0 8.1 4.6
4 14 O 3.6 -3.1 7 8 0 3.6 =~ 3.5
4 15 © 4.5 4.5 7 4 0O 3.6 3.6
4 16 © 2.8 2,7 7 8 0 6.6 = 6.3
4 18 0© 2.8 3.5 7 o 0 3.2 2.3
5 1 0 106 114 7 10 0 3.2 - 29
5 2 0 3.2 3.4 8 2 0 2.2 2.4
5 3 0 1.6 12.6 8 3 0 4.5 - 4.7
8 4 0O 3.2 2.8 8 4 O 2.2 - 2.1
5 5 © 8.3 - 5.4 8 5 0O 2.9 -~ 3.8
5 6 © 3.6 -~ 2.7 8 6 O 3.9 - 3.2




almn

nox 1 R B n ok 1 [Fy| P
8 7 o 2.9 -3 3 0 1 168 -18.4
8 8 0 2.2 - 2.9 1 1 1 11.3 -ll.6
9 1 o 3.2 - 3.3 1 2 1 18.4  24.7
® 2 0 3.2 2.6 1 3 1  60.86 70.7
® 3 0 3.6 -3 1 4 1 20.1 -32.9
© 4 0 1.6 21 1 5 1 341 39.3
® 5 0 2.8 3.3 1 6 1 8.0 9,0
9 6 © 2.8 3.0 1 7 1 6.9 =~ 7.9
® 7 0 48 41 1 8 1 12.4 137
0 2 1 TLY 844 1 9 1 4.7 - 4.1
6 3 1 72.6 7T8.9 112 1 1.8 = 1.8
0 4 1 70,6 -74.6 113 1 4.2 4.8
0 5 1 178 -17.6 1 14 1 7.1 =~ 7.3
0 6 1 2.3 22.8 116 1 5.6 6.1
0 7 1 38 -44 117 1 2.6 3.0
o 8 1 9.2 7.8 118 1 3.2 3.7
0 9 1  10.2 -9,3 2 1 1 341 386
0 10 1 9.0 8.3 2 2 1 3.8 0.7
o1 1 2.6 = 2,6 2 3 1 B4 3.3
0 12 1 3.8 4.3 2 4 1 =7 326
o 13 1 2.2 - 1.6 2 5 1 61 6.0
0 14 1 42 40 2 6 1  16.86 -12,7
0 16 1 3.8 3.8 2 7 1 16,8 <-13.0
1 0 1 148 18.3 2 8 1 128 -10.6
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hox 1 |, Te h ok 1 121 ¥,
2 9 1 4.5 3.6 ¢ 4 2 10.4 - 9,2
2 10 1 5.2 - 4.1 4 5 1 8.0 8.1
2 12 1 B.1 4.5 4 6 1 2.4 3.1
2 13 1 8.1 4 4 7 2 2.6 =~ 1.8
2 14 1 4.2 -4 4 8 1 121 1.7
2 1 1 3.0 - 2.9 4 9 1 103 -10.5
2 16 1 B.4 - 6.7 4 10 1 3.0 =~ 3.9
2 17 1 3.8 - 4.9 4 12 1 3.0 =~ 2.7
2 18 1 1.8 2.2 4 13 1 3.0 2.8
3 1 1 2.0 -25.6 4 16 1 1.8 2.1
3 2 1 2.7 -30.9 58 1 1. 5.3 =~ 4.3
3 3 1 3.6 -32.3 5 2 1 8.3 - 8.2
3 4 1 7.6 - 7.4 5 3 1 8.4 - 5.8
3 5 1 5.6 =~ 8.1 5§ 4 1 7.7 - 6.8
3 6 1 228 19.6 5 5 1 3.9 - 2.6
3 7 1 17.0 <~l6.2 5 6 1 8.7 = 8.0
3 8 1 9.6 7.9 5 9 1.8 -~ 1.7
3 9 1 1.8 - 1.7 5 10 1 1.8 -1.8
3 12 1 2.2 3.0 5 11 1 4.2 - 3,8
313 1 2.2 -9 5 12 1 6.8 =~ 6.4
3 14 1 2,2 2.2 6 2 1 25,6 28,9
317 1 1.8 - 2.2 € 3 1 7.2 = 7.2
4 2 1 8.6 =~ 5.8 6 4 1 9.3 8.1
4 1 1.6 -~ 1.6 6 6 1 3.0 =~ 2.6
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2.4
10.9
17.2
36.2
17.0

3.4

1.8

2,8

2,0

8.2

2.7

3.0

1.6

3.8

1.3

8.4
14,9
19.2

3.7

1.8

2.8

3.4

2,6

8.9

2.7
2.0
7.0




h k& 1 \rol P, R k3 | %o | ¥
2 11 2 4.2 4.8 4 6 2 1.8 2.3
2 12 2 9,1 -~ 8,7 4 7 2 8.6 =~8.8
2 13 @2 8.2 =~ 7.3 4 8 2 3.0 3.2
2 14 2 4.6 - 4.4 4 9 2 3.2 = 3.4
2 16 2 3.9 3.3 4 10 2 1.3 =~ 1.0
2 16 2 3.7 4.2 4 11 2 5.7 5.0
2 1 ¢ 29,3 -33.4 4 12 2 3.0 =~ 2.8
a ¢ @ 25,8 25,3 4 16 2 0.8 =~ 1.6
3 3 ¢ 12,3 11,3 5 1 2 5.4 - 5.6
3 4 2 7.6 7.6 58 2 @2 6.7 = 7.8
3 5 2 11,2 11,8 58 4 2 11,3 -11.0
3 6 2 6.1 6.5 5 5 2 3,4 =~ 3.0
3 7 @2 9.4 7.7 B 6 @2 3.0 =~ 2,6
3 8 2 1.8 1.9 5 7 2 3,6 =~ 2.8
3 ¢ 2 6.7 5.4 8 8 g 8,1 =~ 8.6
3 10 2 4.8 =~ 4,1 8 9 2 5.1 =~ 5.2
3 11 2 6.8 5.8 5 10 2 3.6 ~-2.8
3 12 2 3.0 2.9 8 11 =2 2,8 2.9
3 13 @2 2.0 -~ l.4 5 13 2 2.4 2,5
4 1 2 6.7 - 6.4 6 4 2 9.2 ~10,2
4 2 2 7.8 9.0 6 5 2 10,1 10.6
4 3 ¢ 2.4 -~ 2.4 6 6 2 Td = 8.9
4 4 2 1.3 10,7 6 7 2 6.4 6.5
4 5 2 1.3 =~-0.8 6 11 2 3.4 -~ 3,8




ul%n

h ok 1 | By Pe h k 1 | ¥, ) Po
n 1 3 6.1 6.4 110 3 5.5 =~ 5.4
0 2 3 17.4  ~16.0 1 11 3 15.9 17.5
©c 3 3 26.4 ~23.0 112 3 3.0 3.7
n & 3 17.2 =16.7 1 13 3 4.6 -~ 5.5
0o & 3 .7 ~29.7 1 14 3 4.5 -~ 5.4
0 ¢ 3 25.9 28,5 11 3 4.2 =~ 5,8
o 7T 3 6.3 -~ 5,1 2 1 3 20.0 ~21,3
0o & 3 11.8 -~11.6 2 2 3 1.8 =~ 1.1
0o €& 3 27.2 25,9 2 8 3 3.6 4.0
0 1t 3 11.6 ~10.6 2 4 3 1.3 = 0.8
o 11 3 8.1 8.1 2 5 3 847 0.3
0 12 23 4.6 - 5.1 2 e 3 2.6 ~ 9.3
1 ¢ 3 2.6 =~ 0.8 2 7 3 1.8 1.7
3 ¢ 3 19.6 20.1 2 8 3 8.3 =~ B.3
58 ¢ 3 3.4 =~ 2.8 2 ¢ 3 18,8 ~15.0
i 1 3 2,0 =~ 2.4 2 1 3 14.2 ~13.1
1 2 3 4.4 6.4 2 11 3 4.6 - 4.9
1 2 3 17.6 ~-17.3 2 12 3 6.5 6.9
1 4 3 14.8  ~14.6 2 13 3 6.7 5.2
1 &8 3 8.8 -~ 4.8 2 14 3 5.6 5.6
1 6 3 7.4 7.0 3 3 3 19.9  22.2
1 7 3 1.8 -11.8 38 4 3 9.1 ~ 7.8
1 8 3 3.6 3.4 3 68 3 17.4 17.8
1 & 3 7.9 7.7 3 & 3 4.5 -~ 4.0




R k1 |Fl Fq h k 1 | %o ) Fq

3 7 3 4.6 4.9 3 9.7 9.9
3 8 3 1.8 1.6 6 6 3 1.6 - 1.9
3 9 3 7.0 7.6 6 7 3 6.6 =~ 6.3
38 10 3 3.0 =~ 2.8 6 8 3 2.6 1.7
3 14 3 3.2 4.1 6 9 3 4.2 - 4.4
4 1 3 3.8 4.3 6 12 3 1.8 =~ 2.2
4 4 3 9.0 = 7.4 7 3 4.9 4.1
4 5 3 6.6 5.1 7 3 4.7 - 4.5
4 7 3 4.9 4.6 7 3 2.0 2.2
4 8 3 4.9 8.3 7 3 7.2 =~ 5.7
4 12 3 1.8 - 2.3 7 10 3 3.3 3.0
4 14 3 2.3 2.4 o 1 4 13.6 -12.2
4 156 3 2.0 =~ 2.7 o 2 4 5.3 4.4
5 1 3 3.0 - 2.4 0 4 4 13.7 9.6
5 2 3 3.0 - 2.2 0 & 4 10.3 7.2
5 5 3 8.0 = 8.7 0 6 4 14.6 11.8
5 7 3 3.0 =~ 2,7 o 7 4 17.1  16.1
5 8 3 8.7 8.7 0 9 4 16.9  14.6
6 9o 3 4.8 4.3 0 10 4 3.3 =~ 3.3
5 10 32 3.8 3.6 0 11 4 5.7 5.9

5 14 3 1.3 1.8 0 12 4 8.5 8.6
6 1 3 3.0 2.4 0 13 4 6.8 ~ 6.6
6 3 8.7 6.5 0 18 4 1.3 - 1.7
€ 4 3 4.9 - 4.3 2 0 4 8.9 8.8
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hok 1 |F| P R ok 1 R Pq
4 0 4 10,2 -10.8 2 10 4 123 11.5
1 4 4.3 4.4 2 11 4 7.3 6.9
1 2 4 1.8 1.9 2 14 4 2.4 2.7
1 3 4 2.0 2.2 3 2 4 2.6 - 2.1
1 4 4 3.8 3.8 a 3 4 8.6 7.4
1 5 4 3.0 3.0 2 4 4 6.6 = 8.1
1 6 4 6.4 - 5.3 3 5 4 8.7 5.3
1 7 4 9.4 7.8 2 6 4 9.1 8.9
1 2 4 6.8 5.6 a 7 4 9.3 =~ 8.3
1 © 4  14.5 18,8 3 o 4 6.9 - 8.3
1 10 4  14.0 -18.8 2 16 4 0.9 1.6
1 11 4 4.1 -~ 4.2 s 1 4 3.8 - 3.3
1 12 4 4.4 - 3.8 ¢ 2 4 2.8 - 3.3
113 4 8.0 = 8.4 4 3 4 1.6 1.0
1 14 4 3.2 3.3 4 5 4 6.8 6.3
115 4 3.0 =~ 2.9 a 9 4 4.5 - 3.8
2 1 4 4.9 4.2 4 10 4 3.0 - 3.3
2 ¢ 4 8.6 - 8,2 4 13 4 2.0 =~ 2.4
e 3 4 6.9 5.8 5 3 4 4.8 - 4.8
2 4 4 71 - 6.4 5 5 4 2.8 2.1
2 5 4  1l.4 -10.4 5 6 4 10,6 8.8
2 6 4 16,2 -15.7 5 7 4 3.8 3.4
2 7 4 241 -22,8 5 8 4 3.7 3.6
2 8 4 4.1 - 3.6 5 9 4 2.4 2.4




n ok 1 R, F, h ok 1 PR, Pq

5 11 4 3.0 3.1 0 16 1.8 =~ 2,0
5 12 4 1.8 1.8 1 0 5 11,1 123
6 2 4 8.6 5.0 1 1 & 2.3 3.2
6 4 4 3.6 =~ 3.6 1 2 & 2.8 2.5
6 5 4 3.6 =~ 3.3 1 3 & 2.3 -1l
6 6 4 1.3 0.6 1 4 8 3.4 3.0
6 7 4 6.6 =~ 4.8 1 8 & 7.8 10,1
6 8 4 5.7 4.1 1 8 B 6.1 = 6.6
6 9 4 2.0 - 1.7 1 9 & 5.5 - 4.8
6 10 4 1.8 =21 112 8 3.3 4.3
6 11 4 2.4 3.1 1 138 & 3.9 -~ 8.7
e 1 & 9.2 8.3 1 14 B8 1.8 1.6
o 2 6 1.5 12,0 1 16 8 1.3 2.3
o 3 & 8.3 - 4.8 1 16 6 2.3 - 3.6
0 4 ® 12,0 11,0 2 2 B B.7 =~ B.9
o 8 & 6.6 5.8 2 3 & 4.8 - 6.8
0 6 B 7.0 6.1 2 4 5 127 =14.0
0o 8 8 3.7 2.4 2 5 6 7.0 = 6.5
o ® b 2.4 21 2 6 6 8.9 8.9
0 10 & 1.3 1.7 2 7 5 14,0 13.8
0 11 & 8.6 = 85,7 2 8 B 6.6 7.0
0 12 B 8.1 5.7 2 9 & 4.3 4.1
0 13 & 2.6 - 1.6 2 11 5 4.2 4,0
o 16 & 2.3 1.9 3 2 b 8.1 6.2




n ok 1 R Fq h k 1 R, Fq

3 3 5 7.1 7.2 1 4 6 3.0 - 2.8
3 5 & 7.2 =~ 8.6 1 6 6 9.2 ~10,8
3 7 & 7.6 = 9,2 1 6 6 3.0 =~ 4.6
3 8 & 2,6 2.8 1 8 6 3.0 3.9
3 10 5 4.2 =~ 5,0 2 1 6 4.2 ~ 3,5
4 5 3.3 3.6 2 2 6 4.2 - 3.4
4 5 3.3 =~ 3.3 2 3 6 10.9  11.6
4 & 4.9 -~ 5.9 2 4 6 10.9  1l.4
4 5 3.0 -~ 3.3 2 6 6 9.2 8.3
4 10 B 3.2 - 3,0 2 6 6 3.0 3.6
4 14 B 2.6 1.7 2 9 6 2.6 3.7
5 38 6 3.7 3.0 3 1 &6 6.0 6.2
5 4 o 3.4 2,9 3 2 ¢ 3.0 =~ 4.2
& 5 & 3.4 2.8 3 3 6 3.0 - 3.7
5 7 & 3.2 2.7 3 8 @ 2,6 = 3.0
5 9 B 3.0 3.1 3 9 6 1.6 2.7
0 1 6 3.9 -~ 4.4 4 3 6 2,6 ~ 4,0
0o 2 6 8.0 7.7 4 7 6 1.6 =~ 1.7
0o 3 6 9.0 =~ 7.9 4 11 6 2.8 3.8
0D 5 6 3.0 3.4 0o 2 7 4.2 - 4.4
0o 6 6 T:1 = T.l 0 & 7 8.8 <~ 6.2
6 7 & 3.0 2.9 6o 5 7 3.0 4.7
0 8 6 2.3 = 2,8 o 6 7 3.0 =~ 3.6
0 18 6 4.5 4.1 0 9 7 34 - 4.4




n ok 1 \F ] R n k 1 |FR| P

n 13 7 1.3 2.0 7 o 1 12,5 ~=13.6
1 1 7 4.2 - 5,9 § o 1 6.6 = 7.0
1 2 7 4.2 - 4.7 1 2 1 40.0 ~40,5
1 3 7 4.2 - 6.3 1 3 1 3.0 = 2,6
2 1 7 9.7 8.7 1 4 1 16.2  ~18.7
2 2 7 10,3 11.7 1 6 1 15.1  13.3
2 3 7 5.6 = 4.7 1 6 1 20,2 =18.9
2 5 7 3.7 - 3.9 1 7 1 16.9  17.0
2 6 7 2,6 2.4 i1 8 1 7.8 = &7
4 8 7 0.9 2,1 i 9 1 10.4  11.7
4 ® 7 0.9 0.9 T 10 1 15.8  16.9
0o 4 8 2.6 1.9 T o3 11.3  11.6
0o 7 8 1.8 =~ 2,6 1 12 1 5.8 645
0o 8 8 1.8 2.3 T 13 1 4.2 = 4.8
0 11 8 0.9 1.4 Z 1 1 44.6 -5l.1
2 1 8 S.4 = 6.1 2 2 1 12,6  12.2
2 2 8 4.5 4.6 Z 3 1 9.6 = 9.3
2 3 8 4.3 - 3.9 2 4 1 3.0 2.9
2 6 8 3.7 =~ 3.8 Z 5 1 7.8 =~ 7.6
3 5 8 3.0 -0,9 7 6 1 7.2 ~ 8,2
3 6 8 2.6 - 1.9 z 7 1 6.8 =~ 7.6
0 6 9 1.8 2.1 2 8 1 7.8 = 6.9
3 0o 1 19.1 21,9 7 9 1 14,56  13.3
8§ 0 1 16.1 18,5 7 100 1 15,4 ~-14.8

]



h k 1 |R] R h ok 1 Ry P,
2 11 1 3.9 =~ 3. 4 6 1 4.2 - 4,6
2 12 1 5.6 = 6.4 a4 7 1 4.7 5.2
2 13 1 4.2 =~ 3.8 ¢ 8 1 67 - 4.4
2 15 1 2.3 1.9 4 9 1 2.2 2,2
3 1 1 25.9 28,9 «§ 11 1 4.2 - 4.6
3 2 1 11.9  12.4 212 1 4.2 -~ 4,6
3 3 1 7.2 7.7 3 14 1 3.9 4.5
3 & 1 7.0 7.2 4 15 1 2.6 3.3
3 5 1 10.1  -11.0 5 1 1 4.9 -~ 5,7
3 6 1 8.6 9.8 8 2 1 61 7.6
3 7 1 3.0 3.1 5 4 1 3.7 3.7
3 8 1 19.6 ~19.3 8 5 1 12.0  =14.1
3 9 1 1.8 2.0 8 6 1 2.6 3.8
3 10 1 1.1 -12.1 5 7 1 3.9 - 4.2
3 11 1 4.1 - 3.9 5 9 1 5.8 5.4
3 12 1 2,0 -~ 2,0 8 11 1 3.0 3.3
3 13 1 4.2 -~ 3.7 5 12 1 4.2 4.0
3 15 1 2.2 = 2,6 5 13 1 3.9 4.3
3 18 1 2.8 2.7 5§ 18 1 4.8 =~ 6,0
4 1 1 8,9 -10.4 5 16 1 4.7 =~ 6.1
4 2 1 19.4 -19.5 6 1 1 8.0 10,5
4 3 1 11,7  ~12.6 8 2 1 7.0 7.8
4@ 4 1 8.2 - 8,0 6 3 1 5.8 ~ 6.8
¢ 5 1 10.8 12,2 6 4 1 22.2  24.5
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n o x 1 |F) P, nox 1 [F)) P,
2 3 3 3. 29,0 4 3 3 11.3 -11.5
2 4 3 3.0 -~ 2.8 4 4 3 14.4 15,7
2 85 3 11,7 11.5 & 5 3 18.7 -17.7
2 7 3 8.3 -~ 2.4 4 8 3 16,1 16,3
2 8 3 7.8 7.6 § 9 3 18,6  16.3
2 10 3 5.4 6.2 4 10 3 4.1 5.2
2 11 3 4.2 - 3.6 $d 11 3 2.3 =~ 1.6
2 12 3 4.2 4.5 4 12 3 1.6 =~ 2,2
Z 18 3 5.4 7.7 4 13 3 1.6 - 2,2
a 1 3 9.4 8.3 5 1 3 3.2 3.9
3 2 3 18,3 ~3.0 5 3 3 9.8 8.9
3 3 3 8.8 =~ 8,0 5 4 3 11.3  -10.4
3 ¢ 3 150 14,8 5 5 3 3.9 4.1
3 85 3 2.7 -19.7 5 6 3 3.4 - 4.1
3 6 8 12,7 11.5 5 7 3 4.1 3.8
3 7 3 12.4 -10,3 5 8 a3 7.0 = 6.4
3 2 3 2.6 - 2.7 5 9 3 9.1 =10,2
3 9 3 3.8 4.2 5 10 3 BO - 6.0
3 10 3 4.9 4.5 5 11 3 8.9 ~10.6
3 11 3 5.0 5.4 5 12 3 7.1 8.3
3 13 3 4.1 4.8 5 13 3 2.6 2.8
3 16 3 2.6 3.2 5 18 3 1.6 1.8
ry 3 12.2  12.4 6 & 3 8.0 4.9
4 2 3 3.6 4.5 6 4 3 3.4 - 3.4
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h ok 1 |F | P hok 1|7, F,
2 10 4 3.0 - 2.2 s 7 4 6.6 6.7
2 11 4 9.9 9.5 Y 4 8.2 =~ 8,8
2 12 4 4.1 4,5 ry 4 B.4 - 9.2
2 13 4 6.8 6.1 4 16 & 4.9 - 4.8
2 16 4 1.3 -~ 1.7 T un 4 1.6 =~ 2,1
2 18 4 0.9 1.6 ¢ 13 4 3.6 =~ 3.9
3 1 4 190 -17.8 '3 14 4 1.3 - 21
2 2 4 9,8 8.9 5 1 4 8.1 7.7
3 S 4  13.4 -12.6 3 2 4 9.0 -~ 7.4
3 4 4 3.0 3.3 5 4 4 1.8 = 1.7
3 6 4 16,4 -13.2 5 &5 4 8.1 - 7.9
2 6 4 2,6 - 2.6 5 ¢ 4 8.2 - 8.5
3 7 4 9.7 1.1 8 7 4 16,7 -14.8
3 8 4 8.6 =~ 8,3 5 ¢ 4 4.2 4.9
3 ® 4 4.9 3.8 5 10 4 2.1 7.4
3 10 4 2.8 - 2.4 5 14 4 3.3 - 3.8
3 12 4 2,8 2,8 5 16 4 1.3 - 2.4
316 4 1.3 1.9 8 1 4 3.4 - 3.2
€ 1 4 3.2 2,7 5 2 4 8.4 6:7
4 2 4 8.7 - 6.1 s 6 4 3.9 =~ 3.7
T 3z 4 6.3 =~ 4,7 € 6 4 2,8 =~ 3.1
T 4 a4 8.5 7.2 6 7 4 1.6 = 1.7
4 5 4 16.4 15,0 e & 4 2,8 2,1
4 € 4 9.7 10.6 5 ° 4 8.9 ~ 5.8




h k 1 | Fy | r, h k 1 | Fo ) Fo
10 4 3.0 3.4 1 1 & 19,5 -21.2
6 11 4 4.2 -~ 4.5 1 2 & 7.2 - 8.3
6 13 4 3.3 3.8 1 8 6  13.2 =16.7
6 14 4 2.6 =~ 2.9 I 5 & 3.7 - 3.3
7 1 4 16,0  ~13.0 i1 6 & 3.2 -~ 2,0
7 3 4 6.6 5.2 1 7 6 5.8 =~ 5,8
7 4 4 4.6 3.6 I 8 & 7.9 ~8.4
7 5 4 9.9 8.6 T 11 8 3.3 4.0
7 6 4 1.8 1.9 T 12 5 2.4 2,7
7 7 4 5.1 .1 I 13 & 1.8 2,1
7 8 4 3.4 4.2 T 18 s 2,3 2.4
7 9 4 1.3 1.6 I 16 & 1.8 2.3
7 10 4 3.0 3.6 Z 1 & 13.3 =13.7
7 12 4 1.6 = 1.8 Z 2 5 2.6 =~ 1.4
g 1 4 3.0 2.7 2 3 B 3.4 2.9
8 5 4 2.3 = l.4 2 4 & 2,3 =~ 1.9
g8 7 4 3.0 3.1 Z 5 & 2.3 2.6
? 1 4 3.0 2.3 Z 9 & 5.6 5.5
? 2 4 3.0 2.9 2 11 6 3.7 - 3.7
9 4 4 2.8 1.6 2 12 & 2.6 = 2,8
I 0o & 4.9 -8,5 g 13 & 3.4 =~ 3.2
3 0o & 5.7 -~ 8.3 3 1 & 4.5 - 3.4
7 0 & 5.1 4.5 3 2 & 8.9 =-8,9
2 0 & 4.2 2.8 3 3 & 7.5 7.3
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h k 1 | ¥y | Pe h k 1 | Fo | F,
3 5 & 2.6 3.0 6 2 6 7.6 - 8.6
3 6 B 3.7 - 3.7 6 4 5 8.4 - 7.7
3 8 & 5.3 - 4.6 8§ 5 & 3.7 2.9
3 10 & 3.7 2.7 6 8 & 3.4 4.2
31 & 4.5 - 4.2 6 10 85 3.2 3.2
3 12 5 3.7 3.1 6 11 b5 2.3 2.2
3 18 b 2.6 -~ 2.6 6 12 B 2.6 ~ 2.7
4 1 & 11.3 12,1 6 13 5 3.7 3.8
4 2 5 16,3 17.9 7 1 b 6.3 6.1
4 3 b 18.8  14.7 7 3 8 8.7 9.3
4 4 B 6.9 8.3 7 5 & 4.9 8.1
4 5 b 10.1  ~10.9 7 6 8 3.2 3.1
4 6 & 12,6 ~18.1 7 7 & 3.2 2.8
4 7 b 3.7 - 3.2 7 9 8 1.8 ~1.5
¢ 8 B 5.3 - 6.1 7 10 5 2.6 =~ 2.1
4 10 8 3.7 =~ 3.6 g8 1 6 2.3 =~ 1.6
4 11 5 3.7 - 2.6 g8 3 & 2.3 =~ 1.4
5 3 b 11.0  ~11.9 8 4 5 2.3 1.9
5 4 & 5.3 - 4.4 g8 6 & 2,6 - 2.6
5 6 6 7.5 8.4 g8 7 & 2,3 - 1.9
58 7 6 9.1 9.6 8 9 & 3.4 - 2.6
5 8 b 6.4 6.8 3 & 3.2 =~ 2.2
B 16 & 2.3 2.6 1 1 e 13.8 -15.4
6 1 b 2,6 - 2.1 T 2 e 4.2 3.1
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