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ABSTRACT

in the present studies the crystsl and molecular
structures of B-Alanine and its Nickel and Cobalt
complexes have been determined by X-rasy diffraction.

f-Alsnine, molecular formuls NHZCEchECOOH
crystallises in the orthorhombic system with 8 molecules

in a unit cell, The unit cell dimensions &re
5 = 9.8658, b= 13.818 end ¢ = 6.07R

The systemstic absences establish the spsce group
as Pbea. The trial structure was fixed from the three
Harker lines P(ufo), P(Zow) and P(ovi). The structure
was refined by 2 few cycles of difference Fourier
syntheses followed by & few cycles of least squére
refinements of (001) and (100) projections and finslly
by & least squares refinement using sll the general
reflexions,

The bond lengths snd bond angles within the
f~Alanine molecule are close to the expected values,

The molecular configuration of f-Alenine in its complexes
with Nickel and Cobalt and in the free state is the same,
nemely, the gauche form,

The amino nitrogen forms three strong hydrogen
bonds to coarboxylic oxygens in three different adjacent

molecules. These honds are nesrly tetraéhedrslly disposed



with respect to the C-N bond. The nearly tetrshedral
arrsengement of the hydrogen bonds around nitrogen implies
that f-Alanine molecules in the crystsl exist in the
zwitterion form. The N-H....0 hydrogen bonds tie the
molecules into infinite double layers parsllel to (010)
pléne. The neighbouring double lsyers are linked by
Van der Waal's bonds, ‘

The complexes of Nickel and Cobalt with F-Alenine
crystallise ss dihydrates in the triclinic system and

are isomorphous, The unit cell dimensions are

Nickel P-Alanine dihydrate, Ni(NH20H20H2COO)22H20

a = 848 b= 6.77 c = L.93A

a = 10%.0° g = 95,2° Y = 102,3°

it

Cobalt B-Alanine dihydrste, Co(NHQCH?CﬂchO)zszo

a = 8.54 b = 6.79 c = 4,061
a = 103,3° R = 05,8° T = 101.3°

The spsce group is P1 and there is one molecule
per unit cell,

The structure of Nickel B-Alanine dihydrste was
determined from the three Patterson projections. The
refinement was done for a@ll the three projections by
repested difference syntheses. Individual isotropic
temperature factors for a2ll atoms were obtained by the
least squares method during the final stages of refinement.

fefinement of the atomic co-ordinstes of Cobalt

f-Alenine was started from the final stomic co-ordinstes



of the Nickel complex. Refinement of the structure was
done by (FO-FC) syntheses snd using individual tempersture
factors for each atom.

In these structures the metul ion is surrounded by
two carboxylic oxygen atoms, two nitrogens (one from each
g-glanine molecule) and two water molecules., Theyform
& slightly distorted oct&shedron around the metal. The
chelation of the amino acid molecules to the metal is
of the trens form and the metal ion tskes part in the
formation of & six membered ring in both the structures.

lickel and cobalt P-Alanine dihydrete units &are
held by N-H...0 and O-H...0 hydrogen bonds in & stable
layer structure parallel to (100) plene. Lerger thermal
vibration smplitudes normsl to the layers of molecules
sre indicsted by the contours around nickel and the
oxygen atoms in the difference map end also by the
tempersture factors for the three zones, The stacking of
the layers normsl to (100) plene is governed by Van der

Waal's bonds,
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The discovery by Laue, Friedrich and Knipping
that a crystal could behsve as a three dimensional
diffraction grating led to the use of X-rays for
studying the internsl structure of crystsls. The
diffraction spots in X-ray photographs were explained
by W.L.Bragg as srising due to the reflexion of X-rays
by various sets of crystal plenes., The first crystsls
to be analysed by him were those of sikali halides.

W.H.Bragg (1915) suggested that since a crystsl is
periodic in three dimensions it csn be represented by a
Fourier Series in which the coefficient of any term will
be vproportional to the structure amplitude to which it
corresponds. This suggested the possibility of
determining the crystal structures by summing up the
Fourier series using experimentslly observed stiructure
amplitudes. However, the series cannot be summed directly,
since experimeatally, only the amplitudes of the various
reflexions csn be determined snd not their phases. The
ususl method of obtaining the phases is by trial and
error. In this process, a trisl structure which seems
likely is assumed snd for the sssumed positions of tke

atoms the structure amplitudes and hence the theoretical
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intensities are cslculated., These are then compsred to
the observed ones. A close correlation of the calculated
snd observed structure amplitudes would show the correct-
ness of the assumption.

The two dimensional Fourier Series took form in
1925. This represents the projection of a structure on
to & plsne thus reducing considerably the work involved
in summing a triple Fourier series. The first two
dimensional Fouriers were the three principsl nlane
projections of diopside (Bragg, 1929b). In the next few
years the two dimensional Fourier Series played an
‘important role in adding geometricsal precision to the
molecules of organic chemistry. Two dimensionsl Fourier
projections demsand a large number of meusurements since
all the reflexions sround » zone are needed upto a maximum
sin © value which decides the resolution of the Fourier
map. VWeissenberg (1924) introduced the moving film method
of recording the reflexions on diffrsction photographs. -
Bernal (19?7) put forwsrd a simplified method of inter-
pretinéj;;tg; rhotogranhs based on Ewald's concept of the
reciprocal lattice.

A.L.Patterson in 1934, developed & method of
obtaining information gbout interstomic distances in
crystals by using a Fourier series whose coefficients are
the observed intensities (corrected for certain geometrical

factors). The result is a mep, not of the atomic positions,



-3 -

but showing the superposition of all the interatomic
vectors in the crystal. The 'Patterson' wass the first of
s series of digcoveries sbout the ways Fourier Series can
be manipulated for the purposes of X-ray anslysis.

Harker (1936) pointed out that much useful information
asbout the stomic coordinates is concentrated in certain
planes of the three dimensionsl Patterson function. The
use of the symmetry of the crystal leads to these plane
sections.

The early structural work which formed the basis of
the study of organic crystals was on diasmond and graphite.
These structures proved to be the prototypes for the
atomic arrangements present in aliphatic and aromatic
compounds respectively. Based on these structures the
arrangement and general orientstion of the molecules in
the naphthalene @nd anthracene crystals (Bragg 1921, 1922)
were correctly deduced. Long chain compounds which,with
the structure of diémond provided the essentisl basis to
the understanding of the structures of aliphatic compounds,
were studied by Muller and Shesrer and others. The
outatanding example of a complete structure determination
at that time wss hexomethyl benzene by K. Lonsdsle (1928,
1629) .

With the development of the Fourier Series and
simplified co@putational methods Hobertson (1933)
completely determined the structures of naphthalene and

anthrscene and a large number of other molecules. A
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lend meric wes the determination of Phthalocysnine
structure (Robertson snd Woodward 1637) with 60 para--
meters, made possible by the substitution of a heavy
atom in the centre of the group. Accurate determinstion
of bond lengths wss now possible an&iigéir interpretstion
in terms of the nature of chemical bond.

From 1939 onwards s systemstic survey of relsted
compounds in the field of amino acids and simple peptides
was carried out mainly in the Pasasdens School., These
results form the basis of helicsl models of protein
structure proposed by Pauling (1951).

In recent yesrs the sttention of the crystallo-
grarhers hss been focussed on the elucidation of highly
complex structures on the one hand snd more sccurate
refinements of relatively simple structures on the other.
Among the complex structures could be cited those of
Penicillin by Crowfoot, Bunn and others (1952), Vitamin
812 (Hodgkin et al, 1957) and the proteins myoglobin and
haemoglobin, An example of the second is the elaborate
refinement snd the interpretation of results in terms of
thermal vibration of atoms carried out on anthracene and
naphthslene by Cruickshank (1956, 1957).

\mino @scids sre an important class of compounds
having & dipolar structure and are constituents of
bioclogical materisls. The a-amino scids have bheen
extensively studied 88 they are related to proteins. The

F-amino acids, however, have received little attention.



f-nlanine (2-Amino propionic acid) is the simplest amino
acid with the smino group on the f-Carbon atom. It is
found free in nature snd is a constituent of Pantothenic
acid snd coenzyme A,

In the present work the erystal and moleculsr
structures of f-Alsnine znd its Nickel and Cobalt
complexes have been determined. The structuresof the
complexes were investigated in order to zet some idea of
the molecular geometry of PF-Alunine, as an earliier
attempt to solve its structure by trial and error and
direct methods was not successful. In combination with
Harker synthesis, however, the structure of the free amino

acid has been solved.



E~Alanine crystsls were grown from squeous solution
of a ssmple of B.,D.H, Laboratory reagent as colourless
plates parallel to (100) face. The preliminary Laue
photographs showed that the crystasls belong to the ortho: -

‘yhombic system. The sxis normsl to the plate was found to
be the longest axis; to obtain diffraction photographs
along the other two axes the crystals were cut into suitable
siges. Accurate setting of the crystal wes done by the
method of double oscillation (Davies, 1950).

Preliminary values of unit cell dimensions were
obtained from rotation photographs tsken with Cuka
radistion. Accurate determination of axisl lengths was
carried out from high sngle spots in equatorisl
Weissenberg photographs taken sround the & and c axes.

The reflexions used were

10, 0, 0; 12,1,0; 12,2,0 and 12,5,0 for the s axis
0, 16, 0; 2, 17, O end &4, 17, O for the b axis
snd 006, 027, 047, 087 for the ¢ axis.

The spproximste values of a, b and c\obtained from
10,0,0 and 0,16,0 end 006 respectively were used to
calculate a, b end ¢ from the hko, okl reflexions by

means of the expressions
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2
J";z + -ﬂg k2 cosec ©
b

2

¥ k™ =+ h cosec ©

A
b= =

and

cosec ©

8t
c = —%"? 12 + k2

b2

where © is the Bragg sngle.

The mean values obtained from the above reflexions
are a = 9.865 £, b = 13.81 £ snd ¢ = 6.07 £.

The unit ecell dimensions reported by McCrone and
KRe. Jr. (1950) sre & = 9.86 A, b = 13.81 R &nd
e = 6.09 .

Density was measured by flotation in & mixture of
ethylene dichloride and €thylene dibromide at 24°C, The
observed velue is 1.423 g/c.c. while that calculated for
8 units of NH,CH,CH,COOH per cell is 1.h31 g.cm™>. The
observed density (pyknometer) reported by McCrone and
KRe, Jr, is 1.412 g/c.c. The crystsls show cleavage
parallel to (010).

The linear sbsorption coefficient of [-Alasnine

for CuK, redistion given by the expression

s
po P gt



where P is the density, /“3 the gram atomic absorption
coefficient and M the molecular weight, was found to be

11.5 em™'. The optimum thickness t = 2 yas 0.17L cm.

The dimensions of the crystasls used téucollect the three
dimensional intensity dats were 0.3 mm along & axis,
0.5 mm along b axis and 0.6 mm along ¢ axis.

Three dimensional intensity data were obtained from
equi~inclination Weissenberg photogrsphs tsken with Cul
radiation for sll layer lines having inclinstion angle of
less than 30° and using the multiple film technigue.
with the crystsl rotated around ¢ sxis data were collected
for 5 layers including the zero layer snd with the crystal
rotated sround a axis for seven layers including the zero
layer., Short exposure (1% hr.) Weissenberg photographs
were taken to estimate the intensities of strong
reflexions. 247 independent reflexions were observed out
of the possible 917 within the Cu%xlimiting sphere., The
intensities were estimsted separstely for the two sets of
data visually, by comparison with intensity scsles
prepared with the same crystals using a pack of three
films,

Correction for spot extension in upper level Weissenberg
nhotozraphs

Intensities of the spots on higher layer VWeissenberg
photograrhs were estimeted from the extended spots only
end corrected for the effect of spot extension (Phillips,

1954). In these photographs, corresponding reflexions are
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extended on one side snd contracted on the other, the
degree of distortion vsrying from reflexion to reflexion.

The variation in spot area arises from the
divergence of the X-ray beam incident on the crystal.
Small elements of length in the crystal ( by supposition
that the crystal is divided into small elements of
length ) receive X-rsys at angles of incidence which
depend on their position in the crystal. All do not
reflect at the same instant but they are brought into the
reflecting position a3 the crystal is rotated and in fact
the spots on the upper level photographs grow from one
end. During the time taken to complete & reflexion in
this way the film hss moved s distance depending on the
camers constants. The reflexion spots on the film are
therefore, contracted or extended according as whether the
film motion is,in the same direction as the spot growth
or in the opposite direction.

The fractional incresase in the ares of an extended

reflexion spot is given by W = A:AA where A is the area

>

of reflexion recorded without cesmers translation,

(Phillips ,1956). When the distortions are small and

A:AA is less than gbout 1.5, the correct intensity I can

. be cslculated from the visuslly estimated intensities of
and. contvached Spolfs
extendedASpots by the relation

RIz1e

I-TETE......II.‘Y

where IE and IC are the intensities of extended and



contracted spots resrectively.
When the variation in the ares is large the correct
intensity is best obtained from the extended spots only

by the exrression

Intensitiesof 1k{ reflexions were estimated from
both the contracted snd extended spots as the extension
was small and the relation II.,1 was used to obtain the
correct intensity. For the other layers intensities were
estimated from the extended spots only and correction
obtainaed from curves of constant ¥ in reciprocal space

given by Phillips (1956) was applied.

Lorentz and volarigation factors.
The relative intensity I, on an oscillation or
Weissenberg rhotogranh is given by

I o 1+c08229 A

L2
sin 26 o

13

o+ WJII.3

where I is the integrsted intensity, ©, the Bragg angle,
F, the structure amplitude, A, the absorption factor.
¥ ig a factor thet derends on the angle of inclinstion

of the reflecting planes to the axis of rotation of the
and becomes Qz'cjéfgg 20 lajm photographs
< 1.0 -
crystsl, and sin 26 represents the Lorentsz

polarisstion (Lp) factor.
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The term 1-1-3%3——3Q is the polarisation factor
which takes into account the partial polarisation of
the reflected beam. This holds only if the incident
beam is unpolarised which is generally true for the
chsracteristic emission from an X-ray tube,

The Lorentgz factor EE%‘E@ exnresses for rotating
crystal photographs, the relative time any crystal plane
spends within the narrow angular range over which the
reflexion occurs, In terms of the reciprocal lattice
each reciprocal lattice;g;; a finite sige and as the
reciprocal lattice rotates through the sphere of reflexion
each point spends a finite time passing through the surface
of the sphere. This factor veries with the distance of the
reciprocal lattice point from the origin which in turn is
related to the angle of reflexion, If V is the angle
which the line traced out by a reciprocal lattice point
makes with the normal to the surface of the sphere of
reflexion at the point where the reciprocal lettice point.

broducl o'f, and P, aefpnea ove,ieaﬂ,
passes through the sphere, the,Lorentz factor,.LP= sec V

In terms of the cylindrical co-ordinates ‘% ‘S of

the reciprocal lattice point
LP - (%cose)“1 T ¢ 0 1

for equi-inclination Weissenbe setting. -
K 5 . and. Péu.nd\j 50 Yook

For zero layer lines %; =0 and‘g = 2 sin ©,end the
expression II,4 reduces to

I = (sin2e )”!
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3ince the polsrisstion and Lorentz factors are

both functions of @ they are combined in the form

cos ©
1+c08~26
Lp factor corrections were obtained from curves of
constant § gos 9 in reciprocal space. (Cochran,1948).
1+cos“26

For the higher layer reflexions the height %5 of the
layer was also token into account.

The intensities ( after correction for Lp factor)
from different photographs were brought to the same scale

by comparing the intensities of common reflexions.

Temperature factor and scale factor

The relstive intensities were put on an sbsolute
Scale and the overall temperature factor B was determined
by VWilson's (1942) statistical method. The reflexions
were divided into groups lying between certsain values
of sinze. The mean value of the observed intensities
€Iy (a gn_; where 21 denotes the sum of intensities
in a certain range snd n, the number of reflexions in thst
range) was evslusted over each range. The constant c
which makes the averaze equal to Efﬁ i.e. C = —%— Wos
found. EEﬁ is the sum of scattering factors of atoms
(at rest), the sum-ation being done over all the atoms
in the unit cell. Mcieeny's (1951) values of scattering
factors were uued Log U was plotted against the mesn
value of %—9 for each range: The slove of the line
drewn through the plotted points gives the value of 2B.

The intercept at sin = O gives the value of loogecO and
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hence Co’ the scale factor.

2
The sraphs of log,C azainst S0 for nko, hk1,
hk2 and okl reflexions are shown in figuresII-1 and
fig.ITI.2 and the corresnonding data are given in table

11.1

TABLE. II.1

Determination of temperature factor and scsle factor
of the hko reflexions

sin @  sin‘e  =fZ Iy oo 2__5?3 log,C
22 <I7

0.2-0.4  0.038  420.9 11.0 37.95 3.636

- 0.4-0.5 0.085 223.9 2.6L  8L.80 L. LLO

0.5-0.6 0.127 162,2 3.29  49.33 3.899

0.6-0.7 0.178 116.4 1.09 106.6 L.670

From the graph,scale factor = 5.6 (for L molecules
in helf unit cell);

Determination of scale factor and temperature factor
for hk1t1 reflexions

sin @ 81;29 =£2 Iy . %f_; log,C
0.2-0.3  0.026 1331.2  &.118 16L.0 5.100
0.3-0.L  0.052  882.L  4.00 220.6 5.396
0.4-0.5  0.085  LL7.8  1.909 234.6 5,458
0.5-0.6  0.127  32h.b  1.717 188.9 5,211
0.6-0.7  0.178  232.8  1.053 221.1 5,399

From the graph,2B = 3.682; scale factor, 12,2
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Deternination of scale factor and temperature factor
for okl reflexions

Sin © sin’e =12 <I) Cz?ifg 1oz, C
- A2 <I> '
0.2-0.3 0.026  1331.2  7.33 181.6  5.2017
0.3-0.4 0.052  882.4  5.23 168.8  5.1288
0.4-0.5 0.085  A47.8  3.275  136.8  4.9186
0.5-0.6 0.127 3244 1.954  166.0  5.1120
0.6-0.7 0.178  232.8  1.50 155.2  5.0448

From the graph 2B = 1.832; scale factor = 11.6

3cale factor and temperature factor for hk2

reflexions
2
sin &  sine £’ Iy Zh e c
X2 {1y
C.3-0.4 C.052 g82.4 3.27 269.9 5.598
0.&‘005 0.085 hb?os 2.14'69 181-3 50200
0.6"0.7 00178 232.8 0.633 367.8 5.908

From the graph 2B = 3,282; scale factor = 13.5
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Scale factor snd temperature factor for hko
reflexions using Fn and Fc

sin ©  sin’e SF_  %F 6e 20 log C

—3:5- o c Ekc e
0.2-0.3  0.026 263 276 0.953  -0.0k72
0.3-0.4  0.052 207 222 0.933 -0.0694
0.4-0.5 0.085 177 182 0.973 ~0.0274
0.5-0.6 0.127 164 150 1.093 0.0891
0.6-0.7  0.178 168 157 .07 0.0677
0.7-0.86  0.237 13 12 1.083 0.0799

From the grsph AB = -1.OK2; Scale factor = 1.1

For the remsining reflexions (hk3, hkkL etc. ) a
temperature factor of 1.282 was used. The temperature
factor for hko reflexions wss revised durgng the later
stages of refinement using observed snd calculated
structure factors by Wilson's method. The Wilson's
greph is shown in figure II.2. The revised B value wsas
2,482, At each stage of refinement the observed

SF
structure factors were scaled by a factor given by ijéz'
0

Determination of sSpace group

The systematic absences determined from the gzero
layer and higher layer Weissenberg photographs were the
following:

hkl - Mo systematic absences

hoo - absent for h odd
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oko - absent for k odd
ool - absent for 1 odd
hko - absent for h odd
okl - absent for k odd
hol - absent for 1 odd.

These systematic absences established the space

group as Pbea.
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CHAPTZR-TIIT

Patterson projections, Harker Sections snd Preliminsry
Structure Determination of f-Alsanine.

The vector representation of crystal structure was
p{xt forward by A.L.Patterson (1934) to overcome the
difficulty of the lack of knowledge of relative phsses
of structure factors in summing up the Fourier Series of
electron density.

A function FP(uvw) was defined by

Pluvw) = j1 i 1F(xyz)/0(x+u, y+v, z+w)dx dy dg  III.1
000

where p (xyz) and p(x+u, y+v, z+w) are the electron
densities at (x,y,z) and (x+u, y+v, z+w) resrectively;

X, ¥, 2 and x+u, y+v, z+W are fractional coordinates and
V is the volume of the unit cell. If the two functions

F (xyz) and £ (x+u, y+v, z+w) sre expanded in terms of

the corresponding Fourier series

ID(xyz) = % zi_g;F(hkl) exp -Zﬂ.i(hx+ky+lz)}

and

©0 ? ’ L4 ’ ¢ ’
P(x+u,y+v,z+w) = % ZZOZOF(h k1 )exp j~2ri(h 'x+k ‘y+1 z)}
Xexp {— ani (Wt + KU+ L'W)}
and integration effected in (III.1), then

L6l y
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Puvw) = %ziz:]z«“(hkl)] ? exp {-Zri(hu'rkv*-lw)} I1I.2

Collecting togethe} the coefficients in pairs hkl
and hkl in the equation IIT,2,

Pluvw) = % 37Z|F(hk1) ] exp {-2ni(hu+kv+lw)}
+ ]F(ﬁﬁi)( * exp{2ri(hu+kv+lw)}

- $23Z|F(nk1)] ? [xp {21'1 hu+kv+1w)}
+ pxn{?vi(huﬂ{wlw)}]

since
]F(hkl)]z |P(RkD)| 2
Therefore

Pluvw) = EZZJF hkl)l2 2r (hu+kv+lw) III.3

The product of thefelectron densities in the
expression (III.1) is in general gzero unless u, v and w
represent vector distances between two atoms. The
Patterson summation will be finite only for values of
u, v, w that represent vectors joining two atoms, The
Patterson map has a large peak at the origin due to the
overlsp of several maxima, each meximum appearing owing
to the interaction of any atom of the unit cell with
itself. The other peaks in the Pattersom map occur at
distsnces from the origin equal to the vector distances

between different pairs of atoms in the crystal.
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The two dimensionsl Patterson Series can be used
to solve a structure fairly directly when the crystal
contains a relatively small number of heavy stoms in the
unit cell along with lighter atoms. The Patterson peaks
due to the heavy stoms then stand out against a background
of overlapping smaller peaks and give immedisztely the
coordinstes of these atoms. The remaining stoms csan then
be located by direct Fourier methods., However, when the
crystal consists of atoms of nesrly the same atomic
number, the Patterson peaks are broad due to the over-
lapping of many mexims of nearly equal height and as such
their interpretation becomes very difficult.

The Patterson function in s two dimensionsl

projection is given by

F(uvo) =% ZZfF(hKO)?z cos2r (hu+kv) IIT.4

where A is the srea of the projection.

In the case of B-Alanine the two Patterson
projections P(uvo) end P(ovw) were obtained from the hko
and okl intensities with the help of von Eller

photosomnma teur,

Von Eller Photosommateur

The computstion of electron densities and Patterson
functions is excessively lsborious in three dimensions

and sufficiently lengthy even in two dimensions. Since



;

il

|

Fig. M -1. Schematic diagram of von Eller Photosommateur
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the process of Fourier summation is essentially the
adding of sets of fringes, W.L.Brage (1929a), suggested
that for two dimensions the process could be carried out
photographically by projecting these fringes on to s
photographic plate with an exposure proportional to the
Fourier coefficients modulus of structure factors in the
case of electron density maps and squares of modulus of
structure factors in the case of Patterson maps. Huggins
(194L) improved the technique by using sets of masks on

a 35 mm., film on the basis of a square unit cell. von
Eller (1955) designed an elegant modification of the
Bragg-Huggins technique. In the Eller photosommateur
schematically drawn in fig.III-1, the slit source of
lightflis parallel to the fringes on the grating{@ The
shadow of the fringes on the photographic plate@konsists
of & wave of dark snd bright regions. The wave length of
the wave can be adjusted by moving the grating towards or
away from the source of light. When the cross wires on
the rotating circle coincide with the origin of the
reciprocal lattice pasted on the rotating circle, the
grating touches the slit source of light. When the
intersection of the crosswires is moved to, say, 100
reciprocal lattice point through s distance x, the grating
moves away from the slit source by & distance kx
{proportional to x)} and the wave length of the fringes

on the photographic plate is related to x by



Fig.III-2 (001) Patterson projection
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where n is the wavelength of fringes on the grating and
D is the distance between the source of light and the
photographic plate. As k, n and D are constants /o ér
X on the reciprocal lattice is equal to ﬁL where

A is the wave length of x reys and d is the spacing of
100 plenes. This means /Ao d.To obtain the correct
slopes of fringes corresponding to the different combi
nations of h and k the different reciprocal lattice points
are brought into coincidence with the cross wires. The
required value of |[F(hko)l % or \F(hko)] as the csse may
be, is obteined by varying the exposure time. The phases
of the structure factors can be altered by the lateval
movement of the grating by means of a knob(4)When all the
reflexions are exposed under these conditions the result
is an optical summation of the Fourier Series.

The two Patterson projections of B—alaniggj%?gﬁges
II1.2 and III.3. A suitable trial structure could not
be postulated from these projections, However from the
final structure (described in chapter IV) the various
peaks could be identified in P(uvo). The structure
projected slong c axis was plotted on the same scale as
that of P(uvo). The Patterson peaks srising from the
various inter-atomic interactions were plotted on a
tracing paper for a quarter of the unit cell. From
figure III-2 the similarity between observed and
calculated Patterson maps can be seen.

The determinat:un of a suitable trisl s.’ructure of

f-Alenine was done from the Harker lines P(uo), P(ov$)
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and P(%ow) and with the help of line Fourier Syntheses.

Harker Sections and Harker lines

The complete evaluation of the three dimensional
Potterson distribution P(uvw) requires excessive labour
but Harker (1936) pointed out thsét in crystals with certain
symmetry elements information about atomic coordinates
may sometimes be obteined from certain lines and planes,
An example of this is found in a crystal having c-glide
plane of symmetry perpendiculsr to b axis, Taking the
origin on the glide plane, the equivslent points related
by this glide have co-ordinates x, y, z and x, ¥, %+z.
The peaks in the P(uvw) distribution corresponding to the
distance Between these two atoms have coordinates + (o, 2y,
-%). The peaks corresponding to atoms related by the
¢ glide plane thus all lie on the line P{o,v,%) of the
Patterson map.

For the line u=0, w=% the Patterson function P(uvw)

reduces to
: 0, 2
P(o,v,3) = iz_%\lr(hkl)} cos2r (kv+3)

- E%z(-ﬂ"ll?(hkl)]z}cos%kv . . . IIL.5

The line P(ovz) known as Herker Line can be computed
easily with the observed intensities {F(hkl)[z. The
peaks in the P(ov3) give the y coordinates of the atoms,
Similsrly expressions can be derived for other symmetry

elements like 2 fold screw axes, mirror planes etc.



FIG-ITI-4- Symmetry elements for the space group Pbca and the equivalent positions:
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The symmetry elements for the space group Pbca are
drawn in Fig JITI-4. The plasne group in &ll the projections
is pgm. There are eight molecules of f-Alanine in & unit
cell and the space group Pbes has & equivalent points. The
asymmetric unit therefore consists of one molecule. Taking

the origin at the centre of symmetry, the coordinates of
i Hons
the equivalent %Sigé& are

X,¥,23 é*x’é“y’i; *;%+Y7§‘z; é—x,?,%+z.

X,¥,%, %Tx’%+Y)Z; x,%-y,§+z; %*X’Yai'z'

The three glide planes are situated at (%yz), (x%z)
and (xy%) and the three 21 screw axes at (x&o), (oy%) and
(&oz) respectively.

The Patterson function P(uvw) will have pecks at
(-2x, &, %-2z) due to the interaction between atoms at
(xyz) and (X, 2+y, %#-2) related by 21 screw axis parallel
to b, A section through the three dimensional Patterson

function in the plane y = % is given by
1 3 ok 2
Pluw) = g %i-m{“” ]F(hkl)\]coszv(hu-rlw) II1.6

Such & section is called the Harker Section.
Similsrly Harker sections in the planes Xx=% and gz=% are

given by the expressions

P(dvw) = % if;_ﬂ°€;4£-1) IF(hkl)leos2ﬂ(kv+1w) b0 45

0 Qo
Pluve) = % -%ﬁ;_qi§=4g-1)l§F(hkl)[éﬁos?v(hu+kv) 1I1.8



Fig.III-5 The Harker Section P(u v})




Fig. III-6 The Harker Section P(uiw)




Fig.III~7 The Harker Section P(3vw)
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To obtain the Harker Sections given by equations
III.6, III.7 and III.8 all the observed hkl intensities
were used, giving half weight to hko, okl, and hol
intensities and quarter weight to those of hoo, oko, and
ool reflexions. The weighting was done to account for
the summation over h, k and 1 from - to +o . 1In every
case the observed intensities were summed over one index
contained within flower brackets in the equations III.6,
ITI.7 and I1I.,8. These were then arranged in tabulsr
form to sum over the other two indices. The reciprocal
lattices drawn for the three projections were used for
optical summation of the three sections, The summation of
the Harker Section was then cerried out by the photo-~
sommateur using 2(-1)h\F(hkl)\2, 2(-1)k\F(hkln 2 snd

#(=1) 1 [F(nk1)) 2 a8 the Fourier coefficients for the three
sections resnectively.

The three Harker Sections P(uv#), P(udw) and P(dvw)
are shown in figures III-5, III-6 and III-7 respectively.
These could not be interpreted easily due to the
occurrence of non Harker pesks i.e. incidental peaks
corresponding to vectors between stoms not related by
symmetry. However the molecule plotted with the final
atomic parameters obtained by least squares method
(chapter IV) is drewn on the ssme scale as in the Hsrker
Section P(uvs#) in figure III-5; the peaks could be
explsined from this molecule.

In addition to the pesks mentioned above the

Patterson distribution P(uvw) will have pesks at
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(#-2x, %, o) due to the interaction between atoms at
(x,y,2z) and (%-x, #+y, 2z) related by b glide. The
appropriate Harker section is therefore the line u,#,o0

given by the expression
' s k 2
P(uto) = YB{E Es_m(-ﬂ | F(hkl)| }coszrhx

Similarly peaks are expected at (0, #-2y, %) in
the line P(ovi) due to interaction between atoms related
by ¢ glide and at (%, O, #-22) in the line P(#ow) due to
vector between atoms related by a glide. These two

Harker lines are given by

P(ovd) = %%%Xl (-1)l F(hkl) 2§c032vky

and
P(#ow) = ilil;zh (=1)P |F(hk1) z}coshlx.

These Harker lines are present in t.e Harker
sections discussed above. These Harker lines were
computed with the hkl intensities giving half weight to
hko, okl and hol intensities and quarter weight to those
of hoo, oko and ool reflexions, For the line P(uso)
the Fourier coefficients are %'%:(-1)k|F(hkl)\2. These
were obtsined by summing the weighted hkl intensities
over all k's. These were then tabulated to sum over
all 1's.

Similarly the coefficients for the Harker lines
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P(ov:) and P(fow) were obtained., The summation was done
using Beevers and Lipson strips at intervals of 6°, The
three Harker lines are shown in figures III.8, III.10
and III.12. Contours of P(ufo) etc. are drawn et egusel
&g&evu&fglaf an arbitrary scale,

Trisl structure:

The presence of cleavage psrallel to (010) and the
fact that o the smallest refractive index is parallel to
b (McCrone and KRe Jr. 1950) indicated that the hydrogen
bonded molecules are likely to be arranged in layers
parallel to (010).

In the Harker line P(ov#) shown in figure III.8,
there are two independent peaks at v = 0.183 and 0,322
respectively. This suggested that the stoms in the
molecules lie in two groups, one of them giving rise to
the peak st 0.183 and the other st 0.322. As the peak
at 0.322 is larger thsn the peak at 0,183, more atoms
were assumed st 0,322. The planes 020; OLO; 060; 080;
0,10,0; 0,12,0; and 0,16,0 were drawn on this Harker line
using a proper scale. By inspection of the contributions
of different stoms to these planes signs were assigned
to the structure factors as follows: F(020)+ve,
F(0LO)-ve, F(060)-ve, F(080)-ve, F(0,10,0)+ve,
F(0,12,0)+ve and F(0,16,0)-ve. The line Fourier ployo)
was plotted with these signs and observed values of F(oko).
The summation was done using Beevers and Lipson strips,

In the p(oyo) line (Figure III-0) there are two peaks
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‘at y = 0.089 and 0.158. From the areas under the pesks
wireh were im the xatie 244 and vhe rotie of ateomis
rumberg it was assumed that the larger pezk corresponds

to four atoms 02, C3, 0, end O2 (for numbering of atoms

1
see figure III-11) and the smaller to Nitrogen and C1.
This explained the two peaks at 0.183 snd st 0.322 in the
line P(ov$). The F(oko) were recaslculated with the
coordinates of C,, 03, O, and 0, at 0.089 and I and C1
at 0.158. After two successive line (FO-FC) syntheses
N and C were separated to 0.153 and 0.162 respectively,
As the four atoms at 0.089 were lying in deep negative
region in the second (FO-FC) line synthesis two stoms
(one oxygen and one carbon) were shifted to 0.075 and the
other two to 0.108. With these coordinates F(oko) gave a
relisbility index E given by
_HiF g - ulF ]

of 0.18.
ZIFOI

The agreement for hko structure factors could not, however,
be improved with these y coordinates. Hence the atoms
were interchanged later to fit & proper moleculsr
orientation. The complete structure anslysis (chapter 1IV)
shows thot the wesker pesk in P(ovs) corresponds to two
methylene carbons and the stronger peak is due to carboxyl
group and amino nitrogen.

From the expected bond lengths and bond angles and
with the help of approximate y coordinates, a model of
the molecule was made in (001) projection, The x
coordinates for this orientation were those which

explained the four pesks A, B, C and D in the P(u,#$,0)
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Harker line (Fig.III.10). The four pesks A, B, C and D
are at u = 0, 0.230, 0.332 and 0.50 respectively. The

X coordinstes obtained from this Harker line were

At om b B-2x
) 0.260 0.02
C1 0.142 0.216
C2 0.076 0.34L
03 0.085 0.33
O1 -0.01 0.48
O2 0.215 0.07

It is seen thet atoms Nitrogen snd O2 fall at the
origin pesk, the pesk B corresponds to C1, C corresponds b
carbons 02 and C3 and the pesk D at 0.5 to 01. Here
again, with these x coordinates the agreement for hko
structure factors could not be improved. After a few
trials and with the help of a few (Fo-Fc) line syntheses
along x, the x coordinstes of all stoms were changed to
N = .408, C, = 0.L0k, C, = 0,270, C3 = 0.140, 0, = 0.01,
0, = 0.170. The expected peaks in the Harker line with
these coordinates are marked by crosses in the fig,III,10.

The hko structure factors were calculated with these
values of x and y parameters and scattering factors
corrected for B = 3.4K2, The signs obtained from this
calculation were used to take a Fourier map with the Eller

photosommateur. The Fourier mep showed that the molecular _
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FIG- IIT -11 Two probable orientations of P-Alanine molecule



G.-0

0

G0
T

2i~M 914

G2-0

M0 $d




& g =

geometry was nesrly correct but the whole molecule had

to be shifted upwards along the x axis. The F(hko) were
recalculated with the new values of x-coordinates without
changing the y parameters. A second Fourier synthesis
obtesined with the revised signs showed the possibility of
two orientstions for the molecule &s drawn in Fig, III.11.
The coordinates obtained from the orientation drawn in
full line gave K value of 0.37 while for the orientation
drawn in broken lines there were large discrepancies in
structure factors. From the orientstion which gave R
value of 0,37 the four pesks in the P(u,2,0) Harker line
could be explained thus: The peak A corresponds to carbons
(x,y,z and #-x,¥,%4+2z) and Nitrogens (x,y,z and #-x,¥,3+z),
B end C are due to oxygen (%,¥,%Z) and carbon (x,y,z)
respectively and D corresponds to oxygens (x,y,2) and
(X,¥,2) (Figure V-2).

The Harker line ?(gow) (Figure III.12) was used to
fix the trial in (100) projection. In this line there
sre two peaks st w = 0 and 0.5. These pesks represent the
coordinastes %, O, #-2z. Hence for the peak at w = 0,

4-22 = 0 or z = 0.25 and for the peak at 0.5, #-2z = 0.5
i.e. z = 0. A model of the molecule was drawn with the
help of the known y-coordinates from the (001) projection
and relative z-coordinstes (taking z for nitrogen atom ss
zero) of atoms. The relative z-coordinates were obtained
assuming expected bond lengths and bond angles in the
molecule i.e. C,-N = 1.50K, C,-C, and C,-Cy = 1.545%,

(o

-0 and C43-C, = 1.25K, the angles at Cy 120°; and the

3
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angles N-C1-C2 and C1-CZ~C3 110°. The molecule was drawn
on the same scale as P(#vw) section and superposed on
P(#ow) line. The molecule wss then shifted until z of 0,
was approximetely 0,25 and z values of other atoms nearly
zero, Thus the peak 8t w = 0 corresponds to oxygen 02 at
x,v,z and #$+x, y, %-z and that at 0.5 corresponds to the

other five atoms at x y z and %,7,%2 (Figure V-3).
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CHAPTER-IV

Electron density projections and refinement of
F-Alanine structure.

The structure factor is given by the expression

N .

F = ;E1 fnexﬁ%ri(hxn+kyn+lzn{§ e o . V.1
where fn is the scattering factor of the atom at X s Yprtn
are 3, and the summation extends over all atoms of the
unit cell., For purposes of calculation the structure
factor is divided into real and imaginary parts, thus

F = A + iB where

N

A A§1 £ co Zw(hxn*kyn+lzn) ... Iv,2
and
N
B = nz;1 f sin2r (hx +ky +lz ) e IV.3

For the space group Pbca these expressions simplify to
A = 8f cos2v(hx—gi&)cos?r(ky-ﬁi%):osZw(lz- lﬁh)

B=20

The structure factor formulase fall into four

classes. They are
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A = &fcos2rhx cos2nky cos2mlz « .« IV.4
for H+k=2n, k+1=2n

A = -8fcos2rhx sin2rky sin2rlz « « =« 1IV.5
for h+k=2n, k+l=2n+1

A = -8fsin2rhx cos2rky sin2rlsz . . . IV,6
for h+k=2n+1, k+l=2n
* = -8fsin2rhx sin2rky cos2rlz e .. IV.7

for h+k=2n+1, k+l=2n+1

1001) Projection
The F(hko)'s were cslculated according to the

expressions
N/g
F(hko) = 8 3 f cos2rhxcos2rky
n=1
for reflexions h+k = 2n
and
N
= -8 5 f _sin2rhxsin2rky
n=1 0

for reflexions h+k = 2n+1

with the atomic coordinstes obtained from Harker lines

The Summadion is taken -fov all the aloms tn the ‘.\st’mm:hi:uni)‘.
(Chapter IIT).z In the calculation of structure factors
McWeeny's (1951) values of the scattering factors for

carbon, nitrogen snd oxygen were used. ®ie scititering
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Pactors for eawvbon, ritrogem #nd oxyesm were used. The
scattering factors were corrected for temperature factor

according to the relation
2
- _p 8in"e
i_foexp( B 7\2 )

where f is the scattering factor to be used in practice,
f,,the scattering factor for the atom &t rest and B is
the temperature factor. The value of B obtained from
Wilson's graph was 3.4 82, The modified Scattering factors
were plotted agsinst sin® for different types of stoms and
the f values for sll reflexions were read from the graph,
The reliability index R given by
SUF - 2iF i

3IF,

wherelFo) and |F | are the moduli of the observed and
calculated structure factors, was 0.37. With the revised
8igns a Fourier synthesis was carried out by Eller

rhotosomnateur,

(001) Electron density projection

The Fourier series in the (001) projection is given

by the expression

(xyo)-l F(ooo)+2§F1hoo)cosZrhx+2?E%oko)costky
f I

o o
o p+k=2n posltk=2n+1
+bé:ZF (hko) cos2rhxcos2rky- hzzflhko)sinzwhxsin2rkf
00 0o

*% {? °°°)+§Z:F(hoo)cos?whx*éiF(oko)cos?wky
o N+k=2n w k=2n+1

&0
+$ T F(hko) cos2rkycos2rhx-3 2. F (hko)sinzwhxsinzrkj .....
o o o 0
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The (001) electron density projection shown in
figure IV-1 was computed using the final calculsted signs
and »bserved values of s tructure factors for all except
OLO for which the final calculated vslue was used.
Reflexion OLO sppears to be subject to extinction. The
summatiin of the series in equation IV.8 was done by using
Beevers and Lipson strips st intervals of 6°. The contours
(fig.IV.1) are drawn st intervals of 1 electron per 22

starting from 2e/R2.

Difference syntheses by Eller photosommateur
First three refinements were done by difference
Fourier syntheses (discussed in chapter VI) obtsined with
the help of von Eller photosmmateur described in chapter
III. (Fo—Fc) values with the corresponding phases were
written on the a* b* reciprocal lsttice. The ggg?gggé;f“mavvh ,
*i%gﬁéfbe points were then exnosed t= the ssurce of light
with-exposures pronortional to (FO-FC) values, Shifts in
the atomic coordinates were approximate denending on the
blackness or whiteness st the atomic position on the
difference map., The shifts obtained from the first
difference map gsve an E vslue of 0.29 for 56 hko reflexions
including unobserved ones &t half the minimum observable
value but excluding O4LO as it appeared to suffer from
extinction effect, After two further difference syntheses
the I factor wes 0.215. Further refinements were done by

the least squares method.



-35-

(100) vrojection

The structure factor for (100) projection is given
by the expression
NR

F(okl) =37 [ cos2rkycos2rlz  for k+f=2n
n=1

and

N
F(okl) = =87 fsin2rkysin2rlz  for  k+g=2n+1
n=1

wheve N ts the mumber 0; atoms (n o mlecule

The final y-coordinates from the (001) projection
and the z-coordinstes obtained from the Harker line P(#ow)
were used to cslculate F(okl). The z coordinates are

listed below

Atom zlc
N -0.045
c, 0.0
c, -0.108
Cy 0.057
0, -0.05
0, 0.232

A temperature factor of 0.9X2, obtained from Wilson's
graph, was used throughout the course of refinement. The
agreement index R for 42 reflexions including unobserved
ones at half the minimum observsble value was 0,30.

Reflexions 002 and 040 were left out of 2ll calculations



ol
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2s they suffer from extinction effect.

(100) electron density nrojection

The electron density in (100) projection is given

by the expression

F . oo oS}
Ployz) = %,ELQ%QI + % % F(oko)cos2rky+# = F(ool)cos2rlz
- L o 6
o kt2=2n o k+1=2n+1 .
+3 5 F(okl) cos2rkycos2nlz - zng(okl)sinkaysinZ’leJ
0 0 oo

The (100} electron density projection shown in figure
IV-2 was computed using final cslculsted signs and observed
values of structure factors for a8ll except 002 and OLO for
which the finsl colculated values were used. The summation
was done using Beevers-Lipson strips at intervels of 6°,
The intervals of division are 60 parts slong b/2 and 15
parts slong c¢/k. The contours in fig.IV.2 are drswn at
intervsls of 1le.Ak? starting from 2e 72,

A few cycles of refinement were done by difference
syntheses with the help of opticsl synthesiser. At the end
of refinements by difference syntheses the R factor wsas
C.18L. A further refinement was done by the method of least

squares discussed in the next section.

Refinement of atomic coordinstes by the least square method

In the earlier stages of structure determination by
Fourier Syntheses small adjustments of the parameters are
chosen in such a way as to improve as many of the

outstanding discrepancies in structure factors as possible
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and F's are recalculated. The process is repeated until
the best possible apgreement between the observed and
calculsted structure factors is thousht to have been
obtained. Howeven to make all possible combinstions of
small displacements in a multiparameter structure and show
that the sgreement is best for the parameters proposed
would be an impossible task. Under such circumstances the
method of least squares is made use of. (Kughes 1941).

If the errgs in the measured F 's follow the
Gaussiagn Law, then the best atomic parameters sre those

which result in @ minimisstion of the quantity.

0" ) : 2 -
Ro= 2 winkd) [IFo(nied)] - IF (nia)] . . IV.10

where w(hkl) is a weighting factor and the sum is taken
over all terms which lie within the limiting srhere.

"tomic parameters on which R depends include not only
atomic coordinstes but all quantities which influence the
value of Fc's such 8#s temperature factor. Presently only
the changes in atomic coordinates are considered. When the
value of E is close to its minimum, systematic minimisation

can be brought about.
th

A small change ax, in the x-coordinate of the n atom
oF
of a structure changes Fc by an amount —;;5 /xxn.
'n

Changes to all coordinates simultaneously result in a

change in Fc of the amount

N [F oF 3F . —
AF = d§1és;§vAxn + :;i Ay + E;i A%E) e IV
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The correct values of X, etc. 2re those which most
nearly equate AFC to FO-FC for all the equations of this
type that can be set up corresronding to all the measured
values of Fo's .

fultiplying both sides of the equation

BFC

Aﬁc = FO-FC by w g;;

and adding all the equations, we have

. Aok 2 oF oF ar  of oF ¢F
w(*XC\an+ axc D . yn+ X \zcézn*ﬁlox (cchxm
. n °¥n n “Zn m“ n “Tn "
oF oF
o c - 5 _ c
oy azmAZQﬁ %ﬁw(Fo F )\x - . IVe12

where Y denotes the sum over all other atoms except the
th ™
n.

If the atoms sare well resolved from one another the
- oF_, dF
c

quantities such as / w—= —< are very small compared
. OF i Ty g

to ?.w :;9 and hence can be neglected. If the sxes are
v n OF, oF¢

R ;;? etc. can s8lso be

neglected so that the exnression (IV.12) reduces to

orthogonal or nearly so, Tw
-

. F 2 or
T (e - F -F )—E
A% a}w(axn> zzw(ko Fie=t . . IV.13

Expression IV.13 was used to calculate the shifts

in atomic coordinates of f-Alanine.
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(001) Projection

The structure factor F(hko) is given by
F(hko) = v 8f cos2rhxcos2rky for h+k even and
F(hko) = = 78f sin2rhxsin2rky for h+k = 2n+1.

Differentisting with resnect to X,

o F
2 = ar cos2rkynsin2wkxn.2wh for h+k = 2n

=

and

3F .
5 = gr cos2whxnsin2wkjn.2wh. for h+k = 2n+1,

]

oF
Substituting these values of 3;9 in the relstion

Iv.13

k-?n
Z(FO-FC)8f.h.sin2rhxnc032wkyn
332n+1
1 + }<(QD-E3)8f.h.coa2vhxnsin2vkyn -
AX = - = T
H T k=2n k=2n+1

Z(Bf.h.sinthxncOSZkan)2+51(8f.h.cos2ﬂhxnsin2?kyn)2

AX for the atoms N C1, 02 and O1 were found out by

’
means of the equation IV,14. 3imilarly sn expression was

derived for AYn

k=2n
ZKFO-FC)Sf.h.cos2rhxnsin2vkyn
k=2n+1
1 + ji(Fo-Fc)8f.h.sin2whxnc032rkyn
AY = = =
n 2% k=2n k=2n+1

7(8f.h.c052whxnsin2wkyn)2+5f(8f.h.cos2kansin2vkxn)2
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For the atoms 03 and 02 for which the quantity

oF oF
S}g 3;9 could not be neglected when compared with
c, “%o
3 2
- C‘Fc 2 ‘/(:’FC\z
P({S?'ﬁ or Ji{ === ) the simultaneous eoustions
3 s
SF o F )
J\) CaF - - ——S
AXCZ(axc + AX 55_"—0.5_’: = 7F =F ) =%
3 2 3 k.
and
3F . oF R F
. SE (2] 5 "‘,F = S(F -F C
Axc;axc ox +Axoi‘3§g) 2(ro‘c) xo
3 2 : 0, 2
were used to obtain Ax. and Ax_ and simiark P S Al
¢y 0y

The shifts in atomic coordinstes from the first least
squares refinement gave @ value for R of 0.204. At this
stage the temperature factor was revised using observed and
calculated structure factors by Wilson's method (Chapter II).
The revised B value obtained from the graph of logei%;i
g;gfﬁ was 2,482

AR

revised B value and gave an R value of 0.188. Two further

. The g:'s were recalculated with the

cycles of least squares refinement were carried out at the
end of which R was 0.169. The x and y parameters at the

verious stages of refinement asre listed in Table IV.1.
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00 rojection
y-coordinate was not refined from this projection,
One least squares refinement was carried out for the

z coordinate. The corrections az were obtained by the

expression

F
J(F -F ) —£
(o] cC 2¢2
AZ = . i IV.15
SF 2
—t
2k T
NS
Fc = ;11 8f cos2nky cos2rlz for k+l=2n, and
N
= -y 8f sin2rky sin2wlz for k+l=2n+1
n=1
Hence
?F

5= 8f cos2rky sin2rlz.2rl for k+1=2n and

?;E = - 8f sin2rky cos2rlz.?rl for k+l=2n+1.

F
Substituting for SEE in the expression IV,15

1=2n
E(FO-FC)Sf.l.cos2vkysin2vlz
1=2n+1
+ i.(FO-FC)Bf.l.sinZwkchSZwlz
1
AZ = =,
Zx 1=2n 1=2n+1

¥(8f.1.cos2nkysin2rlz)?+ ¥ (8f.1.sin2rkycos2nlz)>?
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The shifts in z from this refinement did not show
any further improvement in the R factor. However these
z coordinates were used for the finel refinement using the

general reflexions. The z-coordinates are

Atom z/c

] - 0.0L46
C1 0.0114
02 - 0.0827
03 0.0766
O1 - 0.0134
02 0.2285

As the atom 0, (2=0.2285) lies close to the a-glide
plane it wss not possible to distinguish with certainty
between O0,(xyz) and 02(%+x, y, #-z) from (100) projection
from bond length considerations. This point was settled
by the calculstion of a few genersl structure factors,
The z parameter of 02 was taken as 0.2715 for further

calculations.

Lesst squares refinement using the general reflexions

The atomic coordinstes obtained from (001} and (100)
projections were used to calculate F(hkl). The formulae
used for structure factor calculation are those given by
the expressions IV.4, IV.5, IV.6 and IV.7. The observed
structure factors for the data along the two axes were

scaled separately with the Fc' For okl reflexions which
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are common with the reflexions of the type hko, hk1, hk2
etc. (e.g. oko, ok1, ok2) a B value of 0.942 was used.

The two series of Fob values were tabulated slong with Fc.
For 148 common reflexions the average of the two Fob was
taken to find the R factor. The R factor for 302 structure
factors including unobserved ones at half the minimum
observable value was 0.177. The agreement index (ZaF/xF)
between 148 common Fp wes 0.166.

A least squares refinement was carried out with the
general reflexions after giving half weight to all (FO-FC)
values sbove & of whicﬁtsgfe thirteen.

The corrections to the atomic coordinstes were
obtained using the equation (IV.13) for ax snd similar ones
for ay snd Az.

%;9 for the general reflexions fall into four clascses
which are derived by partial differentiation of the
equations IV.4, IV,5, IV.6 and IV.7.

The four classes are

?F
14 5§9 = - 8f sin2rhx cos2rky cos2rlz 2rh.(A)
for h+k=2n, k+l=2n

oF
2. 5;9 = 8f sin2rhx sin2rky sin2vlz.2rh (B)

for h+k=2n, k+1=2n+1.

?F
3. 3;9 = - 8f cos2rhx cos2rky sin2rlz.2rh.(C)

for h+k=2n+1, k+1=2n;

L. 322 = - 8f cos2rhx sin2rky cos2rlz.2rh.(D)

for h+k=2n+1, k+1=2n+1.
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oF
Substituting for 5;5 in the expression IV.13

h+k=2n h+k=2n h+k=2n+1 h+k=2n+1
h+k=2n k+1l=2n+1 k+l=2n k+1l=2n+1
1 z(Fo FC)A zibo FC)B + }jFo Fc)c + Z(F° FC)D
AX = = 5;
h+k=2n h+k=2n h+k=2n+1 h+k=2n+1
k+1=2n k+1l=2n+1 k+1=2n k+1l=2n+1

2 o+ Zm? o+ 302 + T2

cFe
ax

where A, B, C and D represent the four classes of
derived sbove.

Similar expressions were derived for a2y andaz. All
the calculations were done using & desk celculsting machine.
The maximum shift in atomic coordinates was sbout 0.03% .
The reliability index after the refinement was 0.156 for
302 reflexions. The final atomic parameters are listed in

Table IV.3 with their estimated standard deviations

TABLE 1IV,3

Final atomic parameters and their estimated
standard deviations.

x/a y/b z/c
N 0.2955+0.0006 0.0663+0.0004 - 0.0450+0.0010
C, 0.2318+0.0007 0.1595+0.0005 0.0120+0.0012
C, 0.0850+0.0007 0.1601+0.0005 - 0.0796+0.0012
Cy =-0.0214+0.0007 0.1107+0.0005 0.0717+0.0012
01 -0.1393+0.0005 0.0960+0 .0004 - 0.0156+0.0009
0, 0.017420.0005 0.0851+0.000k 0.2655+0.,0009
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Estimation of standard deviations

The sgreement between the calculated and observed
structure factors, so far taken as the reliability index,
is to some extent & messure of the accuracy of the final
results, Prover assessment of the accuracy of a structure
determination, however, is the evalustion of the standard
deviations of atomic coordinstes, bond lengths and bond
angles.

For a centro-symmetricasl three dimensional synthesis
the standsrd deviation U(Xn), of an stomic coordinate X,

is given by (Lipson and Cochran, 1953)

. f N

1 2
olx ) = %) 2 Z7)
8 V2 Zn 2p ( v n=1 n
o°(F_)
where K = T?QT is taken equal to the final value of R,
(o)

b is a constant which is given by Costain's (1941) formuls
p= z (=) exp [- pr?]

The value of this in practice is about 5,002, 7 = atomic
number of the atom concerned and V is volume of the unit
cell,

The root mean square of o (x), o(y) and o(z) was
tsken as the standard deviation of the atomic position.
The standard deviations are listed with the atomic

parameters in table IV.3.
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The standard devistisn of the length of & bond

hetween two atoms is given by
2 2
02(dy,) = 0P (x,) + oi(xy)

or o{d,,) = V§<r(x1) when the atoms are the same, If
the atoms are related by & mirror plane or s centre of

symmetry then
m(d12) = 264x1).

The standsrd deviations in bond angles were estimated
by the method of Darlow (1960). With isotropic standasrd
deviations for esch atom, the standard devistion of a bond
angle © subtended at atom 2 by bonds from atoms 1 and 3 is
given by

2
0‘2(;) . N3 oA

2
- 2(8)
2 42
22 324

2
. 2
3

where o (1), o(2) sand 5(3) are the standard deviations of
any coordinate for stoms (1), (2) and (3) referred to
orthogonsl axes, {, is the length of bond between atoms,
1 and 2, QB and Q13 are the bond lenzths between atoms
2 and 3 and 1 and 3 respectively.

The standard deviations of the bond lengths and bond

angles are given in chapter V.
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FIG- ¥ ~1. Bond lengths and bond angles in B -Alanine
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CHAPTER-V,

RESULTS AND DISCUSSION.

The final atomic coordinates in Angstrom units are

listed in Table V.1

Atom x in % y in R z in R
N 2,9151 0.9156 - 0,2732
C1 2.2867 2.2082 0.0728
c, 0.8385 2,2110 - 0,4832
03 - 0.2111 1.5288 0.4352
0, - 1.3742 1.3382 - 0.0947
0, 0.1717 1:1752 1.6116

All interatomic distsnces were calculated from
these. The intramolecular bond lengths snd bond angles

are indicaeted in Fig.V-1 and listed in Table V.2

TABLE-V,2

Bond Length Bond sangles

N -C, 1.478+0.,010R N -C,-C, 108.420.6°
C1—C2 1.551+0.010 C1-C2-C3 114 .,4+0,0
03-02 1.287+0.009 01-03-02 127.0+40,7 .
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Molecular Structure

The bond lengths and angles are in general close to
the expected values. The two C-0 bonds of the carboxyl
group are compéred with those of Copper Nickel and Cobalt

complexes in Table V.3

Cc-0 Cc-0 Reference
Cu ﬁ-Alanine.6H20 1.23R 1.26% Tomita 1961
Ni ﬁ-Alanine.2H20 1.215+#0.038 1.279+0.038 Present work
Co g-Alanine. 2H,0 1.277% 1.249+ &
f~Alanine 1.292+0.009 1.287+0.009 #

The two C-0O bond lengths in f-Alanine sre more nearly
equal than in the complexes. The two bonds &re compared

with those in some other smino acids in Table V.4

TABL E-V,L

Compound -0 C-0 fleference
x=Glyecine 1.261 1,265 Harsh (1958).
D1 a-Alanine 1,26 1.23 Donohue J (1950).
D1 - Serine 1.268 1.261 Shoemsker et.al. (1953).
Threonine 1.25 1.24 Shoemaker et.al. (1950).
y ) 'TvucHoobi.
Hydroxy-L-Proline 1.27 1.25 Donohue(and True oed

1952

f-glycyl. glyeine 1.27 1.21 Hughes and Moore (1949).

N-acetyl glycine 1.31 1.19 Carpenter snd Donohue (1950),
Donohue and Mavsh.(19e2) . )
f-Alanine 1.292 1.287 Present work.
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tn Halde Vg
In the amino acids listed bove the two C-0 bond

lengths are more nesrly equal in those structures which
exist in the 'zwitterion' form (discussed under crystsl
structure) than in N-acetyl glycine which does not hsve

the zwitterion structure. Part of the vsriastion between

the two C-0 bond lengths in the others have been attributed
to the particular intermoleculsr attractions. The
inequality in DL-alanine, for example, has been attributed
by Donohue (1950) to the lack of complete resonsnce arising
from the fact that one of the oxygen stoms tskes part in two
hydrogen bonds while the second oxygen atom takes part in

only one, The result is that the form

is favoured.

Equations of planes

The normal forms of equations of the various planes
are given below:
1. The plane containing the atoms N, 01 and 02 can be
represented by the equation

-0.332x - 0.352y + 0.870z + 1.563 = 0 and

2, The plane passing through the stoms C1, 02 and C3

has the equation

-0.172x + 0.87Ly + 0.L53z -~ 1,570 =0
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where x, y and g represent the axes of the unit cell,
The sngle between these two plenes was found to be
g€3.8°., This is slightly larger than the corresponding
angles in Copper R-Alanine. GH,0 (70°, Tomita, 1961)
Nickel ﬁ-Alaningff%3.7° present work) and Cobalt f-Alanine.zug
Wgh (78°, present work),
3. The atoms CB,'CQ, 0, and 0, (figure V-1) are almost

1

coplénar, the sum of the three asngles sround C, being 360.0°.

3
This situation holds for many of the amino acids some of

which are listed in Table V.5.

TABLE-V,5

Angle Hydroxy L- D1- Ll- f=Alanine
L-proline Threonine Alsnine Serine

- e e e e e e e e e e e e e e e e o e e e o e e e e e e

01-03-02 126.1° 126,9° 125.L° 125,3° 127.0°
01-03-02 118.5° 117.0 121,3 117 L 115.6
02-c3-c2 115,4° 116.1 113.2 117.2 117 .4

The mean plane throuch the atoms C?, 03, O1 and 0,

is represented by
-0,290x + 0.891y + 0.348z - 1.563 = 0

The normal distances of the individusl atoms from

the mean plane are 0.013 ’ for C., and -0.004A for Cz, 0

3 1
and 0y This plene makes an angle of 9,3° with the plsne
containing the atoms C1, C2 and 03' This angle is much
sméller than the corresnonding angles in nickel and cobalt

f-Alsnine dihydrstes (30.1° and 32.8°). The differences
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FIG-Y -2. Structure projected on (00I)
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in the angles may be due to the coordinstion of nitrogen

atom and oxygen atom (01) to the metal in the complex.

Crystsl Structure

The projections of the structure along the c and &
axes are shown in figures V.2 and V.3. All the symmetry
related molecules in a unit cell and a few from
neighbouring cells are also shown. Intermolecular
distances are drawn by broken lines in these figures and

listed in Table V.6.

TABLE -V,6

Intermolecular distances

Contact Bond lensth in A
N(x,y,z)-01(ﬁ+x,y,-t-z) 2.7810.01R
N(x,y,2)-0,(#+x,y,$-2) 2.78+0.01
Mx,y,z)-0,(%,7,3%) 2.76+0.01
N(x,y,2)-0,(4-x,¥,2~-%) 3.02+0.01
Cilx,y,2)-0,(d+x,y,-4-2) 3.38+0.01
C1(x,y,z)-01(é+x,y,i-z) 3.42+0.01
Cz(x,y,z)—Oz(x,ﬁ-y,z-é) 3.70+0.01
0,(x,7,2)-0,(%,7,%) 3.17+0.01
H(x,y,z)-N(d-x,¥, 4+2) 3.66+0,01
Cylx,y,2)-0,(3+x, &-y,%) 3.59+0.01
C1(x,y,z)-C1(x,i-y,i+z) 3.93+0.01

Colx,y,2)-Cyhlx, 8-y, 4+3) 3.92+0.01
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Hydrogzen bonds

The nitrogen atom (x,y,z) is immedistely surrounded
by four oxygens 0, (i*x, y, -4-2), 0,(3+x, ¥, t-2),
0,(%, ¥, z) and 0,(%-z, ¥, z-3) at distances 2.78%, 2.78K,
2.76% and 3,028 resrectively (Figure V-2). In the absence
of the knowledze about hydrogen positions the probable
hydrogen bonds could be decided by the evaluation of angles
which these bonds make with the C1-N bond snd with each

other., The angles were found to be

Contacts Angle
C,-N-0,(%, ¥, 2) 116.4+0.L°
C -N-0,(d+x, y, #-2) 96.4+0,4°
C1-N-O1(é+x, y, -%t-2) 101.0+0.4°
0,(3+x, y, -#-2)-N-0,(#+x, y, #-2) 112.94+0.3°
0,(%,¥,%) -N-0,(&+x, y, #-2) 115.6+0.3°
0,(%,7,2)-N-0,(#+x, y, -i-2) 112.440,3°
0,(%-x, 7, z-4) - N - C, 162.3+0.5°
0,(#-x, §, z-%) - N - 0,(%, ¥, %) 80.0+0.2°
0,(#-x, 7, z-%) - N -0,(i+x, y, %-z) 79.440.2°
0,(%-x, §, z-28) - N - 0,(#+x, y, -3-2) 66.3+0.2°

The sngles which N-O,(#-x, ¥, z-%) (3.028) mokes
with the other possible hydrogen bonds and with C1-N bond
differ widely from the tetrahedral angle of 109,5° while

the other three bonds make angles which sre all close 4o

it. This indicates that nitrogen takes part in the
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formation of three strong hydrogen bonds., The nearly
tetrahedral disposition of these hydrogen bonds estsblishes
the fact that P-Alanine like most of the amino acids exists
in the crystal in the zwitterion form +NHBCHZCHchO'.

The formation of hydrogen bonds in f-Alenine is
different from thst found in «, B and Y glycines, the
three polymorphic forms of glycine which also have the
gwitterion structure. In @ and P glycines (Albrecht and
Corey 1939; Marsh 1958, Iitaka 1960) strong hydrogen bonds
(lengths 2.768%, 2.850% in a-glycine &nd 2.758%, 2.833R in
f-glycine) involving two hydrogens of the NHB group are
arrsnged nearly in tetrshedral directions with respect to
C-N bond and hold the molecules together in s layer. The
third hydrogen is situated between two neighbouring oxygens
of adjacent layer forming & weak 'bifurcated' bond ( which
accounts for the formation of double layers). In ¥ glycine
(Iitska 1961) Nitrogen is surrounded by five oxygen atoms
at short distances. Three of these take part in hydrogen
bond formation and the other two are possibly linked by
electrostatic attraction to the NHB* group. The hydrogen

bonds link the molecules into helical chains.

Packing of molecules

The f-Alanine moleculrs are held together in a layer
parallel to (010) by the hydrogen bonds N-H....0(3+x,y;%-2)
and N-H....0,(#+x,y,52) (figure V.2). Each such layer is
linked to the adjacent layer by the third hydrogen bond
N-H....01(i, ¥, z). The B-Alanine crystal is thus made up
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of double layers of molecules firmly held by hydrogen
bonds between nitrogen snd oxygen stoms and slso by
electrostatic attraction between these ssme stoms. The
double layers are connected to the neighbouring double
layers by normal Van der Wasl's distsnces (Table V.6).
This description explains the observstion of cleasvage
on (010) face., In DL-Serine (a-smino B-hydroxy
propionic acid) (Shoemsker et al, 1953) which also has
@ layer structure, cleavage takes place across a hydrogen
bond between amino nitrogen of one molecule and the
hydroxyl oxygen of snother molecule from the adjscent
layer. This bond is explained to be wesker than the other
hydrogen bonds (notwithstanding the apparently shorter
distance) because the hydroxyl oxygen atom has no formsl
charge on it.

The double layer structure in £-Alsnine is similar
to thst found in o and B glycines, norleucine (Mathieson,

1953) and « and B forms of methionine (Mathieson 1952).
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CHAPTER - VI,

The structures of Nickel and Cobalt complexes of
i-Ale;szm

A. EXPERTMENTAL

e

Nickel B-Alsnine complex

Nickel P-Alanine dihydrate was prepsred by heating
an aqueous solution of f-Alanine with freshly precipitated
Nickel hydroxide in the stoichiometric ratio 2:1. The
snlution was filtered and concentrated. On slow
evaporation, greenish blue needles which were analysed for
carbon, hydrogen, nitrogen and oxygen giving the molecular
formula Ni(NHZCHZCHZCOO)Z.Zﬂzo were obtained.

The crystals belong to the triclinic system. For
the collection of dsta along the needle axis a crystal
having cross section of 0.1 mm x 0.18 mm and 1 mm in
length wes used. The data along the other two axes were
obtained with crystals of dimensions between 0.1 mm and
0.25 mm slong the different directions normel to the
oscillation axes. Accurate setting of the crystal was
done by the method of double oscillation (Dsvies, 1950).
Preliminary values of axial lengths were obtaéined from
rotation photographs tsken around all the three axes with
Cuk radistion. Accurate values of the unit cell
dimensions were determined from high angle spots in zero

layer Weissenberg photographs., The angles a, B and Y were
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calculated from the messured o*, f* gnd Y* on the same
photographs.
The expressions used for calculating the angles

@, f and Y in a triclinic system sre

cosP* cosY* - cosax

cosa =
sinf*siny*
cosa* cost* - cosft
cosp =
sina*giny*
cosax cosf* - cosax
cosY =

sinaginf x

and the relations used for axial lengths are

1

a = e —————
a* ginfsinr*
1
b =
b* sinasginy*
1
and ¢ =

c* sinasinB*

Volume of the unit cell, V = abc sinasinfsiny .
a* was determined from the reflexions 900 and 800, b* from

070 and 050 and c* from 005 and 004, using the expressions

A A A
8% = ’ b% = and c¢* =
4400 4910 4001
wheve A s the \'\/f‘l\t“‘. nglK o x-

usea.

Yay!:
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and inter axial ana\ts
The unit cell dimensions, sre

a = 8.48, b = 6.77, c = 4,938

a = 103.0°, g = 95,2°, v = 102,3°

The density messured by flotation in & mixture of
€thylene dichloride and &thvlene dibromide was found to
be 1.720 gm.cm™> while that calculated for one unit of
N1 (N, CH ,CH,C00) ,.2H,0 per cell is 1.689 gm.cm >,

The linear absorption coefficient pMmof
Ni(NH,CH ,CH,000) ,. 20,0 for Cuk, radistion is 30.1 em™',
Intensity data were collected from equatorial Weigsenberg
photographs taken around all the three axes with Cuk
radistion and using the multiple film technique,
Weissenberg photographs of short exposures (2-3 hrs) were
taken to estimate the intensities of strong reflexions.
Intensity scales were prepared with the sasme crystals used
for intensity data collection, in every case using a nack
of 3 films. Of the 144 possible reflexions in the hko
zone, 107 were observed and in the hol and okl gzones 73
and 68 reflexions were observed respectively out of
possible 100 and 87 reflexions.

Intensities were estimated visually with the help
of scales obtained with the same crystals. The ratio of
the intensities of the strongest to the weakest reflexion
was 720.1. The observed intensities were corrected for
Lorentz-polarization factor described in chapter II. No

absorption correction was applied.
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FIG.YI-1 Wilson's graphs for scale factors and temp.factors for Ni-B-Alanine.
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Temperature factors and scale factors for the three
zones were obtained by Wilson's method (1942) (Chapter II).
The plots of the logeC against §l§;§ for the hko, okl and
hol reflexions are shown in figure VI-1. The corresponding

data are given in Table VI-1.

TABLE VI~

Scale factor and temperature factor for hol reflexions

TLER M o e e
0.2-0.4 0,038 810 29,77 27.2 3.303
0.4-0.5 0.085 505 25.9 19.51 2.971
0.5-0.6 0.127 381 15.8 24,11 3.183
0.6-0.7 0.178 292 8.0 35.25 3.563
0.7-0.8 0,237 23k 731 32,0 3.466
0.8-0.9 0.304 198 k.0 49.5 3.902

From the graph B = 1.812} Scale fector = 4,2

Scale factor snd temperature factor for okl reflexions

0.2-0.4 0,038 810 19,6 L1.33 3.722
O.4-0.5 0,085 505 16.33 31.00 3.434
0.5-0.6 0.127 381 13.55 28.12 3.337
0.6-0.7 0.178 292 9.83 29.70 3.391
0.7-0.8  0.237 234 8.07 29.02 3.368
0.8-0.9 0.304 198 5.61 35.29 3.563

From the graph 28-1.112; Scale factor = 4,95
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Scale factor and tempersture factor for hko reflexions

2
Jome Mm@ s o e Z@ o lgo
0.2-0.4 0.038 810 22,21 36,47 3.597
0.4~0,5 0.085 505 33.3 15,17 2.719
0.5-0.6 0,127 381 14,2 272 3.303
0.6-0.7 0.178 292 6.0 L8.6 3.88%
0.7-0.8 0.237 234 L.,5 39.33 3,672
0.8-0.9 0.304 198 5,68 34,56 3.551

From the graph B = 1.832; Scale factor = 4.3

Individusl isotropic temperature factors for all atoms
were obtained during the later stages of refinement.

The structure factors were calculated using McWeeny's
values (1951) of scattering factors for Carbon, Nitrogen and
Oxygen and Thomas and Umeda's (1957) values for Ni%'. The
atomic scattering factors of Nickel were corrected for

dispersion by K electrons.

Dispersion Correction

If any stom in s crystal has an absorption edge
which lies very close to the incident radiation but is
shorter than the latter, the wave scattered by that atom
has a phase shift of half a wave length., On the other hand
when the wave length of X-rays is shorter than the

absorption edge of any atom, there is a change of phase of-
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less than half a wavelength between the incident wave and
the scattered weve. The resultant wavefcan be expressed
in terms of normal wave fo with the 8id of & real and

imaginary correction af’and iaf"
£ = £, +of’+ inf"

f, is @ function of sin®. The corrections Af 'and iaf®
are nearly independent of © becsuse the tightly bound
electrons responsible for these effects are concentrated
in 8 smsll volume near the atomic nucleus; they are
functions of ». For -;; > 1, A being the wave length
of X-rays used and e iéfﬁ absorption edge Ao f" = 0,
Hence in the case nickel ( —%;~ = 1.037)

f = fo + Aaf
The value of Af‘'was obtained from tables given by

James (1950) so that f = fo-3.5.

Cobalt f-Alanine complex

Cobalt P-Alanine dihydrste was prepsred by a
method similar to that used for the Nickel complex using
’ freshly precipitated cobalt hydroxide. On slow evaporation
prink needles were obtained. Preliminary rotstion photogranhs
and equatorisl Weissenberg photograph taken slong the needle
axis showed thst Cobalt B-Alanine, moleculsr formula
Co(NH20H2CHZCOO)2.2H2O, was isomorphous with Nickel
f=Alanine dihydrate.
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The unit cell dimensions and inter axial angles
o, F snd ¥ were determined from zero layer Weissenberg
photogravhs using the same ecquations &3 those given for
Nickel P-Alanine,

The reflexions used to obtain a*, b* snd c¢* are

900, 800 and 500 for ax*
080 and 070 for b* and 006 for cx*

The values of unit cell dimensions and interaxial

angles are

a = 8.54K, b = 6.79%, ¢ = L.96R
a = 103.30 B = 95"80 Y = 101030

The density was measured by flotation method using
a mixture of Ethylene dichloride and Ethylene dibromide
at 24°C. The observed value is 1.69 gm/c.c. and that
calculated for one molecule of Co(NHzc§;?00)2.2H20, per
unit cell is 1.66 gm.em.>

The linesr absorption coefficient M of
Co(EH20H20H2000)2.2H2O for MoK, radiation wes found to be
16.7 em”™ and optimum thickness t = 0.12 em. and that for
Cuk, radistion was calculated to be 142.1 ems ! and
t = 0.14 mm. Intensity dats along the needle sxis were
obtained with both Cuk , and Mok, radiationswith needles
having cross sectionsl srea of 0.1 mm by 0.15 mm ( for
Cuk, radiation) and 0.2 mm x 0.3 mm (for Mok, radistion).
For the other two axes the specimens used were between
0.3 mm and 0.5 mm along the different directions normal to

axes
the oscillation axes. Intensity dataolong & and b were
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collected only with Mok, 6 radiation ( as p of
Co(NHZCHZCHZCOO)z.zﬂzo for Cuk, rediation is very high )
and using the multiple film technique. Intensities were
estimsted visually by comparing with & standard set of
reflexions obtained with the same crystsls. Lp factor
corrections were applied as for Ni-f-Alsnine. The
intensities were then put on the absolute scale by Wilson's
method by which the temperature factors for the three zones
were also obtained. The graphs of logeC against g%fgg for
the three zones are shown in figure VI.2 and the
corresponding dats given in Table VI.2., X for Mok,

radiastion was tsken ss 0.7111.

TABLE - VI,2

Scale factor and temperature factor for hko reflexions
CMO K-l Yc\d;a\"\eﬂJ

stng  Sin®e  yf2  ZI> o of? log,C
Z i N

0.1-0.2  0.04k 114k 5.977  191.4 5,254

0.2-0.25 0.100 960 9.181  10L.6 L.650

0.25-0.3 0.1496 826 3,90  210.2 5.34L8

0.3-0.35 0.2089 710 1.52 L67 .1 6.147

0.35-0.L 0.278 605 1.412  428.5 6.060

From the greph B = 2.7K2; Scale factor = 9,73



= Gk =

Scule factor and tempersture factor for okl reflexions

Siné “?;29 rvi Z1> C=1%T§ log O
0.1-0.2 0.04L 114 9,355  122,2 L.806
0.2-0.25 0.100 260 3.50 27L.3 5.61L4
0.25-0.3 0.14%6 826 3.81 216.8 54379
0.3-0.35  0.2089 710 2.25  315.6 5,754
0.35-0.L  0.278 605 2.10  288.1 5,668

Q
From the graph B = 1.£A2, Scale factor = 12,2

Scale factor and temrerature factors for hol reflexions

5iné ‘fiz ye2 <I> c-_??é logC
0.1-C.2 0.0LL 1140 7.185  159.2 5.070
0.2-0.25  0.100 90  L.573  209.9 5. 347
0.25-0.3  0.1496 826  2.415  342.0 5.835
0.3-0.35 0.2089 710 1.661  402.7 5.908
0.35-0.4  0.298 605  1.482 408.2 6.012

From the graph B = Z.AR% Scale factor = 11.9

Space group

The space group was assumed to be P1. As there is
only one molecule per unit cell Nickel must be &t the
centre of symmetry. This was later confirmed from the

Patterson and electron density projections.



Fig. VI-3 Sharpened (001) Patterson projection




Fig.VI-4 Sharpened (100) Patterson projection
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B. De f th ru Ni cke ~Ala
rate a ts re ement.

atterson Projectior

For the space group P1, there are two equivalent
positions. As there is only one molecule per unit cell
Nickel must occupy the special position 0,0,0. The pesks
in the two dimensionsl Patterson distribution due to the
interaction between Hickel atom and the other atoms stand
out against the background of weaker peaks due to the
interaction between the lighter atoms. The approximate
coordinstes of 8ll atoms could, therefore, be obtained
directly from the three Patterson projections F(uvo),
P{uow) and P(ovw). These patterson projections were
obtasined with the help of von Eller photosommateur. The
Patterson maps were shérpened by using S?lﬂz where
S = 2 8in6 @s Fourier coefficients instead of taking
IF| 2. The Patterson maps for (001) and (100) projections

sre shown in figures VI-3 and VI-L4 respectively.

Refinement ruc
(001) Projection : For the space group P1 the
exnression for the structure factor is
N

F(hkl) = 2 ééi £ cosZw(hxn+kyn*lzn) » = & N

yohere N (8 “he nuamben o,g a\vminq_moee_wﬁz.
This expression in (001) projection simplifies to

F(hko) = 2 éék f cos2r(hx_+ky_ ) i v B2
peq D n ’n ,
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dd‘\\ ci»«akZ
For Nickel ﬁ-Alaninth e formula VI.2 can be written

in the form

F(hko) = ?Ni + 2 Ilfncoszr(hxn*kyn)
excepts Nickel.
where the summation extends over all atoms in one
asymmetric unit,

To calculate F(hko) the averagze values of x and y
coordinates from the three Patterson projections were used.
Scattering factors of Carbon, Nitrogen &and Oxygen
(McWeeny, 1951) and Nickel?* (Thomas and Umeda, 1957) were
corrected for a tempersture factor of 1.842, Prior to
this, scattering factors of N12+ were corrected for
dispersion. The 100, 010 and 110 reflexions were excluded
from all calculations as they could not be recorded on the
Weissenberg photograph on account of being cut off by the

beam catcher.

Q1) electron dens oject
The (001) electron density projection shown in figure
VI.5 wes computed with the cslculated pheses and Fo values
for &1l except 100, 010 and 110 for which the finsl Fg
values were used.

The electron density in (001) projection is given
by

P(xyo)= %“ZS;F(hko) cos2rhxcos2rky - sin27hxsin2wk37..VI.3
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The summation of this series was done by using
Beevers and Lipson strips at intervsls of 6°. The contours
are drawn at intervels 4 electrous/.?\2 for nickel and
1 e per %2 for the other atoms starting from 2¢/82. The
electron density map shows thst the contpurs around Nickel
are elliptical. The contours are elongsted roughly normsal
to the (100) plane, implying large thermal vibration in
that direction.

The atomic co-ordinates were refined by repeated

cycles of difference syntheses.

Pefinement of atomic co-ordinstes by difference syntheses.

The results obtained by (Fo-Fc)aynthesia are similar

to those obtained by the minimisation of I = %_w(Fo-Fc)z.
A similsr function ¢n &s defined by (Cochran 1951b)

: 2
Gy = %}n (F -F ) e e e e e JVI

where fn is the scattering factor of the nt’h etom. The

coordinstes which minimise ¢n satisfy the conditions

2%n . -2n _ _3m 0
éxn Yp azn
oF
—1— M. ’ c’....-...:
i'e' > F- (I‘o }‘c) AX = o . . . ‘]Its



- 68 -

For a centrosymmetrical structure Fc is given by

%42 hx ky 1z

n DUCT ; S, . S |

i e = 2 fn cos2 ( o + b + e )

n=1

aF hx ky lz

—< . A n,_°n,_n
3%, o fn.h sin2r ( ol il )

oOF
Substituting for 5;ﬁ in the equation VI.5

hx ky lz
4 <h - n n ny .
: Z‘Tn(Fo Fc)sian ( =t 5t S ) 0

However the funetion D = fo-f% = %Z(FO-FC)cost(hxn+kyn+lzn)

has a slope in the x directis»n st the point (xn . zn)

which is expressi 'n by the relation

(oD 27 2
\S;)n = - §2h(F -F ) sin2r(hx +ky +lz ) ... VI.6

The condition for to be minimum with respect to
n

oD 0
the coordinstes of the nth atom is that 22 g T =
axn ayn azn

should all be zero at (xn n zn). However, when the slope
of U is not zero st the atomic co-ordinates then the

correction to the stomic co-ordinste ‘Axn is given by

2

D\ [ e
Ax = = / ( ) o0 VI.?
o oX/n | %% 'n

i

4 ¢ f% and fo 8re @ssumed to be of the sume shape
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2

near an atomic cegtre, %—gﬁ in the expression IV.7 can
X

be replsced by (é_fg) .

5n2,n
The electron density near the centre of sn atom
is approximated by the relation (Costasin 1941, Booth 19L6)

3/2 2)

Puz(-E-) exp( -pr ¥ v % 8 B a8 VLB

where f is the density st s distunce r from the centre of
the stom, Z is the atomic number and p is s constant, its
volue in practice being sbout 5.0A~

Hence

2

3 fPo _
ax2>n - 2pr>o(xn Yn zn)

(

The centre of sn atom should therefore be moved by

a distance

b 0 . . . v 'Q

where r denotes a distance measured in the direction in
which U incresases most rapidly.

w«hen one or more successive corrections have reduced
the values of ‘%%_)n etc. to zero at each atomic centre,
the coordinates are free from series terminstion erréé
provided the values assumed for fn's are correct. The
(F,-F,) synthesis shows to a considersble extent when
incorrect values of fn are used. If the temperature fsctor

2
B of an stom defined by .f =f exp(- E—953-9-) has been
n On 7\2
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over estimated in magnitude then D = (f -r ) near the
atomic centre will be positive. If the thermal vibration
of sn atom is anigotropic but &n isotroric temperature
factor has been sssumed for this atom contours of constant
positive and negative D are seen sround the stomic centre

in mutuslly pnerpendicular directions.

Hefinement of x and y parsmeters

The (Fo'Fc) syntheses were gummed by using Beevers
and Lipson strips at intervals of 6°. On the difference
map contours of constent D (f -f) were drawn. The
direction in which the nth atom is to be moved is
perpendicular to the contour passing through the atomic
centre and in the direction of increasing D. The magnitude

of correction wus obtsined from the expression

=)

A

or
AT -
n 7P,y

The values of fb,f°r carbon nitrogen and oxygen
were taken to be 8e. per 12, Qe. per X2, and 11e. per A?
respaectively. The corrections ax, and vl for the
x and y parameters were obtained from Ar_ on the difference
Fourier map in the directions parsllel to a and b axes.
After five successive cycles of difference Fourier syntheses
the R factor wes 0.169. The x and y coordinates sfter each

stage of refinement are listed in Tsble VI.3.
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TABLE VI.3(a)

Changes in the stomic co-ordinate x/a

Atom From After After After After After

Patter- I II IIT IV v

son Differ- differ- differ- differ- differ-

maps ence ence ence ence ence
Ni 0.0 0.0 0.0 0.0 0.0 0.0
N 0.2248 0,2201 0.,2201 0.2237 0.2257 0,2257
¢, 0.390 0.3677 0.3601 0.3698 0.3656 0.3656
Cy 0.3695 0.3361 0.3572 0.3391 0.3301 0.3359
03 0.2270 0.2121 0.2056 0.220 0.2146 0.2179
0, 0.1195 0.1116 0.1173 0.1140 0,1095 0.1095
O2 0.250 0.2386 0.2161 0.2456 0.2456 0.24L56
OB(HZO)'O'0575 -0.0696 -0.0645 -0.0714 -0.0714 -0,0690

TABLE VI,3(b)

Chenges in atomic co-ordinste y/b

Atom From After After After After ASter

Patter- I II III IV

son differ~ differ- differ- differ- differ-

maps ence ence ence ence ence
Ni 0.0 0.0 0.0 0.0 0.0 0.0
N 0.038 0.0267 0.0324 0.0236 0.0217 0.0217
C1 0.190 0.1601 0.1619 0.1643 0.1639 0.163¢
C, 0.3860 0.3755 0.3849 0,3868 -0.3856 0.3875
03 0.416 0.3937 0.3772 0.3987 0.L098 0.4098
0, 0.259 0.2622 0.2637 0.2629 0.2575 0.2575
0, 0.582 0.5762 0.5762 0.5835 0.5804 0,580L

03(H20) 0.203 0.2191 0.2249 0.2134 0.213L 0.2163
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The fifth difference maep showed that the oversll
temperature factor of 1.8%* for all the atoms wes
incorrect. Individugl isotropic temperature factors for
the other atoms and anisotropic temperature factor for

Nickel were obtesined by the least squaresmethod.

Refinement of 8 rs ast square m

The value of E, the minimum function mentioned in
the discussion on the lesst Squares method (Chapter IV)
depends not only on the atomic co-ordinates but other

quentities which influence the value of F_, for instance

cl
the temperature factor.
The value of B which moke the function ZZ(FO-FC)2

minimum can be derived as follows:

oF oF

X(Fo-Fc) = Z(;ﬂf)AB1 + (ggs)ABz  _JPWu VI.10

where B,, B2 etc. are the individual temperature factors

of the different atoms.
waton

oF
Multiplying both sides of V1.10 by ( ) we have
-~ 1

oF 5F aF . oF
E(FgFo) (G55 ) = iog®) s, +E(p8) (5EEB, +evn VLTI

oF F
If the atoms sre well resolved, terms like (ggs)(ggg)ABz
1 2

can be neglected. Hence VI,II reduces to
A J{F _~F
3 n 0o '¢

AB =
n oF
Ziggslz

n

. . . . . . . VI.12
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In the case of Nickel f-Alanine, for (001) projection

Bsinze)
22

F=f exp(~ +22fn(coszvhchSZrky-sin2vhxsin2wky)
Ni

SF
=g~ for Nickel is given by

n
E;& = f_ expl - Bsin )¢ - —;?—g) so that
(F-F) ¢ ( 22;232, sin’e
L\¥o~Te! 1o 0xp | = T 2772
ABNi o . . VI013

2 2
If, exp (- B8il2) (810.0)2

The expression VI.13 was written in the form

F(F -F_) £(2sine)?
A
‘Z[f‘ (Zsine)j

2
{Jr the purposes of calculation, where f = foexp( 251%_9 )
Q
the value ofB being the average value of 1.84%, 28in6 is

directly measured on the a* b* reciprocsl lattice for

different reflexions.

For other atoms

2
Bsin®®,, sin”® .
SFi = foexp(--fxi— ) (= -;?—)(coszrhxcos2wky sin2rhxsin2rky)
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and

27?Z(F°-Fc)f(2ain0)2(coszvhxcos27ky-sinzvhxsinkay)
ZE?(Zsine)z(cos2rhxcoszvky-sin2vhxsin2vky?]2
. . - - . . VI . 1h

ABn- -

The individusl temperature factors thus obtained
are listed in tsble VI.4. The structure factors based on
the new f values for esch atom were recslculated. A
further refinement wes done by difference Fourier synthesis.
The R foctor after this refinement was 0.152. The final
difference map is shown in figure VI.6. The contours are
drawn st intervels of 0.25e.8"2, The negstive contours
are dotted and the zero contour is indicated by o. This
map shows thst the slope of D nesr the atomic centres is
smsll.

The contours sround Nickel, O1 and O, indicate that
the thermal vibration of these stoms are anisotropic, the
directions »f maximum vibrations being parallel. This
indicates the possibility of the whole molecule vibrating
in this direction. This point is discussed in chapter VII,
The contours marked by crosses indicste the possible
rositions of the hydrogen atoms but these were not included
in the calculation,

As the contribution »of Nickel to the structure
factor is large the scottering factors of Nickel were
corrected for snisotropic temperature factors by means of

the expression

2
2 2,, sin“s
f =1, exp [T(Acos $+Bsinp) —T;Ei]



- 75 -

where fo is the scottering factor of the stationsry

atom, A and B are constents, ¢ is the angle between the
direction of maximum vibration snd the normzl to the
reflecting plane. Similar expression were used by Hughes
(1941) and by Cochren (1951a) in the structures of
melémine and adenine hydrochloride to account for thermal

o
anisotropy. A and B were chosen sas 1.8.-‘\2 to start with,

The corrections AA and AB were obtained from the

expressions
3F
- e |
E(Fo Fc”a!\ )
AN = . VIi.15
PG
and.
oF
Z(Fy-F ) (55%)
AB = ———_B—F—T VI.16
14
c
=2

The structure factor formula can be written in the form

2
Fc-fh.iexp {-( rcostd +Esin2¢)&>%} +2}:fn( cos2rhxcos2rky

-sin2rhxsin2vky)
For the nickel atom
—af-g = f exp[:-(-‘\cosztb+Bsin2¢) 'inzeh-coszq) sin’ )
oA Oni ) i _}?—v N
Similsrly

2 2
. 8in“g 24 sin’ @
s = f°Niexp E( Acosztb*BSin%P) x;\zj (-sin qS : ;\29)
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oF oF
Substituting for 379 i gﬁg in the equations VI.15 and

VI.16 we get the following relations for A A, and A B

2 2
h>?2(Fc-Fc)fo e'(A°°8%P+BSin ¢)§ig—g cosz¢;(231n6)2

Ni
AA\ = -

2
k 2 .81 5 2
zﬁ;ui e~(Acos%D+Bsin<b)——£§Q cos2¢(2sin9)?

This on simplification becomes

Y. = 2 2
. -L>.Z(F°-rg%'fui cos“c.(28ind)

PR VI.17
Zj}hi c08<p(28in9)?1 .

where fdi is the scattering factorof r Ni corrected
9
for B = 1.8A%.
Similsrly

2 - 2 2
- =4 z(FQf{Q) fN1 sin? (2sine)
ZI}Ni sin’d(2sine)? ] ?

VI.18

J

The a* b* reciprocal lattice was plotted superposed
on the finsl difference map. The direction of maximum
vibration was marked on tpe difference map and the sngle
whic;izggg gs?{%ngkoggﬁggfwith the direction of maximum
vibration was measured, The velues of AA and AB were
found to be 0.5 and ~0.L32 so that the tempersture factor
changed from 1.8c082¢+1.8sin%>to 2.3cos%¢+1.hsin%y. The
structure factors were recalculated with the chénged
thermal psrameters for Nickel. The K factor dropped from

0.152 to 0.138. The final x and y psremeters along with
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thermsl parsmeters are listed in table VI.A4

TABLE ~VI,4

Atomic and thermal parasmeters for (001) projection
Atom x/a y/b B in XZ

Ni 0.0 0.0 1.8

N 0.2257 0.0217 1.7

c, 0.3656 0.1639 2.2

02 0.335% 0.3875 2.9

Cy 0.2179 0.4036 0.9

01 0.1095 0.2575 2.1

0y 0.2456 0.580L4 2.3

OB(HZO) - 0.0690 0.2163 2,7

100) projecticn
The structure factor formula for the okl

reflexions is

Flokg) = fyq * 2Eﬁh(canwkycos2rlz-sin2rkysian1z)

The finsl y psrameters from the (001) projection
given in tsble VI.L were used to calculste okl structure
factors., The z parameters were obtained from the
Patterson projections P(ovw) and P{uow). The averagesof
the z velues obtained from the Patterson projections was

used to celculate F(okl). The scattering factors were
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corrected for a temperature foctor of 0.64% obtained by
Wilson's method.- The relisbility index for 80 okl
reflexions including unobserved ones at half the minimum
observsble value was 18.2 %. The 001 and 010 reflexions
were excluded from all calculations as 001 appesred to be
subject to extinction and 010 was cut off by the beam

catcher and hence could not be recorded.

1 electro oie on

The electron density pr(oyz) is given by the

expression

Ployz) = -%Z%?Wokl)(cosZWRycoazrlz-aiankysianlz)

The electron density projection shown in figure VI.7
was computed using the final calculated phases and observed
values of structure factors for sll except 001 and 010 for
which the final cslculated values were used. The summstion
of Fourier Series was done by using Beevers-Lipson strips
at intervals of 6% of cell edge. The contours in the
electron density map are drawn at intervals of he. A2 for

Nickel and 1e/82 for the other atoms starting from
2 electron / 1%,

(100) difference densit éctio
As in the casse of (001) projection, the atomic

perameters were refined by (Fo-Fc) syntheses. The
difference syntheses were computed using Beevers-Lipson

strips st intervals of 6°., In the first few refinements
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y-coordinate was not refined from this projection, But
as there were shifts in the y coordinates after the third
difference synthesis y-coordinste was slso refined during
the later refinements. At the end of four cycles of
refinement the R factor was 0.15. At this stage the

individusl isotropic temperature factors were obtained by

the least squares method.

fefinement of thermal paremeters for (100) projection

The structure factor F(okl) can be written as

2 2
F(okl) = f°N exp('%%—e) - ZZﬁoexp(-BSi;‘\ze)(canwkycoszwlz
1 -sin2rkysin2rlz)

3F
From this expression we get ﬁ.&‘ for Nickel as

oF

2 2
=5 - S exe [ R (- s
so that
) 20 .02
z(Fo-Fc)fQNicxpf- __L_I}_EQBS% jE-—L—Q-Qe ;\ )

ABNi = : S ¢« « VI.19

This can be simplified in the form

3 2
W% (F_-F ) fy,(254n0)

Ttyy (201n0) %] 2

[\Aqui = o o vI.zo
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FIG-MI-8 (Fo-Fc) synthesis of (100) Eo_mn:o% Contours at intervals of O.Nm\mw zero contours are indicated

: by O and negative contours are dotted.
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TABLE .5
Chenges in the stomic parameter 3z/c
Atom From After After After After
Patter- I Ir III IV
son differ- differ- differ- differ-
maps ence ence ence ence
Ni 0.0 0.0 0.0 0.0 0.0
N 0.2545 0.2551 0.2424 02424 0.2517
C1 0.2242 C.1911 0.1911 0.1%11 0.190¢9
02 0.1724 0.1877 0.1989 0.2133 0.2133
CB -0 00296 .0 00388 "O 00388 -000322 "O 0()322
01 -C.1454 <0.1653 -0.1653 =0.1653 -0.17L0
02 -0.0616 =-0.0616 -0.0692 -0.0692 -0.0786
03(H20) 0.3393 0.3490 0.3210 0.3283 0.3283
TABLE V1,6,

Final vslues of y/b and

z/c from (100) projection
and individual B values.,

Atom y/b z/¢ B(okl)
Ni 0.0 0.0 0.5A%
N 0.01%4 0.24L68 1.4
C, 0.1636 0.1766 1.2
C, 0.3886 0.2152 0.8
Cy 0.4039 -0.028L 0.8
0, 0.2535 -0.1680 1.2
O2 0.5817 -0.0847 1.3
05(H,0) 0.2189 0.3306 1.0
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flefinem of (O
The structure factor for hol reflexions is given

by

F{hol) = fN1+22£n(costhxcoszrlz-sinzﬂhxsinZvlz)

To calculate the hol structure factors the finsl
values of x and z coordinates from the preceding
projections were used., The scattering fsctors were
modified using a tempersture factor of 1.832 . The R
value for &5 hol reflexions includ;ng unobserved ones was
0.194. (001) and (100) were excluded from the calculstions
as (001) appears to suffer from extinction and 100 was not
recorded on the Weissenberg photographs. One cycle of
refinement by difference synthesis was carried out after
which R was 0.176. Individual isotropic temperature
factors were obtained by the least squares method.

4B for Nickel is given by

42" 5 (F=F ) fy, (2s1n6)?

AB

Ni < Fm(zsine)ﬁ 2

and for the other atoms

B Zﬂsz(Fo-Fc)fn(ZsinG)z(cosZ*hxcos2'lz-sin2vhx-sin2w1z)
AB =

z[}n(ZsinG)z(costhxcostlz-sin2rhxsin21léﬂ #
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After the refinement of tempersture factors a
further sgeke of refinement was carried out for x and 2z
coordinastes. The final K factor was 0.153. The x and
z coordinates and the B values for (010) projection are

tabulasted in Table VI.7.

TABLE - V1,7

Final x and z parameters from (010) projection
and B wvalues.

__hom f/f ______ :{c ..... B {n_xf
Ni 0 0 1.5
N 0.2180 0.2388 0.9
c, 0.3695 0.1859 B
02 0.3387 0.219% 2.6
03 0.2131 - 0.0210 1.0
0, 0.1095 - 0.0582 2.1
O2 C.2456 - 0.0847 3.2
03(u20) - 0.0690 0.3403 3.3

The final atomic co-ordinates used in the
calculation of interatomic distances were the mean values
from the three projections. The average atomic co-ordinates
are listed in table VI.8 with their estimated standsrd
devistions, The thermal parsmeters for the three zones

are slso listed in this table.
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TABLE - VI.8(g)
Final atomic paremeters with their estimated standard

deviations

Atom x/8 y/b z/c

Ni 0 0 0

N 0.2219+0.0031 0.0260+0.0039 0.2428+0.0053
C1 0.3675+0.0036 0.1638+0.0045 0.1813+0.0062
C, 0.3373+0.0036 0.3878£0.0045 0.2173+0.0062
Cy 0.215540.0036 0.4038+0.0045 -0.0247+0,0062
0, 0.1095+0.0027 0.2555+0.0034 =0.1631+0,0047
0, 0.2456+0.0027 0.581120.0034 -0.0847+0.0047
04(H,0)  =0.0690$0.0027 0.216520.003k 0.3355+0.0047

TABLE - ViI,8(b)

Thermasl parsmeters

Atom B(hko) B(okl) B(hol)
N4 1.8%2 0.5%2 1.5%2
N 1.7 1.k 0,9
C1 2.2 1.2 2.7
Cz 2'9 0.8 2.6
C3 0.C 0.8 1.0
01 ' 2.1 1.2 2.1
02 2.3 1.3 B2

03(H20) 2.7 1.0 3.3
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C. Befinement of Cobalt B-Alsnine structure

As Cobalt f~Alanine 2H20 was found to be
isomorphous with Nickel f-Alanine ZHZO, refinement of
its structure was started from the final atomic
parsmeters obtained for Nickel f-Alanine.

001 o

The hko structure factors were calculated with
the finsl aversge x and y coordinates given in table
VI.8, The structure factor formulae are similar to those
used 15&§?§191 f-Alanine. A temperasture factor of 2,0%2
obtained by Wilson's method was used £or to correct the
scattering factor for the first three refinements which
were done with the intensity data collected with Cuk
radistion. At the end of these refinements by difference
syntheses the F factor was 0.15. Further refinements were
done with the intensity dats obtained with MoK, radistion.

The scsle snd temperature factors were obtained by
#ilson's graph (figure VI.2) for the observed intensities
obtained with MoKa radistion., Using the x and y
coordinates from the third difference synthesis snd
revised scattering factors the Fés$ recalculeted. The
R factor for 94 reflexions including unobserved ones at
half the minimum observable velue was 0.15. Twelve low
angle reflexions 100, 200, 110, 210, 220, 120, 010, 020,
110, 720, 210, and 220 could not bd recorded in the
weissenberg photograph with MoK, radiation 8s they were

cut off by the besm catcher. These were, therefore,
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excluded from further refinements. A further cycle of
refin-ment was carried out by difference synthesis after
which the K factor was 0.137. Isotropic temperature
factors for all atoms were derived by the least squsres
method. The expressions for AB of Cobalt and other atoms
are similar to those used in the corresponding cases in
Nickel f-Alanine. The structure factors recalculated with
the revised thermsl paremeters gave R factor of 0.121.

The final x and y parsmeters along with the temperature

factors for this projection are listed in table VI.Q,

TABLE - VI,0

\tomic parameters x/s and y/b and tempersture
factors

Atom x/8 y/® B(hko)
Co 0 0 2.6%2
N 0.2273 0.0147 1.8
c, 0.3698 0.1611 1.8
c, 0.3392 0.385L 3.6
C3 0.2247 0.4062 1.0
0, 0.1108 0.2470 3.k
0, 0.2L84 0.582L |
04(H,0) - 0.0558 0.2158 .5

(100) and (010) projections
(100) projection : The y-coordinates from (001)

projection (table VI.9) and final average z-coordinates
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obtained for Nickel f-Alanine were used to éalculate
F(okl). A temperature fsctor of 1.8%2 obtained from
Wilson's graph wes used. A refinement of y and z
parameters was done by difference synthesis. Isotrovic
temperature factors were obtained by the method of least
squares and a further refinement of atomic parameters
was carried out by (100) difference electron density

projection., The final K factor was 0.125,

(010) projection: The hol structure factors were

calculated with the x and 2z coordinates obtained from the
preceding projections. A B-factor of 2.442 obtained
from Wilson's graph was used. The PR factor for 75
reflexions including unobserved ones wes 0.20, Individual
temperature factors were obtained, 8s in the preceding
projections, by the lesst squsres method. One refinement
by the difference synthesis of the x and z parameters
brought the R factor to 0.16.

The final average stomic co-ordinates with their
estimeted stondsrd devistions are listed in Table VI,10.
The individusl B values are also given in this table.
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TABLE - VI.10(a)

Atomic perameters with their estimated stendard
devistions

Atom x/a y/b z/c

Co 0 0 0

N 0.2285+0.0029 0.0147+0.0036 0.2362+0.0049
c, 0.3698+0.0033 0.158840.0042 0.1774+0.0057
g, 0.3392+0.0033 0.384850.0042 0.2212+0.0057
Cy 0.2241+0.0033 0.4047+0.0042 -0.0326+0,0057
0, 0.1098+0.0028 0.2493+0.0035 -0.1618+0.0048
0, 0.2469+0.0028 0.5802+0.0035 -0.0799+0.0048
05(H,0)  -0.058130.0028 0.2163:0.0035 0.3267+0.0048

TABLE - VI,10(b)

Thermal paremeters

Atom B(hko) B(okl) B(hol)
Co 2.6%2 1.8%2 2.3%2
N 1.8 2.1 3.7
c, 1.8 2.2 2.5
02 3.6 2.1 2.2
CB 1'0 1.8 1.5
0, 3.k 2.2 0.8
0, 3.1 | 3.6 L,5

05(H,0) L.5 St :
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Estimetion of standard devistions
For a centrosymmetricsl two dimensional synthesis
the standard deviation cr(xn) of sn stomic co-ordinate
X, is given by (Lipson and Cochran, 1953).
N #
K = [1 21
o (x,) = [ > 2,2

Y2 Z 2p A net

where A i3 the area of the projection, Zn the atomic

number of the nt"h

atom and K is taken equal to the

finsl R factor for the particular projection. p is a
constant the value of which was taken as 5.0K2. The
standard deviations were estimated from all the three
projections. A root mean square of o (x), o(y) and o (z)
was tsken as the standard deviation of the atomic position.
The standard devietions of bond lengths and bond angles

were estimated by means of the same expressions as those

used in the csse of ?-Alanine, described in chapter IV,
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FIG-MIL-1 Bond lengths and bond angles in Cobalt P - Alanine o(ihydvnﬁ--
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CHAPTE

R = VII

Reag%&s and discussion of Nickel and Cobalt B-Alsnine
complexes

The atomic co-ordinates in Angstrom units referred

to the axes of unit cell are listed in Tsble VII.1. Al

the interatomic distances were calculated from these.

TABL

-
)
-~

- VII.1

Ni B-&lanine,ZHZO

Co B-Alanine.ZHzo

- e e e e e e e e e e T s e e e e e e e e e o e ™ e s e

R
Ni 0
N 1.881
c, 3.117
C,  2.861
Cy;  1.827
0, 0.9297
0, 2,083
0y  =-0.5851

(B,0)

0 0
0.1395 1.197
1.109 0.8937
2.625 1.071
2,734 -0.1217
1.730 -0.8041
3.934 ~0.4176
1.473 1.654

Aom x in y in z in
R R X
Ni 0 0 0
N 1.9514 1.0998 1.1716
C1 3.1581 1.0783 0.8799
02 2.8968 2.6128 1.0972
03 1.9138 2,7479 -0.1617
0, 0.9377 1.6927 -0.2025

0, 2.1085 3.9395 -0.3963

03 -0.4963 1.L687 1.6204
(,0)

The intramolecular bond lengths and bond angles

oltlﬁydvaﬁ

in Ni f-Alanine, ére shown in figures VI-5 (Chapter VI)
dihydralz
and those of Co B-Alaning\fh figure VII.1 and listed in

table VII.2 with their estimated standerd deviations,
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TABLE - VII,2

Hi B-Alanine 2H

Co p~Alanine 2H

e e e m R am e e e e e e e e e o e e e w e

e e e T " T e —

Ni-N
Ni-0,

Bond engles

0
Length in £
1.500 + 0.040%
1.565 + 0.043
1.545 + 0.043
1.215 + 0.038
1.279 + 0.038
2,140 + 0,023
2.096 + 0.026

2,167 + 0.023

Ni B-Alanine,ZHzo

Contact
h-C1-C1

02-03-02
01-C3—02
0 9 =Ni-N
Hi-K-C1

Iii-01-C3

angle
109.6 + 2.4°
112.5 + 2.5
125.9 + 2.8
114.1 + 2.5
122.7 + 2.9
9t.4 + 1.0
115.2 + 1.9
123.2 + 2,1

Bond angles

20

Length in £
1.495 + 0.0374
1.577 + 0.040
1.564 + 0.036
1.279 + 0.036
1.2L9 + 0.036
2.129 + 0,021
2.1L3 + 0.024
2.094 + 0.021

Co E-Alanine.2H20

Contact

N-C_-C

1 72

C1-C -C3
...01

-0

c,-C

wow N

2
C2-C

N

01-C3--02

01-uo-h

Co-N-C1

Co-01-C3

angle
110.6 + 2.3°
111.9 + 2.3
119.1 + 2.4
115.6 + 2.4
12L.4 + 2,6
80.1 + 0.9
115.4 + 1.8
124..6 + 2.1
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The sides of the octahedron around the metsl

are

Ni ﬁ~ﬂlan1ne,2H20 Co B-Alanine 2H20

—-—-.-.-.——--——----—-----—----_..

03-§ 2.9€+0.04 and 3.07:0.04% 2.94+0.04 snd 3.01+0.04%
04-04 3.03:0.03 and 3.06+0.03k 3.01+0.03 and 2.86+0.03%
Oy=F 3.03:0.04 and 2.96:0.04% 2.996:0.04 and 3.02+0.04%

Eouations of planes

The various planes in the two complexes are

represented by the following equations:

1. C.594x =0,006y +2.129z "' = 3.492 passing through
Ky, C, and C,,

2. -1.719x"-C.847y ‘+1.1253° =<l .572 passing through
C1, CZ and C3’

3. 3.56Lx'-0,588y'-2.969z = 3.34L1 is the equation of
$he the mesn plane through the atoms 02, CB, 01 and 02.
In 21l these equations x', y'snd z'sre stomic co-ordinstes
in R with reference to the orthogonal axes a, b‘and ¢'such
that ab plene and sb‘plane are the sgme. The normal
distences of Oy, 0, end C, are 0.022% and of ¢; -0.0231

from the mesn plane.

C -Ala e

1. 0.623x"-0.054y'+2.1192 = 3.528 passing through
N, C1 and CZ’
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2. =-1.846x'-0.889y '+ 1.0152'= =5.158 passing through
C1, C2 and 03 and

3. 3.670x" -0.640y’ -3.042z°'= 3,748 is the egustion
of the mean plane passing through the atoms 02, CB’ 0,
and O, where x', y'and z'have the seme significance ss in
Nickel f-Alanine., The normsl distances of ¢y, 0, &nd O,
are -0.016A from the mean plane and of C3 +0.015A,

The angles between the planes represented by
equations 1 and 2 is 73.7° in Ni R-Algnine and 78° in
Co F-Alanine (70° in Copper f-Alanine, 6H,0; Tomita,1961).
The angle between the planes given by 2 and 3 is 30.3° and
32.8° respectivelyin Nickel sndCobalt complexes. These
indicate that f-Alanine molecule has the gauche
as well  n gtale.

configuration in the complexes snd as free eeid. (£3.8° and
833,

DISCUSSION

Molecular structure:

The intremolecular bond lengths and bond angles
are normal within experimentsl error. Two nitrogen stoms
and two carboxylic oxygens (one from each B-Alsnine
molecule) fotm & square planer transconfiguration around
the metal, 3imilor trangconf_gurations are formed in the
complexes Copper f-~Alanine hexahydrste (Tomits 1961)
bis(f-Aminobutyrsato) Copper II dihydrate, Copper-
Proline dihydrate. But in the structures of Copper
glycine monohydrate (Tomita and Nitta 1961) snd Nickel
di a-amino isobutyrate tetrahydrate (Noguchi, 1961) the

chelation of the amino acids is of the cis form.
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Together with the two water molecular oxygens the

nitrogens snd carboxylic oxygens form an octshedron

around the metsl as indicated in the figure below. This

is similar to the structures of Nickel glycine dihydrate

(Stosick 1945) Kickel di a-aminoisotybutyrate tetra-

hydrate (Noguchi 1962)

3(H20)

In these complexes the distortion from octahedrsl

symmetry is very slight 8s can be seen from the distsnces

given below:

Me-0

Me-O(HZO)

Heference

T EmT S e e e e e e e e m e o m e ™ e o e e e e e e e -

Nickel- °
glycine.ZHzo 2.09A

Nickel di-
oa~-gmino iso-
butyrate,hHZO 2.10

Ni-f=-Alanine. 2.096

Co-f=-Alanine.
ZHZO 2.143

2.01
2,140

2.129

2.14
2.167

2.094

Stosick (10L5)

Noguchi (1962)

Prezent work

Present work
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In the copper complexes of amino acids, however, the
octahedra are very much distorted with the water oxygen
atoms st about 2.51, hitrogen and Csrboxylic oxygens at
about 2.0A from the metal ion. These distsnces for some

copper complexes are listed below:

Me-N Me-0 Me-O(Hzo) Reference
Copper f-
Alanine. 6H,0 2.0LA 2.01A 2,538  Tomits (1961)
Copper Masthieson and
Proline. 2H,0 1.99 2,03 2,52 Welsh (1952)
big-(f-amino- Brysn, Poljak
butyrate) and Tomitas
Copper II.26,0 1.99 2.00 2.45  (1961)

The almost regulsr octahedral arrangement of ligsands
in the nickel and Gobalt complexes and the distorted
octahedral arrangement is the case of copper co:plexes are
in accord with the theoretical considerstions put forward
by Orgel (1952) bssed on the crystal field theory and
Jahn-Teller effect (Orgel and Dunitz 1957).

Crystal structure:

The projections of the structure, viewed along
¢ axis and along & axis are shown in figures VII-2 snd
VII-3 resrectively. The intermoleculsr distsnces for
Nickel P-Alanine dihydrate are indicated in these figures,
and are, for both the compounds, listed in tsble VII.3.
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TABLE - VII.3

Contact Ni B-Alanine Co R-Alsnine

- e e e e e e ae e e e e em e e wm e e o e em e e e e e

0,(x,y,2)-05(%,¥,2-1) 2.7140.03A 2.72+0.03RK
N(x,y,z)-OB(i,§,1-z) 3.12+0.04 3.25+0.04
Oz(x,y,z)-03(2,1-y,§) 2.63+0.03 2.69+0.03
N(x,y,2)-0,(x,y-1,2) 3.11+0.0% 3.05+0.0L
C,(x,y,2)-0,(1-x,1-y,%) 3.47+0.04 3.54+0.04
Colx,y,2)-0,(1-x,1-y,%) 3.62+0.0L 3.65+0.04
C,(x,7,2)=Co(1-x,1-7,3) 3.99+0.06 3.99+0.06
Colx,y,2)=Chl1-x,1-y,1-2) 3.55+0.06 3.52+0.06
Cz(x,y,z)—C1(1-x,1-y,§) L.32+0.06 L.59+0.06
C1(x,y,z)-C1(1~x,?,§) 3.77+0.06 3.69+0.06
C1(x,y,z)-C2(1—x,1-y,1-z) 3.95+0.06 3.99+0.06

Nitrogen atom of one molecule makes three short

contacts with oxygen stoms in the neighbouring molecules

N-Oa(i,y,i)(side of the octshedron sround the metsl atom),

N-OB(R,?,1-2) and N-O,(x,y-1,2z). The angles which these

bonds make with the C1—N bond snd Ni-N bond are listed

in Tagble VII-L4,



Contact Angle
Ni-N-C, 116,2 + 1.9°
Ki-N-0,(x,y-1,2) 82.9 + 1.0°
Ni-H-0,(%, ¥, 1-3) 96,0 + 1.1°
Ni-N-04(%, ¥, %) 6.0 + 0.6°
C1-N-02(x,y-1,z) 103.3 + 1.7°
c1-n-03(2,y,1~s) 147.6 + 1.9°
c1~x:-o3(i, ¥, z) 100.6 + 1.7°
Oz(x,y-1,z)-N-03(k,?,§) 51.3 + 0.6°
05(x,y=1,2) -N=04(%,¥, 1-2) 86.4 + 1.0°

If the arrangement of the bonds around Nitrogen is
assumed to be tetrahedrsl then the angles which N-OB(R,y,E)
makes with the other bonds show wide variations from the
tetrahedral value, except C1-N-O3(2,y,§) (100.6°). This
may be due to the fact that N-OB(i,y,i) is @ side of the
octahedron around the metal, The contacts N-0,(x,y-1,2)
and R-03(2,9,1-z) moke angles which are reasonably close
to the tetrahedral angle. It would therefore, appear
likely that N-O,(x,y-1,2z) and N-OB(i,9,1-s) are the
possible hydrogen bonds,

The configuration of the bonds around the water
moleculer oxygen is shown in figure VII.4 and the verious

angles are listed in table VII.S.
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NG
i
gsa.-'h?\)
Fc_?. VIi- 4
TABLE -VII,5
Contact Angle
w1-03(2.167%) and oB-N(s.wzi) 42.0 + 0.5°
n1-o3(2.167i) and 03-02(2.63K) 9L.O + 1.1°
Ni-04(2. 167%) end 03-o1<2.71i) 50.5 + 0.6°
3(2 .63%) and 03-01(2.71R) 140.7 + 1.2°
o 05(2.71k) and 04-N(3.12K) 60.7 + 0.8°
2=0;3(2. .63%) &snd 0 37N (3. 121) 118,5 + 1.1°
02-03(2.63X) and 0 3-0 (3.03%) (side 79.6 + 1.0°
of the
octahedron)

N1-03(2.16K) and 03-01(3.031) L4.9 + 0.6°

|+
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In view of the large deviations of the angles from
the tetrshedrel vslue it is rather difficult to decide
as to which of these contacts are the hydrogen bonds
though the interatomic distances 04~0, (2.71% and 2.72%)
and 03-02(2.63K in Ni B-Alanine and 2.69% in Co B-Alanine)
suggest thst these are the hydrogen bonds.

Pack [*) lecule

The nickel and cobalt Pf-Alsnine dihydrate units are
held in a stable layer structure pardlel to (100) plsne
by the hydrogen bonds N-0,(x,y-1,2), 01-03(x,y,z-1) and
02-03(i, 1=y, %). The stacking of the layers normsl to
(100) plane is governed by Van der Waal's bonds of the
type CH2-0H2 and CHz-O. The layer structure is similasr
to those found in Nickel glycine dihydrate (Storick 1945) ,
Copper Proline dihydrate (Mathieson and Welsh, 1952), snd
bis(f-amino butyrate) Coprer II dihydrste (Brysn, Poljak
and Tomita 1961),

Thermal vibration of the molecules

On comparison of the B values for the three
projections (Table VI3, Chapter VI) it is seen that the
B vialues for okl reflexions are in general smaller than
those for the hko and hol reflexions. This indicstes that
the amplitude of thermsl vibration is larger in a
direction normsl to the layers of molecules i.e. roughly
along the a axih (figure VII-2)., This direction coincides
with the direction of maximum vibration of #ickel and
oxygen atoms 0, ond O, (figure VI-6) in the difference map.
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of (001) projection., From the structure projected on (001)
(figure VII,2) the absence of any bonds in this direction
can be seen. This accounts for the larger thermal

vibration of the molecules in this direction.
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APPENDIX

The observed and cslculated structure factors are
given for the structuresof p-Alanine, Nickel P-Alanine
dihydrate snd Cobalt B-Alanine dihydrate. For the
unobserved reflexions the estimsted minimum observable

values have been given.
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h k 1 [Fgl F h k1 [Fs| F,
6 8 0 <12 3 g 1 1 <22 -6
8 8 O <6 6 c 2 1 31 -38
10 &8 0 10 -8 1 2 1 36 “37
2 9 0 27 -22 2 2 1 L7 -57
L G O 18 17 3 2 1 56 52
6 ¢ 0 <12 8 L 2 1 54 -48
010 © 16 13 5 2 1 36 =41
210 0 2L 27 6 2 1 30 -28
L 10 O <12 -5 7 2 1 21 16
6 10 © 28 26 8 2 1 <23 =14
8 10 © 16 12 9 2 1 L1 30
211 0 14 15 1 3 1 48 -58
L 11 O 19 18 2 3 1 7 -15
012 0 35 36 3 3 1 19 16
6 13 © 12 -1L L 3 1 16 -10
813 0 12 11 5 3 1 10 -7
014 0 <17 -1 0 4 1 38 -42
016 0 21 -25 1 L 1 25 2L
11 1 L3 59 2 L1 56 -56
2 1 1 10 -9 3 4 1 3L 35
301 1 Z14 L L & 1 22 -21
5 % 1 2L -25 6 4 1 13 -0
6 1 1 15 -15 1.5 1 29 -36
7 1 1 29 25 2 5 1 15 15
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h k1 |’ P h k 1 .75 S
5 5 1 11 9 115 1 21 -16
7 5 1 37 31 0 0 2 6L 108+
0 6 1 13 12 1 0 2 31 39
1 6 1 26 -25 2 0 2 66  -80
2 6 1 <12 2 3 0 2 22 18
L 6 1 15 11 b 0 2 32 -32
1.7 1 17 15 5 0 2 21 22
2 71 18 16 6 0 2 20 -18
5 7 1 24 18 7 0 2 1w -6
7 7 1 33 -23 8 0 2 <13 2
0 8 1 30 36 1 1 2 12 9
1 8 1 35 -42 2 1 2 27 22
2 8 1 35 33 31 2 <9 -6
3 8 1 20 -18 L 1 2 <9 - b
L &8 1 19 18 5 1 2 27 -22
1.9 1 19 16 6 1 2 <10 -1
5 9 1 13 15 71 2 <13 -4
010 1 <16 € g8 1 2 22 23
110 1 23 20 0 2 2 <& -1
012 1 <17 -1 1.2 2 12 8
112 1 25 27 2 2 2 29 -2
0 1k 1 <17 -7 3 2 2 21 -16

Reflexions marked (%) appear to suffer from extinction.
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cture

f-Alanine. 21,0

II, Table of Observed and Calculated Stru
Factors for Nickel
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ITII. Table of Observed and calculated Structure
Factors for Cobalt B-Alanine,ZHzo

h k 1 [Fol  F, h k 1 r. T
2 0 O* 6 -7 L 10 8 8
3 00 16 23 T 10 <3 1
L 0 O 19 20 6 10 10 10
5 0 0 15 15 7 10 <5 b
6 0 O <5 1 g€ 1 0 £ 2
7 00 <5 =2 0 1 0 é 7
8 0 0 12 13 0 2 Ox 14 12
9 0 0 12 11 1 2 © 3 1
10 0 0 <6 2 2 20 6 -4
0 1 Ox 15 13 3 20 13 14
1 1 O 9 . 7 L 2 0O 30 30
2 1 O 28 36 5 2 0 18 18
3 10 9 12 6 2 © 9 8
L 1 0 13 13 7 2 0 10 9
5 1 0 25 25 g8 2 0 10 11
6 1 0 12 13 + 2 0 A L
7 1 0 10 11 2 20 12 =13
g8 1 0 11 9 3 2 0 9 o
9 1 0 <6 L 2.0 29 32
330 28 - 2 T--2—0 2L 25

For the reflexions marked (*) the|F (end F_

values for CuK  radistion are given.
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