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SECTION I

INTRODUCTION

Mixtures of l-methyl-3-ethylimidazolium chloride, MEIC1,
and AlCls, where mole fraction, N, of AlCl3 is between 0.33 and
0.67, are molten salts at and well below room temperature 1.2
Pure MEICl has a melting point of 87°C. These melts are of
interest as electrolytes in high energy-density batteries 3,
as solvents for studying ionic complexes ®, and as catalytic
solvents for organic reactions ®. The potential utility of
these melts has prompted studies into the nature of the ionic
interactions in the melts.

IR spectroscopy 7 recently showed that the MEI* ion
interacts with Cl° ions present in basic melts (N < 0.5) at the
C2, C4, and C5 positions shown in Figure 1. This result
contrasts with the ion-pair model in which Cl1™ is hydrogen
bonded solely at the C2 position. An alternative model was
suggested but not satisfactorily demonstrated in which the MEI*
ions are stacked parallel to each other with Cl™ and Alclf
anions positioned such that Cl™ can interact with 511 three
ring C-H bonds. Since the IR spectra of solid and liquid
(90°C) MEICl were shown to be very similar, the x-ray crystal
structure analysis of MEICl was undertaken to provide

additional insight into the nature of MEI''"°'Cl” interactions

in molten salts.




c7 N4

Figure 1. Structure of one of the four MEI' ions in the
asymmetric unit.




SECTION I1I

EXPERIMENTAL METHODS

Solid MEICl was prepared in airless glassware as described
previously 1 except that the solvent of recrystallization was
acetonitrile rather than ethyl acetate, a procedure which
enhanced crystal quality. About 3g of the crystals were placed
under vacuum in a He-filled dry box and periodically weighed to
monitor loss of any acetonitrile or unreacted reactants which
might be adsorbed on or occluded in the crystals. After 5 days
of pumping, the weight loss on overnight standing (15 hours)
was only about 0.3 mg. The total weight loss over 9 days was 25
ng.

A small irtegulatly shaped crystal of MEICl was mounted in
a glass capillary under dry box conditions. Preliminary
examination and data collection were performed with MoKa
radiation ( A= 0.71073 A on an Enraf-Nonius CAD4 diffractometer
equipped with a graphite crystal incident beam monochromator.

Cell constants and an orientation matrix for data
collection were obtained from least-squares refinement, using
the setting angles of 25 reflections in the range
5.0 < 8 < 16.3° , measured by the computer cohtrolled diagonal
slit method.of centering. The orthdrhombic cell parameters and
calculated volume are: a = 10.087(1), b = 11.179(1),

c = 28.733(4) A, v = 3240.0 A’. For z = 16 and FW = 146.62,
the calculated density is 1.20 g/cm3, which compares with the
measured density of 1.204 +/- 0.004 g/cm3 obtained by flotation

in a benzene/carbon tetrachloride mixture. Omega scans of




several intense reflections were measured at a take-off angle
of 2.8°. The width at half-height was 0.85°, indicating poor
crystal quality. From the observed systematic absences and
subsequent least-squares refinement, the space group was
determined to be P212121 (% 19).

The data were collected at room temperature using the w-6
scan technique. The scan rate was calculated from the results
of a fast pre-scan, and varied from 0.69 to 2.78°/min (in
omega). Data were collected to a maximum 26 of 50.0°. The
scan range was determined as a function of © to correct for the
separation of the Ka doublet, and ranged from 0.9 to 1.1°.
Horizontal and vertical aperture widths were set at 2.0 and
4.0 mm, respectively. The diameter of the incident beam
collimator was 0.4 mm and the crystal-to-detector distance was
21 cm. For intense reflections a zirconium foil with an
attenuation factor of 12.06 was automatically inserted in front
of the detector.

Three representative reflections were measured every 30
min as a check on crystal and electronic stability. The
intensities of these standards remained constant within
experimental error throughout data collection. Despite the
extreme hygroscopic nature of the compound, the crystal
remained intact throughout the data collection and no decay
correction was applied. We collected 3284 unique reflections.
Lorentz and polarization corrections were applied to the data.
The linear absorption coefficient is 3.9 cm™' for MoKa

radiation and no absorption correction was made.




The structure was solvgd by direct methods °. a1l

non-hydrogen atoms were located in an E-map prepared from the
phase set with the highest confined figure of merit. Hydrogen
atoms were located and added to the structure factor
calculations but their positions were not refined. The
structure was refined by full matrix least-squares 1% where the
function minimized was tw(lFol—IFcl)2 and the weight w is
defined as the reciprocal of the standard deviation on Fo,
squared. Atomic scattering factors were taken from Cromer and

11

Waber and the values for Af’ and Af" were those of

Cromer .

Eight hundred and sixty five reflections having
intensities greater than 3.0 times their standard deviation
were used in the refinements. The final cycle of refinement
included 159 variable parameters and converged (largest
parameter shift was 0.07 times its estimated standard
deviation) with unweighted and weighted agreement factors of
0.10 and 0.13, respectively. The standard deviation of an
observation of unit weight was 3.63. The highest peak in the
final difference Fourier map had a height of 0.44 e/A’ with an
estimated error based on AF of 0.10, while the largest
negative peak had a height of 0.41 e/A’.

Fractional coordinates and equivalent isotropic thermal
parameters for the 36 nonhydrogen atoms are reported in

Table 1.




MEI*(1)

MEI*(2)

MEI*(3)

Table 1

Fractional Coordinates and Equivalent Isotropic Thermal

Parameters and Their Estimated Standard Deviations

Atom
N1
c2
N3
c4
cs
ol
c7

cs

N1l
Ci2
N13
Cl4
C15
Clé
C17

C18

N21
c22
N23
C24

o O O O O o

o

o O o o

X

.834(3)
.758(3)
.680(2)
.701(3)_
.804(3)
. 944 (3)
.913 (4)
.581(3)

.065(2)
.118(3)
.072(2)
.019(3)
.044 (4)
.090(3)
.008(4)
.129(3)

.752(3)
.813(3)
.783(2)
.685(3)

o O O o

o O o o

o O O o

X

.673(2)
.742(3)
.800(2)
.765(2)
.680(3)
.599(3)
.478(4)

.883(3)

.014(2)
.054 (3)
.050(2)
.047 (3)
.078(3)
.052(3)
.032(3)
.121 (3)

.289(3)
.366(3)
.340(2)
.250(3)

o O O o

© O O O o o o o

o O O o

z

.5846(8)
.562(1)
.5907(7)
.6355(8)
.6325(9)
.568(1)
.568 (1)

.577(1)

.4069(8)
.3799(9)
.3393(7)
.334 (1)
.381(1)
.460 (1)
.481(1)
.2984(9)

.341(1)
.3668(9)
.4104(7)

.4096(9)

B(a)"
6.3(7)
7(1)
4.8(6)
3.4(6)
5.6(8)
8(1)
15(2)

6.3(9)

5.5(7)
5.3(8)
5.0(6)
6.4(9)
9(1)

6.8(9)
11 (1)

6.1(9)

9.4(9)
6.0(9)
4.1(6)
4.8(8).




. MEI'(4)

c25 0.671(4)  0.217(3)  0.364(1) 9(1)
C26 0.807 ® 0.250 * 0.285 * 12(1)
c27 0.723 * 0.279 * 0.262 * 16(2)
c28 0.822(3) 0.398(2) ~ 0.4538(9) 5.0(8)
N31 0.642(2) =0.060(2)  0.1583(7)  4.0(5)
C32 0.565(2) =-0.001(2) 0.1866(8)  3.0(6)
‘N33 © 0.482(2) 0.063(2) 0.1623(7) 3.7(5)
c34 0.495(3) 0.043(3)  0.1169(9)  4.4(7)
c35 0.589(3) =-0.039(3)  0.115(1) 5.0(8)
c36 0.764(3) =0.145(3)  0.167(1) 7(1)

c37 0.714(3) =~0.232(3)  0.197(1) 8(1)

c38 0.390(3) 0.154(3)  0.184(1) 7(1)

CL1 0.2339(9) 0.7793(8) 0.5556(3) 5.8(2) *
CL2 0.476(1)  0.9408(8) 0.7042(3) 6.6(2) *
CL3 ‘-0.173(1) 0.8055(8) 1.0402(3) 6.6(2) *
CL4 fb.466(1) 0.9774(8) 1.3019(3) 6.4(2) *

* An asterisk indicates that the atoms were refined
anisotropically and are given 4in the form of the
isotropic equivalent thermal parameter defined as:

(4/3) [a®B,; + Db°B,, + c’B,, + ab(cosY)B,, + ac(cosB)B, +
bc (cos@ B,,] .

* Parameter was fixed during the final cycle of

least-squares refinement.




SECTION III

DISCUSSION

A. MEI' Cation

The asymmetriC'uhit consists of four MEI*'"'Cl” ion pairs.
Figure 1 shows a view of one of the four substituted
imidazolium ions. The endocyclic bond distances and angles in
the four MEI' ions vary markedly from ring to ring (1.21-1.51 A
and 101-114°). The exocyclic alkyl groups are attached to the
ring with bond distances of 1.43-1.74 A. 1In MEI'(2) and
MEI*(4) ions, the beta carbon of each ethyl substituent is
above the mean plane of the five-membered ring, with torsion
angles (C12-N11-C16-C17 and C32-N31-C36-C37) of 96.3 and 55.7°,
respectively, while in the MEI*(1), the beta carbon is below
the ring, with a torsion angle (C2-N1-C6-C7) of -107.3°. The
ethyl substituent of the fourth cation (MEI'(3)) is
disordered. This observation simply reflects the poor crystal
quality of these molten salts precursors. Table 2 summarizes

the pertinent bond distances and angles and dihedral angles.

B. Unit Cell

As shown in Figure 2, the ion pairs pack into the unit
cell in ways similar to both planar molecules and simple
inorganic salts. The MEI' ions cluster in four distinct layers,
perpendicular to the c-axis, with interlayer separations of
6.741-7.568 A as defined by the average distances between ring
centroids. Each of these layers has one of two possible
repeating patterns. The first pattern, found at about z = 0.13

and 0.87, consists of groups of three ions with their ring




Table 2
Bond Distances

"Bond  MEI(1) MEI(2) MEI(3) MEI(4) Average

N1-C2 1.27(5) 1.21(4) 1.29(4) 1.30(3) 1.27
C2-N3 1.32(4) 1.25(3) 1.33(3) 1.31(3) 1.30
N3-C4 1.36(3) 1.43(4) 1.41(4) 1.34(3) 1.39
c4-C5 1.42(4) 1.42(4) 1.36(4) 1.32(4) 1.38
C5-N1 1.42(4) 1.51(4) 1.33(5) 1.38(3) 1.41
N1-C6 1.46(4) 1.61(4) 1.74(3)* 1.57(4) 1.55
C6-C7 1.39(5) 1.49(5) 1.14(4)*% 1.40(4) 1.43
N3-C8 1.43(4) 1.53(4) 1.46(4) 1.51(4) 1.48
Bond Angles
Angle MEI(1) MEI(2) MEI(3) MEI(4) Average
C2-N1-C5 110(3) 107(2) 113(3) 105(2) 109
N1-C2-N3 109(3) 114(3) 107(3) 109(3) 110
C2-N3-C4 112(2) 113(2) 107(2) 112(2) 111
N3-Cc4-C5 105(2) 105(2) 101(2) 106(3) 104
C4-C5-N1 105(2) 103(3) 105(4) 110(2) 106
C2-N1-C6 129(3) 135(2) 123(2) 132(3) 130
C5-N1-C6 121(2) 118(2) 120(2) 123(2) 121
C2-N3-C8 124(2) 124(2) 132(2) 123(3) 126
C4-N3-C8 124(2) 123(2) 121(3) 125(2) 123
N1-C6-C7 112(4) 96(2) 104(1) 104(3) 104
Dihedral Angles
Angle MEI(1) MEI(2)  MEI(3) MEI(4)
C2-N1-C6-C7 -107(4) 96(4) -118(3) 56(4)

*
Omitted from the average bond distance.




The c-axis
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Stereoview of the MEIC1l unit cell.
is vertical and a is horizontal.

Figure 2.




normals positioned midway between and parallel to ab cell
diagonals. Within a layer, each molecule is separated from its
neighbor by 3.792-4.091 A measured along the diagonal, while
the edge-to-edge separation is 7.381-7.704 A. The layer at

z = 0.87 is rotated 90° from the z = 0.13 layer.

The second pattern is found at z = 0.37 and 0.64 and is
composed of rows of five cations separated from neighboring
rows by 7.381-7.704 A. The middle layers differ in orientation
in the same manner as do the first and last layers.

The Cl1™ ions are arrayed throughout the unit cell as shown
in Figure 3. As described for the MEI' ions, the arrangement
is a layered one, comprising four different patterns of anions.
The first two patterns at z = -0.05 and 0.05 are related by
space group symmetry, each consisting of a pair of Cl ions
situated approximately on ab cell diagonals. The third and
fourth patterns are found at z = 0.30 and 0.70, the former
consisting of four ions located approximately on the ac and bc
faces of the unit cell, while the latter is comprised of a
plane of five ions, one close to each cell edge and the fifth
approximately in the center of the cell. These four patterns
occur cyclically along the c-axis, the first occurrence of the
first and second patterns being split by the bottom ab face of
the unit cell. The fourth pattern occurs after this, followed
by the third. 1In the center of the cell, the first and second
patterns repeat, after which the third and fourth patterns

repeat, and so on.

11




Figure 3.
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Stereoview of the arrangement of Cl1~ ions in
the unit cell. The c-axis is vertical and a

is horizontal.
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C. Interlayer Interactions

The layered structure evident in the unit cell can be
extrapolated to characterize the overall structure of the MEIC1
crystal. The layers of Cl ions lie between the MEI® layers to
form the complete structure as shown schematically in
Figure 4. 1In tﬁis figure, the 1arge circles and lines
represent the MEI' ions and the smaller circles the Cl” ions.
Thicker lines and larger circles (closer to the viewer) are
used to suggest the perspective. The direction of the stacks
in a layer is rotated 90° from the direction of adjacent
layers.

The relative orientations and connectivity of the layers
are suggested by the drawing in Figure 5. 1In this drawing, the
cations are shown arranged in rows (designated a through h) in
which the MEI' rings share a common plane (see the

corresponding row enclosed in the dashed rectangle in

Figure 4). The rows in the plane of the drawing (a, c, e, and
g) represent a cross section of the layers formed by the
staggered stacké of MEI* running parallel to the plane of the
drawing. The alternating rows running perpendicular to the
plane of the drawing (b, d, £, and h) represent a similar

cross section. The heavy dashed line (the c-axis of the unit
cell) is at the intersection of these two cross sections. Note
that the rows labelled a and e are equivalent. The light

~ dashed lines connect Cl™ and MEI' ions which are nearest
neighbors. By examining the C1” ions on the intersection line,

we can see that each Cl™ interacts with three MEI' ions, two of

13




Figure 4.
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Schematic representatlon of layers of MEI' stacks with adjacent
Cl” ions. (a) Top view, (b)(c) Side views. Large circles and
lines represent MEI' ions and the smaller circles the Cl™ ions.
The dashed rectangle in (a) encloses a row of MEI' rings which
share a common plane.
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which share a plane which is perpendicular to the plane of the
third. Also, each MEI' is associated with three nearest Cl-

ions which are in the same plane as the MEI' ring.

There are two rows of Cl ions associated with each row of

+

MEI" ions. One has Cl ions interacting with just a single

ring carbon atom (alternating between C2 and C5) of the MEI'

ion in an associated row, while another (on the side of the

+

MEI" row) has each Cl interacting with ring carbon atoms from

two adjacent MEI* ions in the row. 1In Figure 5 these would be
the top and bottom Cl™ rows, respectively, interacting with row
(a) of MEI' ions. These rows are drawn with uniformly spaced
Cl” ions; however, in the crystal the spacings are alternately
large and small. 1In the top row, the Cl™ ions interacting with
C2 are directly above the MEI', while those interacting with C5
are forced to shift in the direction of the C5-H bond and as a
consequence away from positions directly above the MEI*. 1If
the interaction of C1” with MEI' were non-specific, the Cl-
ions would be expected to be uniformly spaced to achieve
maximum separation. This uneven spacing is seen as evidence
for C1™ ions interacting specifically with MEI® through
hydrogen bonding.
D. 1Ion-Ion Interactions

Figure 5 shows that the stack model in which Cl™ ions are
positioned between stacked MEI' ions is not supported by the
crystal structure and that the C2-H ''Cl™ hydrogen-bonded
ion-pair model is preferred. The dominant feature of the

triple interactions of each ion in the structure is illustrated
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in Figure 6. These figures were abstracted from the
stereoscopic view shown in Figure 2. The distance of a Cl
from ? ring carbon atom averages about 3.55 A, ranging from
3.34 to 3.80 A. This is in good agreement with the accepted
criteria fo: C-H ''Cl hydrogen bonding . Howéver, the fact
that the C1  ions are situated in potential hydrogen-bonded
positions (C-H "'Cl” angle ranges from 132 to 167°) rather than
at random strongly suggests this interaction to be hydrogen
bonding. Further evidence for a hydrogen-bonded interaction is
provided by ring C-H stretching bands which shift to lower
frequencies (by about 100-150 cm™!) and become broader and more
intense as more Cl is present in basic MEICl/AlCl3 melts .
Thus, the C2-H'''Cl” hydrogen-bonded ion pair model should
account for C-H "'Cl™ type interaction at all three ring carbon
atoms.
E. Arrangement of Alkyl Substutuents in Stacks

In the stacks of MEI' ions, the ethyl and methyl groups
are arranged in a pattern which is shown by the stack of 5 MEI'
ions at z = 0.65 going from the left rear to the right front
(Figure 2). Starting with the right front MEI* and going back,

the direction of the ethyl groups from the ring center is

Down - Right ~ Left - Up - Down

equivalent

17




Figure 6.
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® cL1 C2 cs5
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(&)

Abstracted views from gig. 2 showing (a) interactioq.of cl
with three nearest MEI  ions, (b) interaction of MEI with
three nearest Cl™ ions.




If we go to the stack just belo& it at z = 0.35 that runs from
left front to rear right, the order of the direction of the

ethyl groups is

Right - Down - Up - Left - Right

L J

equivalent

This second order can be visualized as resulting from rotating
through 180° around the axis of the stack first described.
Another way of describing the ring orientation is to give the
order of rotations around the stack axis that successive MEI*
ions undergo. The sequence‘of rotations is: -90°, 180°, 90°,
180°, -90°, 180°, 90°, 180°, -90°, etc. Any sequence of MEI''s
stacked in the unit cell follow this order of relative
orientations.
F. Arrangement of Alkyl Substituents in Rows

The rows of MEI' ions in which they share the same plane
(as shown in Figure 5) have a simpler sequehce of relative
orientations. It is: 90°, -90°, 90°, -90°, etc. Thus each
MEI" in a row is rotated 90° from its two adjacent MEI' ions,
and every other MEI' ion (or alternating MEI'’s) have exactly
the same orientation.
G. Extension of Model to Liquid Phase

The shift in frequency and broadening of the MeI' ring
C-H stretching band observed in basic MEICl/AlCl3 melts ' is

certainly consistent with the aforementioned hydrogen-bonding
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model. An equally compelling observation is the comparison of
the IR spectra of solid and liquid MEICl shown in Figure 7.

This previously presented 12

but unpublished result supports
the conclusions that the interactions with Cl™ affecting the
ring C-H stretches in MEI' are virtually the same in the solid
and liquid phases of MEICl. The presence of AlCI; in basic
melts may alter the MEI'""'Cl” interaction only slightly since
the peaks of the ring C-H stretching bands in liquid MEICl1l and
basic MEICl/AlCl3 melts are also virtually the same ("the Cl
interaction band"is at 3049 cm™ ’). Thus the MEI*"'Cl’
interactions in basic melts are characterized as
hydrogen-bonding of C1° at the three ring C-H bonds.
H. Conclusions

The structure of crystalline MEIC1l is characterized by
layers containing MEI' ions interspersed with layers of Cl~
ions. The directions of the stacks in adjacent layers are
rotated 90°. Each MEI' ion appears to be hydrogen bonded to
three nearest Cl™ ions. The results suggest that in basic
MEICl/AlCl3 molten salts, the Cl1” ions also interact with MEI®

by hydrogen bonding at the three ring carbon atoms.
See Appendix A for listing of anisotropic thermal parameters

for C1° (1 page); see Appendix B for a listing of observed and

calculated structure factor amplitudes (5 pages).
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Figure 7. FTIR spectra of solid and liquid MEICl. Liquid MEICl sample
was a thin film between NaCl plates with no spacers. Spectra
recorded on an IBM IR/32 FTIR spectrometer
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CLl
0.002(5)
CL2
0.000(6)
CL3
-0.014(6)
CL4
-0.014(5)

Table of General Displacement Parameter Expressions - U's

u(1,1)

0.087(7)

0.105(7)

0.100(7)
0.105(7)

Appendix A

U(i,Z)

0.071(6)
0.076(6)
0.086(7)
0.089(6)

U(3,3)

0.062(5)
0.072(5)
0.064(5)
0.048(5)
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0.013(6)
~0.022(6)

0.013(7)
~0.017(7)

0.008(5)

-0.012(6)

0.002(6)
0.017(5)




Values of 10#Fobs and 10#Fcalc
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Fobs Fcale SigF
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1605
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160
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213
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336
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973
416
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1165
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Appendix B

Fobs Fcalc SigF

489
21
521
332
456

182 .

124
643
KL}
192
164
321
218
147
159
1337
a
109
281
286
212
194
147
192
224
297
202
282
163
336
191
n
212
238
K]
451
152
212
187
219
310
141
222
209

563
21
648
253
439
163
170
488
32
241
139
325
174
63
53
1303
416
83
315
294
353
154
167
214
216
308
228
218
153
329
176
475
209
244
320
425
164
186
166
262
31t
129
236
225

10
11
10
K]
"
1
18
13
13
15
18
14
15
20
2

10
15

10
12
13
17
14
13
13
16
12
21
12
10

1t
12
13
15
22
10
12
1)
10
18
12
4

H K L Ffobs
0 618 303
0 622 189
0 625 161
07 2 312
073 A%
076 M
0 741 219
0 712 134
0 714 1718
0 716 213
0 718 416
0 8 0 289
08 1 24
0 810 147
0 813 145
0 816 195
0 824 186
0 912 163
0 913 230
0 916 185
010 2 200
010 3 29%
01011 193
t 0 2 158
1 0 3 35
10 4 429
10 5 661
1 0 6 468
1067 128
1 08 395
1 09 53t
t 010 14
1 011 38
1 012 234
1 014 223
1 015 280
1t 017 328
t 620 200
1 022 264
1 025 206
110 301
1 11 196
112
1 13 158

25

Fcalc SigfF
29 1
15 17
202 2
e 15
21 15
502 15
205 13
13 20
166 17
187 15
19 13
283 1
205 13
W 2

g6 2
210 16
185 19
3 19
202 14
141 17
175 16
281 17
185 17
144 1
307 6
Kk} 6
641 &
313 7
13t 10
380 10
578 9
19 12
420 12
187 9

- 230 9
276 9
318 13
200 13
282 12
20 17
330 ]
663 4
409 6
812 5
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Page

fobs Fcale SigF

498
764
540
2210
503
166
264
316
264
1220
307
637
132
334
176
34
21
150
180
299
598
218
299
625
570
233
378
168
340
312
163
173
308
222
230
159
143
1357
231
388
472
1615
487
998

a8s
134
497
2192
442
142
213
337
258
1190
316
627
107
359
165
344
259
134
208
365
538
1
319
587
691
260
385
147
316
292
158
234
308
21
179
138
648
1368
230
348
642
1424
472
923




Values of 10%#Fobs and 10%#Fcalc

H K L Fobs Fcalc SigF
1t 38 200 213 9
139 258 256 10
1 310 185 192 10
131 1 92 16
1 312 200 220 10
1 313 408 387 12
1 314 129 163 16
1 316 765 738 11
1 316 230 210 1
1 317 238 196 11
1 318 158 165 16
1 320 192 163 15
1 323 288 212 N
1 330 158 90 20
1t 4 0 735 698 8
1 4 1 844 758 8
1 4 2 3% 33 12
1 4 3 396 346 1
1 4 4 382 358 11
t &7 181 219 10
1 4 8 55 573 10
1 4 9 6815 827 I
1 410 403 389 12
1 411t 658 602 1t
1 412 603 553 11
1 413 517 413 12
1 414 164 162 14
T 415 286 236 9
1 417 339 295 13
t 418 228 208 12
1 420 215 292 13
160 12 % 15
1 8§t 251 200 9
16§ 2 228 238 9
t 53 350 35 13
1 56 4 128 9%5 W
16517 132 8 14
1 68 140 140 14
1t 510 163 1711 13
1 5§12 219 266 1t
1 513 223 10 W
1 5614 267 26 12
1 516 26 210 13
1 518 219 200 14
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192
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162
265
178
185
215
141
143
182
146
169
174
156
264
450

1057

601
173

Fcalc Sigf
136 20
164 17
144 20
am u
634 1N
501 12
464 12
236 12
268 13
32 15
48 4
544 13
211 13
33 16
137 16
151 16
212 14
220 14
200 19
121 2
130 16

87 16
307 15
158 19

99 19
178 19

83 2

9 20
222 12
206 16
214 19
281 12
16 2
9 22
159 18
135 21
258 19
192 19
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262 8
428 6

1074 5
608 6
194 9
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Fobs

125
827
266

1434

147
140
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172
528
226
122
285
821

1158

497

1110

408
473
293
196
431
219
178
164
374
452
141
156
143
323
172

31719
1650
1331

286
405
509
634
106
947
333
260
334
440

Fcalc SigF
94 10
174 l
210 11
1386 8
186 12
168 17
149 13
208 16
599 15
20 14
91 9
240 10
701 6
1123 6
485 8
1021 1
383 10
446 9
21 10
249 10
406 1N
220 10
166 11
149 12
41 13
434 14
"y 16
183 18
102 19
21
121 18
4142 6
1669 6
1359 6
N n
47 10
534 9
526 9
149 15
941 8
M N
333 12
309 12
am N
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Page 2
Fealc SigF
148 14
130 13
312 14
165 14
157 16
315 16
282 12
125 19
233 15
380 N
1056 7
115 8
161 8
36 12
21 10
161 10
659 9
23 9
487 1
318 t
263 1
152 14
186 13
457 13
343 13
288 16
208 14
23 N
440 10
434 1
5718 10
1713 12
601 1
251 1
128 16
268 13
179 13
147 18
387 15
17219
217 13
172 11
248 15
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Values of 10%Fobs and 10%#Fcaic Page 3

H K L Fobs Fcale SigF # K t Fobs Fcalc SigF H K L Fobs Fealc SigF H K L Fobs Fcalc SigF
2 5 0 268 246 9 290 244 178 W 3130 148 g5 2 340 182 104 10
2561 128 14t 18 296 173 164 18 320 84 793 8 34t 214 194 12
2 5 2 44 a4t 12 2 912 164 172 19 321 1712 21 1 3 4 2 55 538 10
2 63 167 17162 9 2 914 M3 208 W4 322 195 254 9 343 47 460 N
2654 118 N3 16 210t 224 195 15 323 10 3 15 3 4 4 180 170 12
266 612 &1 10 21013 150 107 21 3 24 1250 301 9 3 45 126 154 14
2 56 62 554 10 301 168 82 8 325 121 144 13 3 46 349 333 W
2 69 409 459 4 303 32 30 12 326 409 32 10 341 195 228 1
2 510 178 148 13 3 0 4 1261 1182 7 3271 w 176 12 3 48 262 303 12
2 511 246 210 10 305 313 3 12 328 426 49 1} 3 ¢ 8 119 174 11
2 513 133 143 18 366 t17 191 13 329 304 30 1" 3 410 €81 686 1
2 515 138 144 18 307 s 9 10 3 210 128 119 14 3 411 385 310 L]
2 517 381 380 13 309 289 24 11 3 211 138 101 13 342 121 121 18
2 518 305 287 14 3 010 239 253 12 3 212 650 669 1! 3 413 125 134 18
2 519 172 1588 17 3 011 288 31 10 3 213 163 133 13 3 414 303 298 14
2 520 183 83 19 3 012 412 &9 13 3 216 28t 286 11 3 416 290 33 10
2 526 224 238 15 3013 139 19 13 3 216 168 112 14 3 418 203 252 15
2 63 228 211 10 3 014 166 116 12 3 217 31 N1 16 3419 13 1 0
2 64 180 218 13 3 015 386 331 14 3 218 333 35 13 3 420 142 127 20
265 405 390 14 3 016 260 282 10 3 219 133 " 19 360 430 492 13
2 6 6 614 583 11 3017 128 114 17 322 140 189 18 3 61 867 615 11
268 27 113 3 0118 150 25 17 3222 167 133 18 362 635 689 10
2 611 146 18t 17 3019 230 235 12 3 22 208 181 15 3 65 485 466 12
2 612 160 161 16 3 02 167 166 7 330 185 162 9 3 66 484 505 12
2 613 159 176 16 31 0 905 879 7 331 787 788 8 3 568 328 26 12
2 614 212 203 13 3t 940 893 7 332 48 3 n 3 514 185 161 14
2 616 222 208 1] 313 5831 4% 9 3 3 3 176 175 9 3 515 137 159 19
2 617 191 150 15 3 1 4 597 62 8 383 4 176 166 1 3 52 225 166 14
2 619 152 111 19 3 1 5 1110 1066 T 335 13 192 w3 3 528 212 235 12
2 620 214 200 15 31 6 794 190 8 3 3 6 4283 34 i 3 61 280 263 10
2 623 155 199 20 3 1t 7 860 860 8 3 37 329 33 12 36 4 315 306 11
271t 146 142 17 318 392 ;W U 3 38 402 362 12 3 66 139 119 17
2 73 182 181 15 3 18 225 208 11 338 137 129 13 3 67 172 192 14
2 74 417 388 15 3 116 281 262 8 3 310 328 33 13 3 68 325 28 12
2 716 268 296 1 3 141 233 250 9 3 311 333 23 13 3698 28 310 W
278 258 218 1t 3 113 316 321 13 3 313 389 307 13 et 23 242 1
2 710 187 240 16 3 114 282 301 11 3 314 5 32 1 3 612 314 302 13
2 712 242 231 12 3 1156 6711 621 f2 3 315 239 282 12 3 615 142 129 2
2 713 22 190 15 3 r16 140 184 16 3 316 327 38 12 3 617 143 160 20
2 115 158 161 19 3 117 29 272 12 3 317 389 415 14 3 619 165 1 18
2 716 258 244 13 3 118 17t 210 16 3 320 156 182 18 3 620 142 138 2
282 1713 167 1 3 119 183 192 1B 3321 298 294 1 371 2 m 1
283 34 3% 12 3 120 195 11 14 3 34 142 w2 2 372 168 164 16
2 B11 207 163 15° 3 123 215 290 13 3 325 167 183 18 374 157 143 17
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Values of 10%Fobs and 10#Fcalc

H K L Fabs Fealc SigF

379 1169 1718 18
3 710 34 3,0 13
3 718 46 227 14
3 81 25 26 12
382 25 211 18
3 838 276 282 12
3 85 223 20 M1
3 8610 140 182 2
3 812 1 12 2
3 813 187 193 16
3 817 164 168 18
3 96 24 146 16
3 88 68 201 19
31 170 130 18
310 5 151 148 2
3107 219 216 16
311 8 150 160 2
4 00 935 913 8
4 0 1 550 506 9
4 02 288 212 N
4 03 &5 368 10
4§ 09 194 219 10
4 010 10 4 15
4 011 227 256 11
4 012 187 150 14
4 014 283 234 12
4 015 260 299 M
4 019 138 119 18
4 020 218 224 14
4 022 229 M 13
4 0283 172 154 17
4 026 162 167 18
4 028 156 168 20
4 11 52 520 9
412 315 863 12
413 N3 764 9
4 17 260 256 1
4 1 8 164 168 N
4 18 400 421 12
4 110 131 118 14
4 111 762 818 10
§ 113 28 257 10
4 114 29 241 12
4 115 289 279 1t
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Fobs

233
213
162
441
508
237
183
339
291
238
511
308
296
283
163
242
ry
209
197
187
281
103
15
423
116
424
294

422

134
140
431
186
167
467
703
324
230
232
868
i
123
378
202
243

Fcalc SigF
261 12
22 14

%19
Mt
431 10
248 10
188 10
328 13
300 15
268 9
61 N
302 18
287 12
282 12
139 16
281 12
228 13
181 14
186 N
167 11
288 12
705 10
144 15
448 12
134 16
40 13
269 13
/O 13

79 16
120 18
230 N
163 15
193 18
529 12
849 10
. n
1583 10
192 9
875 10
70t 10

98 17
37 13
179 12
256 1

-t o ededh oo ssesDnDEarED O RERERERDLED AN

28

K L Fobs
413 147
414 265
416 166
418 222
420 202
420 138
423 283
424 139
5 0 184
5 1 618
6§ 3 398
5 4 35
5 6§ 383
5 6 239
5 7 475
510 204
512
515 197
5§16 164
518 145
519 208
6 0 226
6 1 292
6 2 186
6 3
6 8 334
615 207
616 263
617 152
619 140
7 0 283
1 2 184
13 224
7 4 159
165 215
76 205
112 283
713 168
714 244
8 6 232
8 7 180
9 5 143
9 8 156
910 175

Fealc SigF
189 17
255 11
175 17
213 14
183 15
166 21
213 13
107 2
162 13
591 11
403 15
346 15
310 13
28 11
431 13
208 13
243 13
197 15
124 19
133 20
213 15
182 1
260 13
148 14
214 10
330 12
216 15
28 13
151 19
129 20
268 12
220 15
87 13

9% 17
260 13
229 15
25 12
168 19
242 13
200 4
172

6 20
146 20
174 19
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Page 4
Feale SigfF
5B N
495 14
169 13
49 16
9% 14
400 12
305 10
369 13
e 13
192 1
282 12
281 9
221 9
221 10
188 15
3515
147 16
133 15
26 15
228 14
196 20
169 19
an 1
603 10
132 15
163 13
210 1
149 12
303 12
139 15
144 15
s 10
135 15
447 13
342 13
422 14
218 13
1718 12
20 N
548 12
22 12
211 12
1713 16
167 15




Values of 10#Fobs and 10%#Fcalc Page 5

K K L Fobs Fcalc SigF H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF H K L Fobs Fecalc Sigf
5 314 200 227 W 5§87 226 153 W 6 414 180 W47 15 751 2t 218 16
5 318 177 121 16 5 88 155 165 20 6 416 190 172 16 753 187 W3 1
5 320 187 14 15 589 184 227 17 6 416 206 202 14 756 185 193 16
5 323 230 199 14 6 00 250 216 10 6 64 157 193 1 767 1118 220 17
5 42 239 268 10 6 01 203 206 W 6 68 233 242 13 758 178 204 18
5 43 199 158 12 6 03 16 19 1 6 6513 237 204 W4 7612 4 137 2
5 4 4 177 186 13- 6 012 229 236 12 6 6 2 178 169 17 768 145 147 20
5 4 6 263 243 10 6 016 245 245 12 66 4 14 88 20 1772 180 152 18
5 4 8 195 197 13 6 018 204 197 16 6 65 382 346 N 7171 160 182 20
5 412 195 13 14 6 024 242 214 13 ¢ 6 7 20! 190 15 71710 718 W 1n
5 413 130 105 20 6 1 0 128 168 16 6 71 154 91 20 8 018 186 208 16
5 414 167 165 17 6 11 430 413 1 6 74 153 158 20 8 10 2712 2850 12
5 417 1712 1583 17 61 2 1182 192 12 6 77 115 158 18 8 1t 287 236 12
5 423 148 127 20 6 t 3 386 410 13 6 8 0 202 182 16 812 192 152 15
5 6 t 310 3% 16 6 1 9 388 444 {15 6 8 6 145 9% 19 8t 3 1M st N0
5 5 404 38 15 6 111 613 542 14 6 90 148 104 22 g 113 10 w1 17
553 130 18 19 6 113 242 218 11 704 403 380 W4 828 134 222 2
5 66 147 122 W1 6 t15 135 18 19 706 124 257 19 831 1w 121 2
567 160 176 16 6 117 252 238 12 T o1 12 11t 17 8 310 180 159 16
6§ 6 8 163 168 17 6 21 156 131 1B 7 013 158 184 18 8 4 4 161 128 19
559 166 207 16 6 22 178 182 13 7 015 224 264 13 8 45 183 15 17
$ 510 39 385 13 6 23 35 334 12 1 016 177 188 16 8 48 192 197 16
5 511 144 198 19 6 2 4 3271 349 12 710 154 191 18 861 41 100 A
5 513 164 116 17 6 2 5 383 313 14 7 3 159 208 16 8 85 149 125
5 516 268 284 12 6 26 258 267 12 716 126 100 19 9 014 185 195 16
5 518 147 187 20 6 2 7 184 189 13 7 118 149 122 19 911 158 1719 19
5 6520 198 2271 15 6 28 125 1712 19 1722 07 28 U 92 4 146 148 2
6§ 6 2 21 225 13 6 2 9 161 146 16 T 26 36 278 12 9 26 14 88 20
b 6 3 213 229 13 6 211 124 " 18 712 9 146 82 18 10 4 6 146 125 22
5 6 4 2683 283 1 6 214 196 178 15 1 214 142 172 20
5 65 212 115 14 6 2118 170 188 17 T 217 174 208 1
5§ 67 213 197 14 6 222 49 218 20 730 160 147 17
5 68 162 166 18 6 30 256 175 10 73t 190 199 14
B 612 162 108 18 6 3 1 308 292 12 7 32 193 161 18
5 613 169 174 18 6 36 153 155 16 7 310 183 156 16
5 614 212 164 14 6 37 266 2711 H 7 316 165 160 17
5 620 141 108 2t 6 310 183 217 14 742 173 184 17
5 7 0 447 500 17 6 311 178 188 15 7 4 4 151 135 19
5 7 1 184 185 16 6 313 21% 2 1 7 46 185 180 16
578 184 25 17 6 4 1 337 35 13 748 21 258 W
579 21 219 14 64 2 247 230 n 7498 151 83 19
581 142 12 2 6 4 6 126 68 19 7 412 148 137 19
582 1715 26 18 6 47 190 166 14 7 416 164 128 18
585 28 189 16 6 48 23 232 u 750 369 421 12
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