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assumes any legal responsibility for the accuracy, completeness, or usefulness of any
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United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
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" Roger C. Pettersen

Lawrence Radiation Laboratory and
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University of California
Berkeley, California

August 1966

ABSTRACT

~

Using techniques of x-ray crystallography, the structures of

_three new chemical éompounds.have been determined. The Tirst, tetra-

amminediaqupnickel (I1) nexacyanoferrate (11), [Ni(NH5)M(HQO)Q]QFQ(CN)6’
crystallizes in space group R%2 with hexagonal cell dimensions,
a; = aé = 12.213 A; c = 17.005 A, a = B = 90.00° and y = 120.00°. The
iron and nickel atoms lie along the c axis or three-fold axis. The
ammonia, water and cyanide ligands are bonded to the heavy atoms in
octahedral arrangements. ' _ '

The second structure is the para-bromo--aniline derivative of

homo-cubane carboxylic acid,

This substance crystallizes‘in space group Pl with cell dimensions,

a = 10.092 A, b = 12.321 A, ¢ = 11.6L9 A, o = 100.62°, B = 88.3%2° and

-0

1

|

cC - N Br.

v = 114.10°. The symmetry of the homo-cubane cage was of particular
interest. Two asymmetric units wérg'present in the unit cell, giving
two independent measuremehté of'the‘same molecule. The C - C bond
lengths for the cages were all equal within the estimaféd standard

deviations, thebaverage for all of them being 1.56 + 0.0B A. TIf the
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bond angles are considered,‘ohe of the cages has mm?2 point syﬁmetry
and the other 2 point symmetfy; Hydrogen bonding was also discovefed
betwéen the cafbonyl oxygen atom and the nitrogen atom of adjacent ‘
molecules.

The third structure determihéd is ferricinium picrate,
Cl6Hi2N507Fe' It_is related to the fsandwich compound" ferrocene,
Fe(05H5)2, where the iron atom is located midway between paral;el
planes of five-membered carbon rings. The oxidation state of the
iron in ferrocene is +2, whereas it is +3% in the ferricinium ion,:
Fe(C5H5)£.. Ferricinium picrate crystallizes in spacé group Cmcm
with cell dimensions a = 12.478 A, b =20.27h A, ¢ = 6.912 A, and
a=p =y = 90.00?. The results of the structure determination shoﬁ
the ferricinium ion to be a sandwich also, but with a slightly larger

distance between the planes of the two five-membered carbon rings.

-

-ﬁ
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INTRODUCTION

Modern méthods of x-ray crysﬁallography have become a powerful
tool in the detérmination of precise sizes and shapes of chemical mol-
ecules, and of the repetitive atomic structure within a crystal. The |
scope of crystallographic research has been greatly altered by the
recent availability of large électronic compufers. The computer has
significantly increased the size of the structuies possible to be
determined by x-ray methods. At the time of this writing it is possi-
ble to refine structures of over L0OO-parameters by full-matrik least
équares calculations. This number ﬁill certainly inciease in the near
future. The accuracy of measuring reflection intensities has improved
over the old method of visual estimation from photographic films. v
Present methods use a sodium iodide scintillation counter equipped with
a pulse-height analyzer and decade scaler. A fully refined struéture
can be expected to give bond distances accurate to 1-1.5% and bond
angles to 1-2%. ' '

This work 1s concerned wiﬁh the application of x~ray methods to
the determination of three different crystal structures. They are not
related to one another by any simple chemical or structural analysis,
and will be treated in three separate sections in this thesis. Each
section contains its oWn introduction and the péints of
interest for the particulaf structure. This is followed by the work of

the structure determination, and the discussion and conclusions.
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I. THE CRYSTAL STRUCTURE OF TETRAAMINEDIAQUONICKEL (II)  HEXACYANO-
FERRATE (II). {Nl(NHB)u(HZQ)Z]ZFe(CN)6

A. Introduction

‘This portion of the work is concerned with the structure
determination of tetraaminediaquonickel (II) hexacyanoferrate (I1),

(i (K )M(HZO)Z]éFe(CN)6' This complex has not been reported in the

3 ‘
literature, although similar compounds such as [Ni(NH3)u(H20)9]SOu and .
l . » o .

[CO(NHB)h(Hzo)Z]TlCl6 are known. | | | _
An unusual two step process leads to the formation of crystals
of [Nl(NH3)u(H20)2}2
critical. The initial step calls for mixinhg a 1M KzFe(CN)6 solution

Fe(CN)6.2 Conditions for formation are not overly

with an approximately equimolar quantity of 1M Ni(NO inv6M ammonia.

3)2
Very small, lavender, needle-shaped crystals are formed almost immedi-
ately. - These are allowed to settle, and the excess liquid is drawn off
with a.pipet and syringe. The second step involves -the slow transforma-
tion of the lavender crystaisvto the deep-blue rhombohedral-shaped crys-
tals of [Ni(NHs)u(HZO)Z]z '
exposed to air in a loosely capped container for 24 hours or more. Pre-
sumably theitransformatibn occurs as ammonia slowly escapes. The deep-
blue crystals are washed in water, cafefully dried in air, and then must
be sealed in a small vial to prevent further loss of ammqnia and subse-
quent decomposition.

It was originally postulated by Rock3 that the nickel formed a
tetrahedral complex with four ammonia ligands, with three additional
waters of crystallization somewhere in the striucture. The chemistry of
the preparation could then be described as follows:

- ' ' , B exposure to

-4 NH, OH [Ni(NH3)6]2Fe(CN)6 S = SN N S

L — 3

. ; +2 :
Nl(NH3)6 + Fe(CN)6
‘ ~ lavender crystals

[Ni(NH3)M]2F§(CH)6-3HZO

Fe(CN)6 by allowing the former to remain slightly

©

~

n
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The deep blue crystals were very well-formed and appeared. Suitable
for an x-ray structure analysis. This work was brought to a successful
completion and will be described in detail following the introduction.

The results indicate an octahedral complex for the nickel (II), in dis-
agreement with Rock's postulate. _

Because of the disagreement, two independent chemieal analyses.
were dqne on samples from the same batch of crystals. The first wes a,
coﬁbustion analysis for carbon, hydrogen and ﬁiﬁrogen.LL The other was
a Kjeldahl distillation and a nickel determination with dimethylgloxime
>

to flnd the ratio of ammonia. to nlckel These two methods gave results

whlch agreed to about 2.5% probably within experimental error. The

~ammonia-nickel ratio as determined from both analyses is 4.3:1.

Thus the more sccurate chemical description of the substance is
[Nl(NH )h 5(H O)J 7 Fe(CN) Crystallographically, the water and ammonia
llgands must be treated as equivalent and as randomly distributed, because
the nickel lies along a three—fold'axis. A similar case was reported by |
M. Linhard, et al. whén they worked the structure for | CO(NHB)“(HEO)EJTchG
and found it to have the sodium chloride structure. A three-rold axis
through the cobalt requiresrthat the ammonia and water ligarids be equiva—

lent by symmetry, and further requires a random arrangement of these

» ligands about the cobalt.

An attempt was made to identify the lavender crystals by mounting
a single crystal in a capillary and taking x-ray photographs. The sub-

stance was too unstable at room temperature and decomposed before any

pattern appeared on the film. No altempt was made at a chemical anulysis

because of the instability.

The detailed chemical mechaﬁism leading to the formation of
[Nl(NH )u(H o) Fe(CN)6 is still not understood. A possible explana—_
tion is that the lavender crystals have the composition [Ni (NH, )6 Fe(CN)
and that the partial loss of.ammonia llgands on exposure to air is repldced

with H.O from the moist crystals.

2
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B. Crystal Data

A well-formed, rhombohedral-shaped single crystal was wmounted
in o glass capillary wetted with ammonia. The long body-diagonal corre-
sponds with the optical extinction.axis or ¢ crystallographic axis in
the hexagonal system. A polarizing microsCope was used for visual align-
ment along this axis. Weissenberg‘photographs of the first three luyers
indicated that tne alignment axis had three-fold symmetry. Thé theory
and use of the Weissenberg éamera as well as other methods of photograph~

ing single crystals with x-rays can be found in books by Henry, Lipson

8 .
and w_ooster,7 and by Buerger. Thelreflections were indexed on the bagis |

of an hexagonél coordinate system. ;Proper.indexing.gave the extinction

rule -h + k + £ = ?n, which confirmed a rhombohedral space group symmetry.
= 10.21% £ 0.012 A

it . 1 o 10.215% 0.012 A,

c =17.005 % 0.005 A, @ =f = 90.00%, y = 120.00°. The space group is

The hexagonal unitncell data are: d, = a
R32 and_sz 5. The calculated density is 1.74L gm/cc.,‘the measured 3
density is 1.7L43 gm/cc. as determined by the flotatibn_methOd in a mix-
ture of ethylene dichloride and chloroform. The crystal dimensions were
0.17mm on the rhombohedral axes, and O.25mm on the long, body-diagonal
axis. The linear absorption coefficient is u = 25.7,cmfl for molybdenum
radiation. In this caée'the product of the largest crystal dimension
and the linear abéorption coefficient is less than one and a correction
for absorption was not made. | 7 _

The unit cell»dimenéions and the intensity data were m@aéured
with:the aid of a General Eléctric 3RD—5 spectrogoniometer . The
goniometer is equipped with a sodium iodide scintillation deteétor,
pulse-height analyzer and decade scaler. Molybdénum X-rays filtéred
: with zirconium (k.: 0.70169 A) were used throughout‘the courée of thisv
work-. v | _ _

Three angles are used in:making the settings on the éoniometerf

for the varibus reflections. 26 is the Bragg angle Qf'diffrgction,

"

'3
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¢ is the angle of rotation about the axis on which the crystal is
mounted, and X is the angle the mount axis makes with & perpendicular
.o Lhe plane of the goniometer.

The crystal was carefully aligned on an 00f reflection with fhe
X angle set at 90.00°. The alignment was considered satislactory when
a 360° rotation abont the ¢ angle produced less than a 5% varialion in
the intensity. The cell dimensions were measured at as high a 20 anglc
as pogsible. The Kyl and KyQ peaks could be resolved above 20 = 4O°,
and measurements on higher order reflections gave cell dimensions precise
to 0.01%.

The goniometer angle settings for the desired set of reflections
were calculated on the IBM TOW4 computer. To measure the intensities,
the prescribed settings were made for each reflection and a ten second
count was taken. A background curve was determined as a function of
the 20 angle using random values for ¢ and X. The value of the back-
ground as determined by the 20 angle for each reflection was sublracted
from the total intensity measurement. Intensities were measured for
601 independent reflections whose general indices are hkif.

An additional 28L intensities were measured whose general indices
are hikf. The equivalence of these reflections with the hkif reflections
confirmed a Em Laue symmetry. Comparison of the two independent measurc-
ments of these equivalent reflections quickly revealed gross errors in
selting the angles errqneously with the goniometer. TFour such cases were
found and thévintensities corrected. The pairs of equivalent reflections

were assigned an arithmetic average for the structure analysis.
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C. Structure Determination

The intensity data were corrected for Lorentz and polarization
effects. No attempt was made to correct for absorption. The B L
symmetry limited the chQice.of space groups to R32, Rin and Rgm. A
trial structure was Tirst attempted for the highest space group symmetiy
Rgm. Since there are three formula units per cell, the iron atom was
fixed at the special position (0,0,0) and the nickel atoms at (0,0,7:
7z % 0.%3). Coordinates for the cyanide ligands were estimated i1'vom a
previously determined ferrocyanide structure.9 The ammoniu Ligands
were put in a tetrahedral arrangement for the nickel complex. Atomic

scattering factors were taken from volume IIT of the International

Tables.lo Scattering factors for neutral nitrogen wére used throughout
the calculatiohs for the nickel ligands.

An IBM TO4L computer was used to compute structure luctors for
the trial structure, followed by a full-matrix least squares rgrinemenh.
Three cycles of least squares refinement gave good isotropic Debye-
Waller thermal parameters for all the atoms with the exceplion of Lhe
one ammonia ligand confined along the three-fold symmetry uxis{ The R.

factor was 23.2% where

§IIFiIO - |F |

i Cl
;lFi[o
1

R =

The Fo's are the observed structure factors, and the Fcfs are the cal-
culated structure factors.

Because of the difficulty with the one ammonia ligand along Lhe

three-fold axis, a second trial structure with six ammonia ligand: in an

octahedral arrangement around the nickel was submitled for refinement.
The structure refined to an R = 6.9% after three cycles and gave reason-

able isotropic thermal parameters for all the atoms.
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To test for waters of crystallization or other structure, a
three dimensional Fourier series was calculated by the IBM 704) on
the basis of the observed structure factors and from the phases cal-
culated from the least squares refinement. "No further structure
appeared in the Fourier analysis.

All atoms of the structure were then allowed to refine with
anisotropic Debye Waller temperature factors. The anisotropic tempera-
ture factors have the form '
2 + 622k2 + 333£2 + 28

hk + B.,hl 4+ 625k£)' The final results

exp-(B,,h 12 13 i

are given in terms of B,. where B,. = hB../a*a* and a¥ is the i— recip-
id 1) 13 i) i .

rocal cell length. The final R factor is 5.7% for anisotropic refinement.

2
Pl

The sum of the squares of the residuals is 172.447 = ;(iFilo - l'i .

As mentioned previously, two other space grouﬁs are possible for
this structure. BSpace group R3m does not offer any particular advantage
over Rgm because the mirror planes constraining the ligands are present
in both cases. TFor this reason it was not considered as a reasonable
alternate structure.

On the other hand, space group R32 removes this constraint of
the mirror plane, and the ligand atoms are free to move. For this space
group the anisotropic temperature factors for the iron and nickel atoms
have the same form as in space group Rgm, but the ligand atoms have
anisotropic temperatufe factors of the form

2 2 2 .
- Ja . ¥ 2). i -me s
exp (B h™ + (322}( + B + Blghk + BlBhﬂ + [325}{ ) A full-matrix

11 53
least squares refinement carried out for this structure gave very
similar agreement. The R factor is 5.7% and the sum of the squares of
the residuals is 167.098 = S(|F.| - |F.| )2,

i 1'0 lHC
The confidence of the lower symmetry structure can be tested
according to Hamilton's method.ll Hamilton's test is based on the
ratio of the statistical R' factors, where

o
211/2
EARE S

2 -
iwi(lFilo i'c

R H — -
Zw.IF.|2
; +oio
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for each of the two cases. w, is aweilghting factor. The scale tactors
for the refinements in bothlépace group ﬁ%m and space -group R32 are
identical to five figures, so it is possible to compare directly the
sum of the sqguares of the residuals. Using Hamilton's method, the
hypothesis is that space group R32 gives a significant improvement in

the agreement. The following facts are needed:

Space group Parameters Sum of squares of Number of
residuals reflections

R32 L2 167.098 601

R3m 30 o 1T2.bkh7 601

A script venwill be used for the ratio of the statistical R'

factors.
C1re.hhy
\ZQ = 5708 = 1.016.

Hamilton's tables are given in terms of XE’N’Q. The term b is the
dimension of the linear hypothesis to be tested, in this case it is
the number of parameters refined in the two space groups. N is the
number of reflections minus the number of parameters fof the refine-
ment to be tested, i.e. the number of degrees of freedom. « is the
confidence level for the test. Hamilton's table gives the following

values for j(:

z612,559,0.50 = 1.009
12,559,0.25 = 102
7’z12,559,o.1o = 1.015
v/ & = 1.018

12,559,0.05
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Thus the confidenceflevel is somewhere between 90-9%% that

R32 gives .a significant impfovement in the agreement. This level of

confidence is most likely somewhat reduced because a weighting scheme

was not used in the refinement other than to assign all reflections an
equal weight of unity. Although the method is not perfect, as Hamiltqn'
points out in his paper, it is at least, or more meaningful than argu-

ments based on estimated standard deviations. At this level of confi-

‘dence it appears reasonable to accept the R32 structure as being the

better description.

The parameters of both structures are included hére for complete-
ness and comparison. The coordinates and anisotropic thermal parameters
are given in Table I for space group Rgh and in Table II for space group
R32. The estimated standard deviations from the least squares refine-
ment are also included for each. Table III contains the observed and

calculated structure factors for the 601 independent reflections.



.Table.I; Eractional sfructure cbordinates and their estimated standard deviations for

tetraamminediaquonickel_(II) hexacyanoferrate (II). Space group R3m.

Atom - X v 7 . s

b 2 - o %Y %

Fe 10.0000  0.0000 0.0000 - --
i 0.0000  0.0000 0.362 -- -=  0.0001
N1 0.0997__‘: ox -0.2482  0.0003 - 20 0.0003
N2 . 0.0980 2x 0.390k 0.0003 20 0.0003
N 3 0.1435 - ox 0.1031 0.000k4 25 0.0003
c ' 0.0892 - 2x 0.0654 0.000k 20 0.0003

AniséﬁTOPic thermal‘parameterS'ahd their estimated standard deviations for tetraamminediaquo-

. nickel (II) hexacyanoferrate (II). Space group E3m. Units are A°.

-O'[_

:Atom Bl11l B22 _13—3_3 | EE : E B23 9511 gz 33 “mz %m13
Fe  1.907 } 311 1.9%2  3Bll 0.000  0.000 ' 0.046 o5,  0.069 %0311 -~
o b - R _ o = : B

Ni - 1,830 Bl .;.893_ 3B11 0.000  0.000 0.032 "~ ogp,  0.046 Zog..

N1 3.060 2.315 2.158 iB22 0,000 -0.367 0.172  0.208  0.177 %GBzz --

N 2 2.479 1.788 2.421  LiB22 0.000 . -0.446 = ©0.151 0.184 0.180 3050, --

N3 5.274  2:281 - 2.855  im22 0.000 -0.292 0.283 0.231 0.222 %UBZZ -

c 2.532 2.285 2.11k4 iB22 0.000 © 0.20k 0.172  0.233 0.195 %GBEE -




Table II.

‘Fractional structure coordinates and their estimated standard deviations for

tetraamminediaquonickel (II) hexacyanoferrate (II).

Space group R3Z.

Atom

Fe
Ni
N1
N 2
N 3

oo o o o o

X

.0000
.0000
.1999
.0926
.1512

L0853

Y

0.
0.
0.

0
0.
0

L1961

.1790

0000
0000
0943

2873

O O O O O O

Z ‘ GX
0000 --
.3162 --
.2480 0.0007
.3908  0.0026
.1031  0.0027
.0656 0.0022

o
_Y .

.0022
.0007
.0008
.0008

o O O O

g

Z

o O O O O

.0001
.0003
.0003
. 000k
. 000k

Anlsotroplc thermal parameters and thelr estlmated standard dev1at10ns for tetraammlnedlaquo—

Atom

Fe_
Ni -
N1
N 2
N 3

nlckel (II) hexacyanoferrate (II)

Bll Be2 B33 Bl2  Bl13
1.927 Bl -1.945  1Bl1l 0.000
1.847 Bll  1.905 - iBll 0.000
2.310 2.513 z.2hh  0.77h 0.339
2.323  1.727 2.485 0.697 -1.37k
5.698 2.390 2.839 1.92k -0.4h6
'1.349° 2.319 2.152 -0.07k -0.683

Space group R32

Unlts are A

B23 . %1 Tmz 33 2 . %m13  “me3
0.000 . 0.048 0511 0-070 %GBll -- --
0.000 0.034 9m1 0.047 o On11 -- --
1.020 0.217 0.500 0.190 0.480 0.171 0.453

-0.41%  0.416  0.189 0.186 0.342 0.398 0.157
-0.299 0.881 0.243 0.225 0.687  0.716 0.201
0. 346 0.378 0.261 0.204 0.437 0.513 0.203




Observed and calculated structure factors for tetraammine -

Table TIT.

ferrate (11)

Space group R32.
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Discuséion df the Structure

-1%-

The refined structure is illustrated in Fig. 1.

unit cell is outlined by eight iron atoms.

on the long body?diagonal or three-fold axis.

The rhombohedral

The nickel atoms are located

The hexagonal unit cell ig

in solid outline and comprises: one-third of the total hexagonal prism.

. For clarity the complete hexagonal structure is not shown in the figure.

TabievIV’lisnsthe significant interatomic distances and the

estimated standard deviations for the_Rgm and R3%32 structures.

Table IV.

Interatomic distances for both structures of tetraamminedia-

quonickel (II) hexacyanoferrate (IL), and the estimated standard devia-

tions. (in angstrom units)
R3m R32
Fe --- Ni C5.377 £ 0.002 5.377 £+ 0.002 -
Ni --- Ni 6.251 £ 0.003 6.251 + 0.00%
Fe --- C . 1 1.929 £ 0.006 1.936 £ 0.007
“Fe --- N 53 3.084 £ 0.004 3,087 £ 0.008
Ni --- N 1 2.109 = 0.006 2.115 * 0.006
Ni --- N2 2.1k3 £ 0.005 2.150 = 0.006
c ---N3 1.155 £ 0.007 1.157 £ 0.011

The bond distances of both structures agree within

estimated standard deviations.

limit and most likely somewhat larger.

However, these deviations

the limits of the

are at best a lowver

It may be safely asserted that

interatoMic distances for both structures agree well within the experi-

mental error.

The distances given in Table IV agree with those given in the

literature. M. A. Porai-Koshits, et al.,lg

for the I\Ti—.—~NH5

worked the structures of
and Ni(NH5)u(NCS)2.‘ They reported a value of 2.07 £ 0.0% A
distance for the first structure and 2.15 £ 0.02
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 [NINH,), (H,00 3, FE(CN),

©\K§©

(‘Qﬁ N _' O
l’\\\ | : Ni
/ oagh || 9
O

O

Cé%* O

Ry

) . ] MUB-8565 .
- Fig. 1. The crystal structure of tetraamminediaquonickel (1) -

hexacyanoferrate (IT).
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A for the Ni ---NH, distance in the second. The. comparison is not

5

completely valid because some of the -ligands are water in this work,

and because of the influence of the NO2 and NCS ligands in the Russian

Z
work. A value of 1.158 + 0.002 A is reported™’ for the -C=N dig-

tance based upon HCN, CHBCN, BrCN, C1CN and ICN which is in good agree-
ment with the -C=N distance in this work.

The bond angles differ somewhat between the'twobstructures due
to thé freedom of motion of the .ligands in the R32 space group. The
iron-carbori-nitrogen bond angle is 179° in Rgﬁ and 173° in R3%2. The
other angles the ligands.make withvthé heavy atoms are all within 2°
of 90° for both structures.
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IT. THE CRYSTAL STRUCIURE OF HOMO-CUBANE

A. TIntroduction

The hydrocarbon gubane (08']-[8 r:tiij )'wa§ rirst synthesized by

Eaton and Cole in 1964.”  The crystal structure determination followed
s00n after,15 and the molecule was found to have cubic symmetry to with- N L
in the limits of experimental error.  The two indepéndent carbon-carbon

bond distances determined for the structure of the cubane molecule were

1.549 & 0.003 A and 1.55% £ 0.003 A. The work for this thesis is con-

cerned with the x-ray structure determination of homo-cubane, a molecule

which ‘is similar to cubane, and which appears in derivative form as an

intermediate in the synthesis of cubaneilu’l6

Homo-cubane is simply the
cubane molecule with an added bridge carbon (C9H9 = ). The x—ray
analysis was undertaken to determine the exact shape of this highly
strained molecule.

To make the structure analysis possible, a heavy atom derivative
was prepared by Dauben and Whalen. Their interest in thi; structure is
a part of a study.of‘the synthesis and rearrangements of various strained
cage compounds.17 They prepared the para-bromo aniline dérivative of

homo-cubane carboxylic acid,

o _ ‘
| —\
C - N —Br

especially for this structure analysis.
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B. Crystal Data

A single crystal of the homo-cubane derivative was}mdunted on a
small glass fiber using a small drop of GeneralvEleétric baking'varnish
No. 1202. The crystal was aligned visually with a polarizing microscope

along an extinction axis. The dimensiong of the crystal arc 0.20x0.29x0.47

mm. The chemical formula is C16H1ANOBrL and the molecular weight is 308gm/

molei The linear absorption coefficient is M =.%%.55 cm—:L (Mo Kd raaiation).
A corfection for absorptioﬁ was not ma@e. The density of the crystals was
measured by the flotation method in a mixture of_ethylenevdichloride and
ethylene dibromide. The measured density is 1.568 gm/cc. Weissenberg
photographs indicated no symmetry elements to be present. - The space group

as determined by the structure work is triclinic, P1. The unit cell dimen-

sions are: a = 10.092 + 0.020 A, b = 12.321 + 0.020 A, ¢ = 11.649 = 0.020 A,

a
a = 100.62 * 0.05°, 8 = 88.32£0.10°, v = 114.10 + 0.10°. The cell volume is

1297.9 A3 and the calculated density is l.579.gm/cc. The number of molecules
per unit cell is four. ‘

The cell dimensions and the infensity data were measured on the
General.Electfic XRD-5 spectrogoniometer in a manner as described in thé
first section of this‘thesis. 2l65 intensity data were taken, of which

2252 were non-zero.
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C. Structure Determination

The intensities were corrected for Lorentz and polarization

eltects and used Lo compute a three-dimensiona’l Pattoerson function. N o

The theory and use of the Patterson function can be found in Buerger':
book.18 The x,y,z coordinates of the two largest Patterson peaks werc : >

at (0.450, 0.075, 0.500) and (0.250, 0.175, 0.275). The next two peaks,
which were about half the size were at (0.325, -0.250, 0.225) and (0.200,
-0.100, 0.225). Space group'PT gives Harker peaks atv2x, 2y,v22. Assign-
ing the two smaller peakskﬁs Harker peaks, the éoordinates of the two

S
independent bromine atoms were determined. Five cycles of full-matrix
least squares refinement with these two bromine atoms gave an agreement,
factor of MB%. A three-dimensional difference Fourier summation was
computed using the phases and structure factors calculated in the last
cycle of.the_least squares refinement. The differences between the
observed éndvcalCulaﬁed structure factors were used as the coefficients
in the Fourier series. The positions of the remaining carbon, nitrogen
and oxygen atoms were determined from_the difference Fourier summation.
‘The two bromine atoms weré refined using anisotropic Debye-Waller temperaF
ture factors and the remaining atoms using isotropic Debye-Waller tempera-
ture factors. Four cycles of full-matrix least squares refinement gave
an agreement factor of 10.3%%.

A second difference Fourier summatibn was computed using the phases
and intensities calculated from the last refinement and the observed inten-
sities. The largest peaks of the difference Fourier accounted for most:of

" the hydrogen atoms which were at.reasonable distances from the carbon and
nitrogeﬁ atoms. Smaller peaké were also found which were due to the remain-
ing hydrogen atoms. _ ' | » '

~The positiohs of the hydrogen atoms were refined isotropically by
using a diagonal appfoximation of the least squares. The remaining 38 atoms
were refined anisotropically in the same calculation. Refinement was com-

pleted on the Control Data 6600 computer with full-matrix least squares
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célculations. The hydrdgens were not.réfined in thé final full-matrix
~calculations, but used only for the structare facfor equations. Thé
final agréement factor is 6.0% using 2252 non-zero reflections. The
weighted sum of the squares of the residuals is 470.62 with all weights
taken as unity. | S

Table V lists the fractional coordinates and their estimated
. standard deviations.for the broﬁi@e, carbon, oxygen and nitrogen atoms
T as réfined by the full-matrix least squares calculations. - Table VI
lists the anisotropic thermal parameters for the same atoms. Fractional
coordinates and the isotropic thermal parametérs Tor the hydrogen atoms
are listed ih Table VII. The hydrogen atom parameters are not considered
as having the accuracy of the heavier atoms, but are included here only td
give a rough idea of their positions and thermal motion. Table VIII lists
the observed and calculated structure factors for the 2465 intensity data.
The asterisks'mark the data where a zero intensity.was observed.'vThese

reflections were assigned zero weight in the least squares calculations.
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Table V. Fractional coordinates énd their estimated standard deviation

for the para-bromo aniline derivative of homo-cubane carboxylic acid.

. Molecule A :

- Atom X X Z Oy - Oy °,
Br 0.0960  0.9k49  0.1148  0.0001  0.0001  0.0001
C-Bl . 0.0L81 _‘o.7867‘_ ,0.1405  0.0010  0.0009 0.0008
C-B2 0.123%0 0.7554 ,: 0.2192 0.0010 0.0011  0.0009
C-B3 0.0891 - 0.6399  0.2370 0.0010 0.0010  0.0008
C-Bb -0.0211  0.5499 0.1745 0.0009  0.0009 -'0.0008
C-B5 ~0.0955  0.5781  0.0942  0.0010  0.0010 0.0008
C-B6 -0.0602 0.69%6 0.0771 0.0010 0.0011  0.0008
N . ~0.068%  0.4%0%3  0.1945  0.0008  0.0008. 0.0006
c-co - 0.011h 0.3654  0.21k49 0.0011 0.0010  0.0008
0 0.1418  0.LOTL  0.2137  0.0007  0.0007 0.0006
c-C1 1 ~0.0668 o 0.2393 0.2357 0.0010 0.0009  0.0008
c-c2 0.0155 0.1986  0.3193 0.0011 0.0010  0.0009
c-C3 - -0.0955  0.0806  0.3573  0.0013  0.0011 = 0.0010
c-ch ©-0.2391 0.0992- -0.3481  0.0011 0.0010  0.0009
c-C5 -0.2000 0.2221°  0.3059 "o.ooog 1 0.0009  0.0008
Cc-C6 -0.1k71 0.2851 . 0.4%17-  0.0010 0.0009  0.0008
c-C7 - -0.0025  0.2657 0.4418 © 0.0011 0.0010  0.0009
c-c8 - -0.0813. 0.1448 0.4882 0.0012 0.0011  0.0009
c-c9 ~0.2204  0.1625  0.4784 - 0.0011  0.0011  0.0008




" Table V. Continued
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Atom

;Br
C~-Bl

C-B2

C-B3
C-Bh
C-B5

C-B6

N
C-C0

c-C1
C-C2
C-C3
 C-Ch
C-C5
c-c6
Cc-C7

c-c8 -

C-C9

© O O O O O 0O 0 O 0 O O O 0O O o O O O

X

.6558
.5928
.us82
hot2
Lo57
.6321
.6816
.438L
.5068
6333
14108
g2
3992
.363%2
k299
5755
.6098

5393
.5066

o.

0O 0.0 O 0O O 0O 0O 0 OO0 0 b o o o o o

2125

Molecule B
Y 2

8716 0.6174
L7351 0.4986
.6570 0.5002
5574 0.4136
5364 0.3262
6144 0.3279
L7130 0.4138
L362 0.237h
3705 0.1757
.3910 0.1910
L2707 0.0821
.1693 0.0480
L0948  -0.0672
.1900  -0.1248
.3108.  -0.0381
3132 -0.086k
2196  -0.0272
L1191 -0.1350
~0.190k

© O O O OO0 O O O O O 0O O O o 0 O o ©

.0001
.0010
.0011
.0009
.0009
.0010 -
.0010
.0007
.0010
.0007
.0009
.0010
.0010
.0010
.0010 .
.0010
.0010
.0010
.0010

o O O O O o O O O O c.Cc O O Cc O Cc o o

a

.0001
0009
.0010
.0009
.0008
.0009
.0009
.0007
.0009
.0006
.0008"
.0008
.0009
.0009
.0008
.0008
.0009
.0009
.0009

o O ¢ O O CcC o Cc O O o o C

o

o O O O O

o
Ya

. 0001,
. 0003
L0008
.0008
. 0007
.0007
.0009
. 0006
.0008
.0006
L0007
.0008
.0008
L0008
.0008
.0008
.0008
.0008
.0007 -
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Table VI. Anisotropic thermal parameters for the para-brome aniline

derivative of homo-cubane carboxylic acid. Units are AE.

Molecule A

" Atom Bll B22 B35 Blz2 B15 B2
Br 6.5 6.4 5.99  2.23 1.37 1.04
C-B1 %.19 6.38  2.68 1.52 0.65 0.%0
C-B2 3.47 5.89 k.05 0.66 0.20 -0.15
C-B3 3.29 | 6.15 2.80 . 1.07 -1.06 0.21
C-Bh 2.02 5.49 3.24 1.35 0.68 0.51 '
C-B5 3.0k4 5.65 3.62 1.71 -0.14 - 0.03
C-B6 3.65 . T1.25 3.50 2.77 0.1k 1.11
N 2.54 5.70 L.27 1.01 0.11 1.03
c-co %.208 6.8%. 3.1k 2.35  -0.%k -0.18
0 - 2.71 - 8.56 5.24 2.12 -0.51 0.94
Cc-C1 L.31 5.27 3,37 1.90 -0.06 -0.06

- C-C2 4.58 . 6.54 5.46 2.8% . 1.01 1.19 -
Cc-C3 7.44 6.41 6.00 3.18 1.34 87

- Cc-cl h.35 6.50 L.o8 1.2k -0.54 ~0.0%
C—05 2.52 5.8% 3.76 1.33 -0.5k 0.%%
Cc-C6 3,71 6.05 L. ok 2.06 -0.3%8 0.16
c-c7 b.19 6.4k 5.4 1.9 -0.68  0.69
Cc-C8 5.63 8.29 4,93 3.05 -0.35 1.35 -
c-C9 .29 8.28 3.11 2.86 0.06 0.3%

Note: The estimated standard deviations for the thermal parameters of
the bromine atoms are about +0.06 and about +0.50 for the remaining atoms.



Table VI. Continued.

Molecule B

Br 6.50 - 6.61 5.27 2.30  -1.55 -1.71
C-Bl 3.50 L.73 3.42 S 1.62 -1.12 0.h7
C-B2 3.63 - 6.51 3.93 2.75 0.19  -0.37
C-B3 2.46 5.26 3.50 1.47 0.55  0.31
c-Bl 2.10 4.0% 3.8 1.18 -0.2h 0.88
C-BY 3.0k 5.3 2.97 176 0.60 0.5
- C-B6 3 .32 4.68 467 1.00 0.0k 0.65
N 2.00 k.ol 3.38 1.21 -0.02  -0.15
C-Co 2.37 5.65 z.2L 1.16 0.3k 0.92
0 2.72 7.27 L.96 2.00 . -0.34  -1.17
c-c1 2.67 4.62 342 0.41 20.05  0.u%
c-c2 3,91 k.3% .12 1.79 0.9k 0.98
C-C3 L.69 4.35 3.65 1.16° 0.63 -0.%7
C-Cl 4.78 4.89 307 1.57 -0.61  -0.50
c-C5 3.73 b2 k.ob 1.36 - -0.1k 0.20
C-C6 3.76 3.6 3.88 0.91 0.00  0.27
c-c7 3,97 5.3%0 3.61 2.36 0.3% 0.76
c~-C8 4. 46 5.00 3.69 2.0k 0.89 0.66
Cc-09 .~ 4. Lg 5.75 2.70 2.11 0.26 0.87

‘Note: The estimated standsrd deviations for the thermal parameters of -
the bromine atoms are about +0.06 and about +0.50 for the remaining atoms.
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Table VII.. Fractional coordinates and isotropic thermal parameters

‘for the hydrogen atoms of-the para-brom¢ aniline derivative of homo-

cubane carboxylic acid as refined by least squares diagonal approxination. o
Molecule A ' ) Molecule B

Aton X Y z B X ¥ oz E -
H-B2  0.189 0.820 0.257 1.65 0.401 0.666" o;5uu 1.63

H-B3 0.148 0.618 0.201 0.27  0.313 0.490 0.418  2.09

H-B5 -0.169 0.508‘ 0.0L6 2.79 0.690 0.603 0.272 0.55

H-B6 -0.104k  0.720  0.035 0.27  0.771 0.776 0.L12 1.03

H-N -0.156 0.377 0.191 1.80 0.347 0.406 0.226 b.20

H-CL -0.103  0.183 0.177 0.52 0.286 0.22h 0.112 2.5

H-C2 ~ 0.1k5 0.195  0.275  8.13 | 0.495 0.110 0.108 2.86

H-C3 -0.095 -0.029 0.326 9.1l 0.342 -0.008 -0.066 2.80
H-Ck - -0.312  0.046 0.%20 2.54 0.238 0.172 -0.178 2.75%

H-C5 f -0.267 0.246 0.272 - 0.82 0.405 0.391 -O.ou3, 0.25

H-C6 '-0.159 0;572 0.457 1.43 0.655 0.398 -0.083 1.99

H-C7 0.077 0}557 0.480 k.19 0.702 0.225 0.005 1.05

H-C8 0.010 0.099 0.539 10.13 0.584 0.052 -0.17h4 2.49

H-C9 ~0.299  0.161 0.541  L4.00  0.513 0.221 -0.267 1.6




L4 MeX= 1,81 6 23 26 1110107 4 &7 61 -5 S1 45 -1 17 27 -3290 292 -10 22 27 ;-2 <o 9a -6 111109 | 117411 8 0 1* -4 85 86 L OB FCA -2 54 5B
L'FOB FCA 7 32 26 8 32 38 5 52 81 -4 o S0 -0 177 206 ~2 132134 -9 13 10 ) ip 13 -5 Tz 70 | 2 177163 4 127117 3151183 -7 32 29 -3 0 5 -0 0 ae 81 61

0 22 1S 8 B € 9 10 6 & 72 & -3 186181 1 15 18 -1 112119 -8 9 14 _5 g1 &7 -+ 15 9 | 3 91 82 5 %9 55 4173161 -6 69 T4 -2 15 21 -9 79 78
10 1 T 71 78 -2 A2 44 2140138 -0 110 125 -7 @ 90 1 s0 62 12 3| 4172169 6127124 5 36 20 -5 125128 -1 0 6% -8 9 1 Mx= 1,7
2 ;2 Ke 2,-9 WKna,=8 8 39 35 -1 A3 45 3 -9 12 ) 248 264 -5 295295 2 &5 62 -2180 169 | 5 36 29 7 82 5 6 T 68 -4 14 B -0 100107 -T 37 Al L FOB FCA
3 79 71 L eBFCA L FORFEA 9 10 19 -0 14 26 A 211210 2 43 5174165 3 37 26 -1 6 7| 6 29 24 B9 1} T 31 26 =3 20 17 1 70 To -6 45 47 -9 37 49
-5 o e -6 &7 62 1155159 5 149 152 3 150 138 -4 65 8 42 20 30 o 27 a2 | T &1 62 9 30 51 @ 21 19 -2 28 25 2 T1 76 -5 55 53 -8 25 24

Mxs 241 =4 71 €1 -5 0 15¢ H.Ke 5,27 2 21 11 8 22 24 4 g -3 234 1 57 s9 ' B 170174 9 s6 61 -1 T3 76 3110 114 -4 102 % -7

L FOB FCA -3 89 SO -4 81 7S L FOD FCA 3139129 T 14 14 513 133 -2199199 u 2185178 : 5 14 1 HiK= 5, 0 -0 23 29 4137128 -3 LIT 112 -6 122 118
-1 43 35 =2 T4 & -3 57 52 -7 36 35 & 299 2% 8107107 6 27 29 -1 UFOB FaA 3 3¢ 21 L FO8 FCA  H.K= 8.1 1 89 98 5 28 22 -2212204 -5 17 1a
-0 26 25 -1 60 55 -z 90 % 1 5157158 9 25 7T 95 S1 -0 151181 -1g 8 90 4 61 54 , MiK= &=1 °T9 60 S5 L FOB FCA 2 &5 &7 -1 147 153 -4 23 26
1 6 4 -0 62 $3 -1 110111 -5103 9% ¢ 1 17 16 8 106 1132167 -9 13 15 5 48 45 | L FOR FCA -8 70 18 -9 7% T9 3 42 40  H.e 7,3 -0 82 85 -3 %6 58
2 24 17 111114 -0 36 34 -4 7 108 113 9106109 2410412 -g o 6 & T9 72 B O 3 -T O T+ -8 27 30 A 71 T4 L FOBFCA 1 32 2% -2 113113
x, 3 9 1ex 2 a8 St 1 28 27 -3 62 T9 $7 55 HK= 4,5 10 O 2v 3184 182 -7 s7 5§ 7 17 15 : -7 19 22 -& €& e -7 31 26 5182178 -5 46 4& 2 T4 1 -1 27 20
4010 12 3 15 1S 2169108 -2 © 6% 9 25 19 L FOB FCA 4 55 63 -5 159 180 J -6 12 3 -5 46 4L -6 46 4B b 19 2 -4 66 85 3159153 -0 32 13
A 21 34 3 25 25 -1 B2 68 -8 B9 85 thke 3,-4 S 170173 5 14 Moke 8,2 | =5 53 51 -4 157154 -5 53 S0 7 43 34 -3 40 39 4 49 51 1 43 42
Hke 341 5 0 3% 4 0 &% -0 105 115 W,k 5,6 -7 145 166 L FOB FCA 6 38 39 .4 289379 L FO8 FCA |, -4 T2 8% -3 72 &8 -4 11 M & &9 5t -2 36 39 5 28 17 2200 202
CFOB FCA 6 22 26 5 €1 S5 1 99106 L FOB FCA -6 45 45 -9 95104 7 46 50 _3 745230 -6 32 43 . -3 109 107 -2 182175 -3 1T 14 -1 se 61 6 19 BL 3 23 26
1 o 1+ T 9 & 8185176 2 38 40 ~-T 29 21 -5 Tz &5 ~8 121 113 8 96 100 _2 461 463 -5 TI 69 . -2 37 30 -1 171125 -2 116 113 HeK= 6,2 -0 O Te 7 82 80 4 ¢ 18
o 0 13« 8 42 42 7 75 75 3 58 S5 -6 18 17 -A &9 65 ~7 83 83 9 20 18 _i 114 117 -4 103 108 ' -1 140 148 -0 8¢ 1cS -1 111 11T L FOBFCA 1 24 24 B 0 10 5 As 44
175 6 8 0 & 4 54 47 =5 B8 80 -3 67 62 ~6 61 19 10 30 34 - _g 166200 -3 33 28° <0 O 1 1022 3% -0 0 Te -8 36 36 17 15 s 1T T

2 K= 3,-9 5 75 Y0 -A 13112 -z T35 9t =5 20 A9 11 38 &9 118124 -2z 13 1z 1 61 &4 2 €1 52 1218 -7 713 78 3 1Z 120 Hke 3 2
3 0 2 LFOBFCA  HKs 5.8 & O 1T -3 42 3T -1 151 168 -4 276 266 2 Tes 810 -1 25 23 2 T6 69 3103 S8 2 18919 -6 59 60 & 15 18 L 08 FCA M= 2, 7
4 0 2 -5 €3 52 L FOBFCA T 43 39 -2 79 B2 -0 158180 -3 O 10% H,K=2,=3 3 18177 -0 0 2+ 323422¢ 4 g4 €0 3111111 -5 45 43 -9 90 92 L OB LA

s 65 58 -4 15 &8 -6 17 22 B 16 12 -1 W7 M1 1 22 30 -2 58 50 FOB FCA - N4 1 s e 1« & 5 0 13 & 8 -4 159159  H.ke 1, 4 -8 27 29 -8

- . -3 66 e4 -5 65 66 8 22 19 -0 70 BA 2 32 23 -1 51 49 -10 22 24 | 5 67T 60 2 49 53 5 72 T8 61017 5 23 16 -3 o3 90 L FOBFCA T 117 1ls -7 a03 a6
HXs 4e11 -2 0 4w -4 22 21 1 21 30 3260 249 -0 263 297 -9 32 30 ' 5165143 3 23 14 & B85 B3 7 4L 38 5132132 -2 0 20010 33 42 -6 20 15 -6 4L 44
L FOB FCA -1 92 94 -3 159153  M.Ke 6,7 2 20 23 A 10 9 1 63 60 <-B 48 4b | 7 0 e 4 40 33| 7 92 85 B 47 AT T 66 e -1 & 16 -9 52 59 -3 o 1« -5 9 17
-t oo o0 0 14 -2 60 &1 LFOB FCA 3 111105 5 34 29 2155155 -T 144140 | 8 7 88 S ITL 171 | 8 ¢ &5 9 0 4+ 8 T3 85 -0 97107 -8 79 79 -4 4 &2 -4 2 20
0119111 1 %3 57 -1 0 106 -6 14 4143138 6 46 4T 3 95 -6 41 45 © o g1 a3 : 1 33 34 . -7 14T 148 -3 68 66 =3 143 141
110 12 2 72 53 59 -5 23 26 5 37 33 T 79 79 4199196 =5 83 51 30 51 59 | WiK= T,=1  W,Ks 6, 0  HeKw 6, 1 2102104 =~6 & 5 -2 52 56 -2 66 67
237 35 3106100 1115118 -4 140137 6 62 &1 B %6 51 5 70 70 -4 144 145 (1) 0 1ae M,ke 9,2 L FOBFCA L FOB FCA L FORFCA 3 20 21 -5 50 43 -1 56 60 -1 2 10
3 0 13 4 48 48 2 0 S5e -3 6 1l¢ 7 67 W 9 0 200 & 80 Bl -3 S 93 i LFO8 FCA -4 237 234 0 53 54 -0 59 853
4 19 26 s 18 24 3 19 78 -2102 97 A 52 %2 10 10 & 7 8 il =2 139133  H,Ke 1y-2 -3 41 &4 -3 124 119 1153 157 1t 209 201
5 0 1% 6 18 4 61 82 -1 35 39 9 10 7 B 99 107 -1 226 228 - L FOB FCA -2 53 53 2 16 14 2 17 T3 2 40 st
T 6t 63 5 €8 81 -0 86 T3 Mk= 5,25 9 20 26 -0 57 53 10108121 -1 10 1& -l 95 99 3 20 23 3 40 &3
HXw 541 8 17 1§ 6 0 18 1 0 Te H.Ke b,-6 L FOBFCA 10 10 37 1397420 -9 95 95 -0 53 60 -0 220 244 4 %4 90 & 25 22
L F0B FCA T €7 52 2103105 L FOR FCA -6 108 104 2210218 - g 78 19 1 & 87 1191200 5123120 5 81 67
<0 29 24 HKs 4-5 A 10 18 3 25 20 T 43 4A =T 35 39 K= 4,4 3 477470 7175178 2z 17 101 2137136 & 74 T 6 14 7

10 16 L FOB FCA 4 50 50 «6 64 58 -5 145 140 L FOB FCA 4216212 }os 85 84 317 e 317 19 T 30 25

4 251 263 HiKe 3, 7
5 7B TT M= 4, 5 L FOB FCA
&4 42 33 L FORFCA -7 0 15
7101 104 -8 4z 40 -6 QO 3
a 93 93

2 11 14 -5 32 36 H.Ke 6B 5 36 37 -5 53 53 -5 22 12 -9 &4 47 5112 112 -5 94 8BS
3101 98 -4 0 st L FOB FCA 6 bl 60 -4 69 68 -4 121121 -8 16 4 6 67 67 | -4 268 249  HyK= 0,-1
17 2% -3 1 4 0 2¢ -1 25 26 T IT Bl | -3 247 236 L FOB FCA
-2 139 141 -4 119118 8 28 26 -2 115 115 -2 142 143 -6 B84 87 6 8 4 |2 38 34 -10 71 81
Hike 641 -1 5 13 =3 39 44 -1 60 65 -1 176 162 -5 184 180 9 &1 61 | ) 287 288 -9 18 16
L FDR FCA  -€ B0 82 ~2 33 30  H,m T,-7 -0 &0 Tt -0 120 140 -4 B0 78 10 0 3%/ .0 117 135 -8 175 189
2 28 2% 25 24 -1 © 5¢ t FOB FCA 1 21 27 1145148 -3 7T T 1l 4T 53 9 14 20 26

:
4
»

1
2 €2 65 -0 113120 -5 34 32 2 1037100 2 177 168 -2 125 124 7 304 261 -6 159 166 Hike 204 -4 63 83 -2 %0 29
HK= 0,10 2 St Re 1 33 38 -4 0 7e 3 11 15 3 185130 -1 323 339 HiK= 3,=3 | 3 347 335 -5 145 143 LFCB FCA -3 4B S0 -1 TO T4
LFOB FCA 4 126125 2 9 4 -3 44 Al 4 O 4v 4 4B & -0 62 56 L FOBFCA | 4 193 191 — 245 238 | -10 1T 15 -2 48 48 -0 9 98
-2 &0 55 S 22 18 3 9 9 -2 39 A0 5 61 60 5 24 28 1 19 23 -10 4l 43 | 5 136 1a6 -3 204 194 -9 77 14 -1 o o9 o
-1 24 27 & 16 14 4128122 -1 80 7& 6113102 6106 9 2 80 I -9 O 3| & 30 N -2 685 701 -8 73 81 0135138 2 65 64
-0 2T 3 1 0 4 5 13 9 -0 &6 76 7 23 18 T 17 21 3 99 100 -8 181 187 | 7 80 9T -1 124 109 -1 22 25 2 2 s6
1 29 331 B 14 15 6 AT 46 1115118 8 0 @A+ B8 32 37 & 52 56 -7 35 37 | g 50 59 -0 118 137 -6 39 215 11 4126121
2 50 A T 50 52 2 40 45 9 54 54 511715 -6 8 8 | g o0 99 | 128 120 -5 152 146 3 73 T 5 14 10

3 36 34 MKe 5,-0 397 91 Hek= 7.6 & 75 81 -5121 116 10 9 1 2235 225
4 0 10v  LFOS FCA  M.Ks T,=m A 27 23 L FOB FCA  HKe 6,5 T 147 145 -4 239231 [11 10 18 4 29
5 0 4 -4 17 26 L FORFECA 5106104 -6 34 20 L FGBEFCA A 62 59 -3 53 51 4533 521
H -1 6 9% 9 37 37T -2 113109 | HyKk=2,-2 5 181 172

-2 20 1§ -3 15 20 T &4 A4l -4 32 29 -6 124118 10 35 35 -1 16 25 | L FOB FCA 6 9% 98

-0 190 201 H.kx 5, 5 -5 47 42

MK= 116 -1 45 4 -2 31 30 -3 72 61T -5 S0 91 0108233 Lio a1 48 7 71 es 5 T 7M1 17 7 2 16 T HXe 1,3 1 0 14+ L FORFCA -4 44 38
L FOB FCA -0 O Te -1 €3 S8  M.K= 8,<7 -2 9 10 -4 27 2T  H.K=S,-4 1 65 67 | -5 TQ 75 B 160 168 2 97 S5 3 23 23 L FOBFCA 2 241262 7 16 11 -3 23 24
-3 22 24 1142146 0 § 11 L FOB FCA -l 66 73 -3 96 92 L FB FCA 2 371 354 | .8 1271121 9 9 1 MKm 9,-1 3 24 1§ 4 68 69 -11 30 36 3 686 88 -6 26 20 -2 2T 32
-2 72 z 22 2 © l1av -4 68 &3 -0 © 15% -2 33 36 -8 17 14 3295287 |-7 23 22 10 87 so L FOB FCA A 85 B7 s g2 AT -10 13 12 4 4T 47 -5 65 68 -1 21 21
-l 2 24 23 <3 0 3 1166170 -1 138 149 -7 33 33 4200 285 |- 13 o 11 24 22 | -3 14 5 5 29 23 & € &5 -3 53 §6 5110112 -4 51 55 -0 0 1v
o o 4 6 21¢ 3121116 -2 95 92 2 46 42 -0 O 20 -6112108 5 0 4sf.s a2 1 -2 20 22 & 84 19 -8 1 6 97 95 -3 95 97 1 67 &9
1 40 A4 5 33 29 4 -1 31 32 3 21 23 1126127 -5 23 14 & 65 65 | -4 234 227  H,Kks 14} - -1 O Zie HiKe 8,1 -T125131 7 Te 69 -2 0 2% 2 SO 41
2 83 78 6 22 25 5 23 22 -0 21 17 & 12 14 2 42 37 -4 23 22 T 41 50 | .3 264 248 L FOB FCA -0 6% 53 M,K= 8, 0 L FOB FCA -6 136 13t & 22 16 -1 B7 88 3 39 33
378 11 T M 45 6 10 5 1 44 48 5112103 3 25 21 8 2¢ 24 |2 21 17 -10 30 31 1 0 14 L FOBFCA =5 42 48 -5 51 49 -0 39 4s
4 co1oe 2 62 54 6 59 38 & 12 -2 199 191 9 61 &3 [-1209 208 -9 36 35 . 2 33 30 -5 49 45 -4 38 3B -4 121 126  H,ex 3, & 1 60 62 HWKe 5 7
5 22 3% MK= 6,29  H.Ke £,=8 3 33 35 T 27 26 5 65 07 -1 45 45 10 64 Te (-0l 512 -8 99103 3 32 51 -4 29 20 -3 10 15 -3 247 244 LCRFCA 2 30 27 L AOB FCA
6 0 S LFOBFCA L FORFCA A O A% 6 64 55 -0 56 62 1257 255 -7 183 179 -3 55 53 -2 o s -2 176171 -9 &7 T4 3 79 73 -3 54 56
4 0 1% -3 49 4 5 26 1T  Hike 8,-6 7 20 20 1 41 3T HeK= 45-3 2 348 336 - MyX= 0, 0 -2 80 AS -1 S5 62 -1 SB 65 -B 6% &% 4 28 27 -2 0 12
W= 210 -2 0 106 -2 &2 T8 L FOB FCA 8 62 5B 2 349 333 L FOB FCA | 3 124 118 -5 290 289 L FO8 FCA -1 22 20 -0 0 18 -0 116130 -7 67 65 5 35 36 -1 0 1ék
LFDE FCA -2 $3 52 -1 0 4% W.K=9,-7 -4 &2 37 3 52 4n -9 64 65 | 4229216 <-4 205150 1115 99 =0 1& 271 1 36 39 1294316 -6 T2 69 -6 0 v
3 0

1 6 14 -0 19 23 LFOB FCA -3 68 &6  H,Ks 7,5 4 26 29 -8 87 86 f 5 47 56 -3 386366, 2 19 24 1 23 2z 2 5T 53 2 112113 -5 170 163 HKe 6 5

2 0 100 -0 77 70 1 S5 59 -1 54 s0 -2 21 19 L FOB FCA 5 47 44 -7 32 36 | 6131 121 2305281 | 3248238 2 42 37 1 75 7@ 3106103 -4 O 1ls L FORFLA K= 1, 8
211 12 1 S 18 2z 82 77 -0 S1 60 -1 49 50 -5 30 31 & 86 B84 -6 T4 65 | 7203 210 -1 44 39 | 4297290 3 50 50 4 37 32 4 244229 -3 106 100 -5 20 26 L FOB FCA
-0 29 24 2 €& £5 3 19 17 1 0 14 -0 70 78 -5 7 0 0 -519819 | &35 4+ -olop113 | 5 0 1% 4 31 20 5 90 95 -2 160 162 -4 41 &1 <R 0 6%
122 22 3 58 6 3+ 2 0 4 0 21 -4 85 T s 4125319 | ¢ 48 51 1188186 | 6 59 62 5 1 5 HKe 1. 6 40 34 -1 149160 -3 64 & -1 10 6
2 9 82 4115118 5 14 22 3 84 81 2 50 46 -3105100 9 36 31 -3 T2 & [10 34 40 2z 88 & T 145 149 t'FoaFca 7 te 78 -0 0 ~2 41 & -6 18 1&
3 o mo5 37 37 3 4T 42 -2 42 35 22 80 72 11 89 74 3192185 ! 8 82 81  Ha 9, 0 -1 1T 1s 8109109 1102 107 -1 24 29 -5 20 25
4 20 15 b 6D 54 HiKe 0,=7  H,K= 0,6 4 98 A8 -1 49 40 WKa 6,-& -1 172 187 1234230 9 22 21 LU FORFCA -10 42 39 9 T7 63 2118 113 -0 O 24% -4 26 23
s 57 &0 L'FNS FCA - LROB FCA 5 23 26 -0 O 125 L FDB FCA  ~0 132 143 | M.k 3,-2 5 64 68 10 € 11 -2 21 29 -3 60 10 3182177 1 Rl 83 -3 23 25
6 62 51 HKs= 70— -T 91 86 -8 0 &0 & Te 1 57T 53 -8 17 19 1218228 { L FOBFCA & 6% 61 | 11 38 38 -1 0 220 -5 &4 4B MK=243 4 14 6 2 T2 63 -2 79 70
T 28 21 LFOB FCA -6 13 23 -7 121 117 2 p3 8% -7 77 T2 2 8 93 .10 78 83 7200 209 | Zo 1m a1 -7 28 29 L FORFCA 5 169168 3 25 27 -1 29 28
-3 32 29 -5 35 39 -6 54 49 k= 9,-6 3100103 -6 24 20 3251236 | -9 73 73 B 3z 41 . nmessl, 0 1 18 26 =b 61 33 -10 19 22 & -0 110 102
He 3410 -2 17 10 —4 47 &8 -5 71 &8 _ L FOB FCA 4 &1 35 -5 7B 78 4 59 59 [ -8138147 9 12 10 | L OB FCA -5 226215 -9 36 34 T 4T 41  Mk=1, 6 1 22 23
U FOB FCA -1 95 101 -3 141 139 -4 20 21 -2 10 11 5 33 30 -4 67 60 5 124 116 | -7 49 $3 10 68 79 |-l A1 61  MKe 1, 1 -4 7 96 -8 150147 B 17 8 L FOEFCA 2100 93
=3 87 #1 -0 3 11 -2 € 70 -3194188 -1 4% 40 & 16 5 =3 99 97 6 72 63 -6 13 113 11 61 71 -10 25 11 L FOBFCA -3 286 280 -7 48 8 -5 53 60
2 16 17 1 21 15 -t B 9 -2 34 37 -0 35 35 7 14 1l -2 89 77 7 93 8 -5 257 248 -9 175 181 -11 10 16 -2 247250 -8 37 30 M.,k 4y 4 -8 51 AT & 156 152
-1 72 64 2 0 15 -0 13 19 48 5. 1 2t 18 8 S0 52 —1 51 46 8 51 62 | -4 197 191  H.Ke 2,1 -8 33 3¢ 10 49 42 -1 202 38 -5 80 T6¢ L FGR FCA -7 31 32 5
-0 18 17 2 82 16 1230257 -0 152156 2 26 33 0 &1 35 9147152 ' -3 24 24  L'FOB FEA  ~7 153 159 -9 116 118 -0 132 141 -4 232 227 -5 O 119 -8 109 102
T %4 87 4 S 12 2 3 31 1156161 3 55 ST WKe 8-5 1119 136 10 26 28 -2 221 206 <10 30 23 -6 23 1¢ -8 1 33 1336363 -3 28 31 -8 10 10 -5 23 30 MK=2 8
2 o 3 s 22 23 3 53 &6 210z 98 4 1T 17 L FOB FCA 2 119 120 C1353 336 -9 28 26 ~5192193 -7 115118 2 21 15 -2 B85 & -7 13 10 0 “2e o P8 Fca
3118 116 5 33 31 3 e 9 5 17 13 3 A0 34 Heks S.-3 -0 124 138 -8 106 107 -4 43 42 -6 2B 4l 3 &6 6 -1 128 142 -6 8 B2 -3 35 39 -7 85 85
426 31 M= By-9 5 143143 & 60 57 WK 0,25 -4 108 102 4 1 L FD8 FCA 4 31 -7 24 16 -3 138 132 -5 320 312 4 67 54 ~0190211 -5 91 9 -2 175 172 =6 51 48
5 &3 42 LFGBFCA & 49 AS 5 45 48 L OB FCA - 7 5 107 108 -9 S5 64 2 323 302 6 185 186 =2 169 181 -4 34 31 5255255 1 116115 —4 123116 -1 &3 44 -5 31 3l
6 0 1+ -1 28 29 7 12 20 6 65 60 -3 53 59 -2 37 35 & 34 33 -8 25 21 3 S5 93 -5 14l 185 1220 207 -3 44 k¢ &1 1R 2125121 -3 51 S0 -0 49 82 -4 0 o¢
7T 3 3 -0 35 38 B 13 1 7125127 -8 27 34 -1 199 20 7 34 38 -7 7 4 7L 70 4231219 -0 G &» -2 99 £3 .7 38 36 3133126 -2 139 141 1 38 38 -3 108 101
1 6 3 8 37 42 B 25 15 <7 41 41 -0 115130 B T 74 -6 145146 5 57 58 -3 223 204 112 10 -llee1Es B 15 68 1286129 -1 8 15 2178179 -2 20 2%
Hiks 4ac 2 0 3¢ 9116 111 -6 98 97 o 55 53 -5 7 5188186 2 542 535 2274 255 -0 127136 S 70 79 -0 98100 3 94 9 -1 36 37
LFOB FCA 3 S& S8 WK 1,-7 10 33 34 -5 113109 2 35 34 I8 22 12 7 60 €3 -140s3e7| 3379365 1123103 1o 1o 11 & 13313 56 4 62 60 -0 2 24
-3 0 1 L FoB FCA “4 112113 3 0 3% HKs T,-4 =3 19 1T B 32 34 0453 840 | 4 4t 3 28 2¢ * 2143185 5 62 66 1 19 16
2 0 1z M= 0,8 =T 0 8% H.Ke l,-s =3 114108 4 T2 7L L FIB FCA -2 339 317 1+ 9 95 110 I 281 235 s 713 270 261 Huke 2 6 91 98 3112111 6146162 2 23 23
Z1 21 21 L'FOB fCA -6 $9 99 L FNg FCA -2 165158 5 19 16 -7 30 23 ~-1 120110 |10 68 77 2389 30 | 6133131 4 138 134 L FORFCA 9 51 55 4 112106 7 22 22 3 57 49
0 €9 62 -6 22 22 -5 0 S¢ -B 87 41 -1 247266 & 51 4T -6 30 29 -0 170 199 3293 280 | 7 246 252 5 251 242 -10 €1 L 5 50 aa w2 o2
1 18 21 =5 71 72 -4 167161 -7 3 371 -0 0 25¢ 5 29 20 1 17 23 Hkae,m2 4 49 an | 812 81C5 101 -5 20 25 Hx=3,3 & 71 62 HKe 2, 6
Z 53 55 -4 40 33 -3 27 28 -6 3& 38 1 39 a5 MK« 9,-5 & 119 113 2272269 L FOBFCA 5 76 Te | 9 88 99 7 S4 62 -2 69 T3 L FEOBECA 7 39 43 L FORFCA  MK= 3, 6
3 22 20 -3 Sp 49 -2 50 %0 -5 60 54 2 268 266 L FOB FCA -3 123 120 3 68 66 -9 52 52 6226225 | 10 O M & 25 28 -T 29 26 10 45 49 -5 s3 52 L s Fta
4 53 52 -2 20 322 -1 & 71 -4 1TL 171 3 337 32 -3 10 12 -2 19 18 4 250 239 -8 13 16 T 168 176 | 11 40 43 8 127 1453 -6 I35 13t -9 46 46 L4 -8 31 31 -6 14 1S
5 4T 47 1151148 -0176152 -3 42 38 4 188179 -2 10 15 -1 104 91 5 16 10 -7 146 148 8 45 10 35 29 -5 9 55 -8 42 3 LFOBFCA T 78 15 -5 O 1s
& 62 S5 -0 29 17 1 20 22 -2 45 47 3 142142 -1 32 57 -0 135 149 6114 1HL -6 €7 91 9 &0 6 Hik= 2, 0 % 132 128 -7 103107 -9 1T 28 -6 66 59 -4 AT as
1107112 2 © ¢ -1 40 33 6 91 99 -0 33 4l 1 3 60 7 17 24 =-S5 169191 10 41 42 L FOB FCA  MXe 2y 1 -3 39 37 -4 64 -1 75 72 -5 148140 -3 0 5«
Hike 54 2 0 11 3 29 36 -0p28m311 7 79 79 1 0 Tv 2 25 20 6 66 T2 -4 117119 -10 9 100 L FOB FCA -2 188 1AD -5 215 210 -8 9 10 -4 23 27 -2 17 1%
L FOBFCA 2 a4 46 4135131 1 78 81 8 46 55 2 36 38 3 103 101 9 &3 50 ' ~3 284 266  H,Ke 3,01 | =9 27 33 -10 S8 64 -1 118116 -4 10 15 -5 52 49 -3 39 39 -1 46 46
-3 17 22 4 12 5 S 60 TA 2 €9 T 9 20 22 3 34 31 4174 162 { «2 193 187 L EOB FCa | -8 82 87 -9 20 17 -0 360602 -3 28 37 -4 18 22 -2 116 15 -0 43 37
-2 10 17 S12712C 6 67 6 3 58 61 10 17 10 4 14 14 5 Mek= 6,-3 -1 151 148 -10 38 40 ) -7 11 23 -b 60 38 1 35 &0 -2 St 75 -3 183 139 -1123126 1 W4 11
-1105 102 & 13 65 1 39 33 4 147 142 5 9 8 L'FOBFCA ' -0 85 83 -5 T3 13 -6 166 165 -1 0 24¢ 2 130130 -1 160173 -2 23 26 0 & &6 2 22 I
-0 9 % 0 ¢ 8 95 % 5 D 15% Hyks 1,95 M= Oy-4 7 32 20 -8 17 1p L 129140 -8 9 7 | 5127121 ~-€22522¢ 3122116 -0 O Or -1 48 50 1109114 3 38 239
1 55 45 B 24 14 O 45 48 5139140 L FOB FCA L FORFCA B 43 46 -7 192183 2 18 14 =7 53 51 | =& 55 43 -5 O 3¢ 445470 1 51 52 -0 0 98 7 57 59
[ T 20 18 -5 o0 120 5 62 83 Z6 32 251 3 0 6% -6186 194 | -3408 386 -4 141 128 5 46 50 2 12 19 1 89 @7 3 30 28 HKe4, 8

'
|
321 19 HK= 1,-8  HuK= 2,7 8 86 §9 -8 77 T8 -8 111 114  M,K= B,—4 -5 30 33 | & 45 47 -5 67 59 [ -2 405 387 -2 4f A& 6 21 22 3 225226 2 42 42 4 9 5 L FOBFCA
A 31 29 L FOBECA L FOBFCA 9 13 9 -7 33 31 -7 36 37 L FOB FCA -4 | 5224217 <4 77 73| -1333 328 -z 415404 7 50 53 4 40 39 3122126 5125118 -3 32 33
5 70 89 -6 €6 € =1 5¢ SA 10 52 5T -6 122 119 -6 32 384 -5 84 T8 -3 146145 [ & 26 27 -3 476 454 | -0 419 488 -1 69 101 B 127135 5 74 T2 4 A4 42 6 26 28 -2 3 13
6 0 1% -5 a0 % -5 50 -5 -5 BT 85 -4 25 28 35 D1 12 17 -2 ea6 422 1317 307 -0 248 265 9 13 12 & 52 S 5 35 29 T 35 3 -1 63 63
-4 145142 -5 2 M e 2y -4 186 185 -4 189 182 -3 34 3s -1 136138 0 28 31 -1 130 128 2485 462 1 28 39 10 54 61 T 185146 6 25 26 o e
HiKa 610 =3 117 119 -4 44 A3 L FOB FCA =3 55 36 -3 18 16 -2 30 29 -0 80 80 , 9 ST S8 3 68 7z 2 268 235 & 60 59 Hik= 3, &
L'FOB FCA -2 B0 19 -3 11 17 -6 O 5e -2276 290 -2239 237 -1 15 13 1 88 90 {10 20 21 - 1228230 A X7 17 2 29 31 MuKx3,2 9 &L S0 M.K= 6.4 L FOB FCA  MK= 1, 9
-2 -1 Z5 =2 38 39 -7 74 TL -1 79 84 1252278 -0 43 36 2 9 9@ 2 234 218 5 52 57 4 199 188 L FOB FCA UFDB FCA -8 42 42 L FOB FCA
-1 10 14 -0 56 62 -1 224233 -8 23 21 -0 €0 S -0 187 203 1 ST 62 3106 103 ' K= S.,-2 3103 102 6198 195 5 170 162 -10 28 31  H.Ks 4,3 -6 10 9 -7 0 1Te -6 17 17
-0 13 25 1 92 S5 -0 23 32 -5224217 1 O 4 1 26 26 2133127 & 0 17s L FOBFCA 4132 126 7 70 66 6 104 111 =9 44 43 L FOB FCA -5 25 22
10 100 2 27 27 1 29 30 -4 3& 36 2 256 261 2 136 119 3 48 & s 83 78 (-9 14 1 5 88 ee 8 19 2 7 41 45 - 0 t5e -9 14 19 -4 4y 46
2 63 56 3 14 1t 34 29 -3 B6 85 1 8 93 4 66 61 & B4 88 - -8 107 115 6 163 1¢5 9 1T B 1461354 -7150149 -8 0 1ls -3 2 30
3 D 3¢ & SC S1 324023 -2 71 19 4 83 82 4 29 17 5 17 23 7 1 76 -7 13 2 7143 140 | 10102112 9 43 50 -6 19 2 -T 49 &6 -2 T T4
4 19 22 5 Bl £0 4 48 SO -1 229249 5 92 84 5180 172 & 853 55 8 24 20 ' -6 123122 s 28 10 62 €5 =5 156 153 -6 149 141 -1 o 3
5 37 37 & 685 BS 5 29 78 -0 O 56 6132136 6 O 1% s o |-5 211 204 5 &9 T Hike 3, O -4 67 & -5 38 39 -0 T6 68
713 11 6 14 15 1112121 T 186 14 7 187 185 HK= 544 “4 266 253 10 32 30 | L FOB FCA  HWK= 3 1 -3 74 15 -5 4D 40 158 57
HeKe 7010 8 31 30 7143145 2 40 36 B 38 30 B O 4% L 0B FCA MK 7,-3 ' -3 95 93 -10 €2 74 L RO FCA -2 75 72 -3 0 15¢ 2 1 16
LFOB FCA 9 14 2. B €C 58 3227228 % 43 S0 9 5T S6 -3 56 55 L FOB FCA -2 LTS 161  HyKe 4,-l | =9 18 12 -10 0 1ls -1 307 323 -2 190 186 ERRUIEE]
-1 50 s 9 25 25 4111104 10 51 S8 10 21 24 -2 14 19 -7 54, -1 33 35 LFBFCA' -8 12 £ -9 16 1€ -0 O 6% -1 0 3
-0 22 15 WKe 2,-0 5 127 110 1 52 56 -1 B9 96 <6 43 47°| -0 304 346 -10 39 36 -7 156151 -8 24 28 1 33 28 -0 18 18 Hok= 2, 9
1 79 8F L FOBFCA  HeKw 3,7 6 B4 T6  Hyks 245 0 55 11 -5 9 1737 33 -9 53 60 -6 1al13& -7 77 5 2 S0 87 1 34 32 L FoB FCA
2 10 18 -6 € o+ L FORFCA 7 66 &% L FOR FCA  HKe L4 1 34 35 -4 135127 | 2 O 1* -8 8 86 -5 1{8 88 -6 46 48 3232 232 2203 208 5 82 60
3 14 17 -5 74 68 -7 5S4 48 A &7 45 -9 103 105 L FOBFCA 2 O 14 -3 23 23 | 3 33 ST1IL Il -4 138134 -5 82 J6 A 19 70 3 )8 o 10
4 9 s -4 534S -6 166110 9 3106 -8 9 1 9102111 3 14 5 -2 47 43 ¢4 1BT180 6 61 67 -3 247 241 -4 0 €3 3 A6 43 4 43 40 -3 36 38
-3 156152 -5133126 10 19 1T -7 27 23 -8 94 106 4 20 16 ~-1123127 | 5 27 28 -5 I3 21 | -2 149137 -2 121125 6 28 27 5 22 10 -2 0 e
HiK= 0,-¢ -2 46 4€ -4 85 85 -5 29 20 -7 69 11 Toteoten | & s 88 -4 62 sa | -1 52 a8 2 3 m T1iez168 & 8 80 -1 100 93
LFOB FCA -1 75 76«3 43 a3 H,Xs 3,6 -5 110 119 -6 154 150  MK=0,-3 1 O 16+, 7 38 39 -3205197 -0 90121 ~-11201z% B 44 38 7 17 13 -0 sz 37
- 3 Z0 127124 2154161 LFDFCA 4 49 Ak 5 S8 &7 L RBFCA 2 9a 87| 8 M &2 =2 41 35 1282377 -0 104 110 9 30 28 8 43 42 1 48 39
-3 25 32 %8 €7 -1 §1 9% -8 0 7¢ -3 229230 -4 4l 40 -10 53 62 3 1% 19 917 18 -1 9 9 2739 3 13 m 2 35 39
-2 13 1 10 86 -0 24 20 -7 13 B -2 O 11% -3 19 19 -9 37 43 & 15 @ -0 %0 & 3 0 I3 2123 )7 MKt 402 HeKe 5,1
-1 18 e7 92 95 69 69 -6 94 95 -1 &8 48 -2 310 316 -8 B4 80 5 37 40  H,K= 8,2 1355 351 4212199 3184 173 U FOB FCA L FOB FCA  M,kx 1, 8 -2 D 2%  HKs 3, 9
-0 0 e 95 92 §7 97 -5 8 19 .0 -1 43 49 - & 41 31 ' L FOBFCA 2 85 63 -8 66 66 . L FOB FCA -1 121 126 L FOB FCA

3
2
3
>
-
3
'
H
B

1

2 7 20 16

3 -0 68 T4 -6 325 329 7 89 82 |-p 14 23 3 28 24 6. 26 3¢ 5 264 265 -8 B0 84 -7 149 146 -10 20 19 -0 138 126 -1 32 42
22 23 4 2 88 -3105111 2z 71 70 1130139 -5 95 90 T-7 23 22 A 165158 7110108 & M 15 -7 38 33 -8 20 22 =9 . ks

5

6

1

94 89 -2 234 236 3 166 162 2 226 230 -4 290 274 H.Ka 8,-3 -5 o 1a s 12, 2
-7 93 94 3 48 a4 Hkx 1,10

4

5

dourwN~

5
~

2

3

2

H

2

@

a

2

3

'

o 1o 25 82 -1 90 9 4 o 5» 3 T2 70 -3 0 9 L OB FCA -5 38 33 -4 0 1
u e 31 33 7 32 29 -0 164 186 5 409 388 . & 94 91 -2 226 223 -6 39 47 [ -4 0 10% 7126127 i 10 24 24 9 & 17 -4 130132 -3 132128 -6 9T 94 63 6% L FOB FCA
4 13 B 43 43 1137148 b 52 48 5 1a9 182 -1 112123 -5 19 18 i-3 117114 &8 a1 8 10 4 3¢ -3 70 8 2 51 -5 108 106 4 44 -4 a0 37
. 3 38 WK=2,-8 9 M Tz 2-79 83 T 27T 25 619 194 -0100 93 -4 O 1s|-2 32 25 9 23 16 Hek= &y 0 -2 333321 -1 0 11 -4 220 216 -3 @ s
Y N LM NI UG U 3% 0% e CRBED wkma 1 -t 1z 21 S0 59 63 3 0 s mKkr 5 6 2 39 43
- HoK= 1,8 -6 26 25 M,Ka4,-T & 10 8 9 65 &7 8 S8 59 2z 162153 -2 113108 '-0 0 12¢ -10 26 29 L FOB FCA -0 16 Sz 1 119118 -2 254 246 L FOR FCA =1 60 56
L ROB FCA -5 8¢ £« LFOAFCA 5112108 10 21 19 9 &7 53 3299 31s -1 &5 68 1126122 M= 5,1 -9 13 B -10 0 4+ 1 43 50 2 27 28 -l 65 66 -5 49 48 -0 62 54
-5 26 26 -4 32 31 -7 M 8 & T3 M1 10 66 T4 4 155159 -0 25 31 1 2 64 62 LFGEFCAa -8 §7 TA -9 § 14 2 145180 3 17 15 -0202 220 -4 O lov 1 17 12
-4 43 a3 -3 1T 18 -8 6N & T B T W,k=3,-5 11 30 31 5127127 1 60 & ' 3136131 -9 10 -7 19 19 - S99 3 € Bl 4 39 63 1 43 46 -3 I 0
-3 78 Rl -2 22 35 -5 B4 80 0 85 62 L FOB FCA 6229232 2 o % 23 8 TT 79 -6 €6 o5 -1 11 85 4 © 13« 5 95 &7 2 168 166 -2 25 27
-2 97 S1 -1 £7 53 -4 8 79 9 26 18 ~9 35 34  H,Ke 2,-4 T 45 51 3 146140 5 46 40 -7 38 36 5100 91 -6 3z 34 5130129 & 19 9 3152133 -1 113112
1t 0 10+ -0 117119 3136133 10 56 56 -8 O S L FOBECA 8 O 1¢ 4 9 6 6 20 20 =6 17 23 : -4 184178 -5 36 32 6122116 T 14 12 4136136 -0 15+
-0 45 82 1 a4 45 -2 141 146 T 24 22 -5 10 T 9102101 5 25 28 7110411 -5 14 31 ! -3 141121 4302291 7 15 3 s 35 20 1 17 22
1S3 92 2112110 <1 36 33 M,k= 4,6 -4 195 194 -8 9 11 10 &2 5L & 20 20 | 8 77 T9 -4 233225 -2140 128 -3 (1 €2 8 C 100 H.K= 6,3 6140 138 2 62 57
2 65 58 313110 -0 72 79 L FORFCA -5 49 &8 -7 194 193 11 30 37 I -3 72 & , -1 71 51 -2 1t B - LFOB FCA 7 B4 BY 3 A5 43
- 3015 19 4 0 126 1206310 -8 84 63 -4 143 14 -6 88 89 HeKe 9,3 | HyKe 7,22 =2 163 157 | =0 266 299 =1 2€1 26€  H.K= 8,2 T &3 66 A 4§ 37
6 &L ae 5 19 14 2209205 -T 13 6 -1 0 4% -5 15 9 HyX= 1,-3 L FOB FCA | L FOB FCA -1 80 82 | 1 &l° 68 -0 126 145 L FOB FCA -6 10 & HeKe &, 6
5 50 48 € 1C5 106 3 35 36 -6 105 105 ~2 175 178 -4 105 102 L F0B FCA -3 43 40 -7 22 23 =0 240 263 2 45 45 1 79 €0 -9 54 51 -5 75 79  H.e= 2,5 L FOB FCA

Table VIII. Observed and calculated structure factors for the para-
bromo aniline derivative of homo-cubane carboxylic acid.
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ZD Dlscu051on of the Structure

, Two 1ndenendent measurements of the molecular stxucture were
avallable from the completed crystal structure since there were four
molecules in the ‘unit cell ThlS provided an extra measure for the
accutacy of the structure, and a’ check on the symmetry of the homo-
cubane.- In partlcular, the twelve carbon-carbon bonds ot the benzene ‘
rrings averaged to 1.36 % 0.03 A, where 0.03 A is the standard -deviation
for each measurement..:This standard deviation is approximetely double
:the estimsted standerd deviation-as calculated from the,final least
vsquares‘refinement. ?For tnis'reason, the estimated standard devietions
-from‘the least'squaresjrefinement have been doubled for the carbon-

: carbon bonds in- the cage structure. The benzene bond anp]es aﬁerage to
tlEO O 3 O For the same reason, 5 0° is taken as the standard devia-
tion’ for the bond angles in the cage structure

Flgure 2 shows a dlstorted view of the bond angles of the cage

structure of both molecules The bond distances are listed in Table IX.

S
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HOMO-CUBANE
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Fig. 2.

MUB-9366

A distorted view of the homo-cubane éages showing the bond angles.




-08.

Table IX. Carbon-éarbon bond distances for the homo-cubane cage (in

angstrom units).

Bond Molecule Bond Moleculc

A B A B

1 - c2 1.5( 1.58 b - o9 1.55 1.55

c1 - C5 1.51" 1.56 c5 - C6 1.52 1.55

2 - C3 1.56 1.502 6 -CcT 1.8 1.60

c2 - 7 1.56 1.54 c6 - €9 1.58 1.51

C3 - Ch 1.57 1.63. c7 - 8 1.56 1.54

3 - B 1.56 1.55 8 - €9 1.52 1.57
ol - C5 1.57 1.55

Note: Each bond distance has an estimated standard deviation of #0.03A

as discussed in the text.

The average'for both molecules- of bonds of:

c2 - €3 type: 1.55 % 0.02 A (8 bonds)
% - ¢k type: © 1.60 + 0.03 A (4 bonds)
c3 - 08 type: 1.55 + 0.02 A (8 bonds)
Cl - C2 type: ] 1.56 * 0.03 A (4 bonds)
8 - €9 type: 1.55 + 0.0k A (2 bonds)
A1l bonds - : . 1.56 £ 0.03 A (26 bonds)

Within the 1limits of error, the carbon-carbon bond distances are
equal, and the cages are symmetrical. If the bohd angles are considered,
and a standard deviation of £3.0° is assigned, molecule B has mm2 point
symmetry; whereas molecule A is twisted so that its only symmetry is a

two-fold axis through the bridge carbon. There is no apparent explanation

for this twisting. The bond lengths are in agreement with those found for - .

cubane which are 1.549 * 0.003% A and 1.555 + 0.003 A.15

The eight hydrogéni
bond lengths on the aromatic rings average to 0.9 % Q.l A. Those for'the
homo-cubane cage (18 bpnds)‘average to 1.1+ 0.2 A. The two H - N distances

>avérage to 0.85 % 0.01 A.

1
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Another interesting measurement is.the amount of puckering in
the two cyclobutane rings: C2 - C3 - C8 - C7T and Ch - C5 - C6 - C9. A
hypothetical atdhic_position was calculated for the midpoint between
carbons,CB and C7 and between carbons Ch and C6 for both molecules and

shown aé P and P' in Fig. 3. The left and right portions of the figure

show the projections of the two cyclobutane rings of interest. The

center portion is a projection of the complete molecule onto a plane
along the C3 - C7 and Ck - C6 diagonal axes to show the amount of ring
puckering. The individual angles calculated for the amount of puckering

are:

Molecule A Molecule B
ce -'P - (8 162° 2 -P - (8 160°
5 - P'- €9 162° c5 - P'- €9 - 163°

The averége for all angles is 162 + 1.3°,
Figure 4 shows the packing of the molecules in the triclinic

cell. This packing arrangement is influenced by the'presenCe of inter-

‘molecular hydrogen bonding between the carboxyl oxygens and the nitrogens.

The respective interatomic distances are: oxygenA - nitrogenB,-

2.87 +°0.0% A, and oxygen, - nitrogen,, 2.84 + 0.03 A.
_ g .
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MUB-11557

Fig. 3. A projection to show the amount of puckering in the four-

membered rings of the homo-cubane cage.

&
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THE PARA-BROMO ANILINE DERIVATIVE
OF HOMO-CUBANE CARBOXYLIC ACID ' : ‘

Fig. 4. The cyrstal structure of the paré-bromo aniline_derivative,of‘

homo-cubane carboxylic acid.

" wun-8213
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III. THE CRYSTAL STRUCIURE OF FERRICINIUM PICRATE . _016H12N507F

A. TIntroduction

The crystal structure for férrocene, Fe(C 5 5)2, has been reported, 19
and examples of structures of various derivatives can also be found.
(20, 21, 22, 23, éh). These compounds are "sandwich compounds,' with the -
iron atom between‘parallel five-membered rings of carbon atoms.  The con-
stitution of thesé compounds corresponds‘to the +2 oxidation state of iron.
The analogous compounds of +3 iron, Fe(C H5)2, are called ferricinium |

compounds. This portion of. the work is concerned with the structure of

: the ferricinium ion in the salt ferrlclnlum plcrate

The substance was found to form long, needle shaped crystals,

suitable for a single_crystal x—ray structure determlnation.25 The
results of the work show the ferricinium ion also to be a sandwiéh,
similar to ferrocene;tbut with a glightly larger distance between the.

planes of the two rings..

B. Crystal Data

‘The chemical formula of the substance is C Fe, and the

16H12 507

molecular weight is 414 gms/mole. A single crystal of dimensions

0.146 x 0.246 x 0.308 mm was mounted on the tip of a small glass fiber
with a small drop of General Electric baking varnish No. 1202. The crystal
was aligned visually along the needle-axis, and later aligned more precisely’
on the goniometer. Weissenberg photographs show the crystal to be orthor-
hombic. The cell dimensions as measured on the gOniometervaré:

a = 12.478 £+ 0.006 A, b = 20.27k + 0.006 A, ¢ = 6u912'£ 0.012 A. The cell
volume is 17&8.6'A5. The density as measured by flotation in a mixture

of bromoform and benzene is 1.575 gms/cc. The calculated dehsity is

1.572 gms/cc. The number of molecules per unit cell is four, the space

group is Cmem. The linear absorption coefficient is p = 9.55‘cm"l(Mo‘Ka)..

No correction was made for absorption. o .
' (
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The intensities of 12M9 reflections were measured on the General
Electric XRD-5 spectrogoniometer. The spectrogoniometer and the method
of measuring the intensity data were described in the first section of

this thesis on pages 4-5.

. C. Structure Determination

Preliminary Welssenberg photographs indicated the structure to be
orthorhomic and C—féce centered. The hOf reflections were present only
fof £ = 2n, indiéating a ¢ glide perpendicular to the b axis. These
extinetions limit the’cﬁoice of space group to three: CmCQi,‘02cm, and
Cmem. _

To test for the correct space group, the point group symmetry
was sought by looking at Qaripus reflections to see if there was an
anomalous dispersion effect. By looking at the proper reflections, the
effect can distinguish between the three possible choices of mm2, 2um or
mmm point symmetry. " The test was done with both copper and molybdenum

radiation. Cooper was used because it gives a more pronounced dispersion

- effect when scattering from iron, although the absorption is alsd more

pronounced. Table X lists the results of these measurements.
The trend seems to indicate hkf = hkf = hkf = hk£, which does not
correspond with any of the three choices of point group symmetry, but

rather is indicative of 2/m symmetry. However, the discrepancy can be

" explained by absorption. The dimensions of the crystal were measured: -

at various ¢ angles and the mass absorption coefficient was computedl

Table XTI lists these figures. | ,
|
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Table X. Anomalous dispersion test for point group symmetry of ferricinium picrate.

Reflection

¢
(hk4)

1. 711 26°
AT 206°
711 26°
1 206°
M1 196°
T 16°
711 196°
i1 16°

2. bkl 52°

0 TIT 232°
5y 52°
T 232“
N 348°
LLY 168°

SAET - 3hg
T 168°

9778

_ - Copper
Uncorrected Correéted for
_absorption
x 10°
7126 cps. 360 cpé.
T148. 361
2y 380
7h11 374
7405 319
7495 319
1237 308
1562 315
7910 Lh7
7952 Lhg
826kh L67
82h1 L66
9850 396 _
9755 392
9869~ 396

393 -

Molybdenum - . _
Uncorrected Corrected for
absorption
X 10

1872 cps. 229 cps.

1895 231

1880 230

1884 230

1888 - 226

1883 206
- 1910 229

1919 230

2081 260

2081 260

2059 258

2070 260

2139 255
2139 255

2188 261

2153 256

_ng_



Table X. Continued

o

i«

k'-).

Refiection

¢
(hk£)

3. 591 . 69°
591 2L9°
591 69°
591 2L9°
591 23°
591 153°
591 . 333°
591 153°

b, =371 76°

371 256°
371 76°
z71 256°
371 306°
371 1k6°
271 326°

140

Uncorrected

| 4631 cps.

L656
4813
LepT

. 5364
5354
535k
5308

Thob
7628
7670
476
8972
9113
9090
8938

Intensity -
Copper |
Corrected for
absorption -
% 10°

oL cps;
2Ly

256

2k6

191

191

191

190

Lok

437

453

Loz

319 -

324

325

o

510

Molybdendm _

Uncorrected Corrected for
' absorption
X 10
1185 cps. 146 cps.
1179 145
1201 148
1185 1L6
1237 145
1229 1hlh
1200 142
1217 143
1806 225
1803 22k
1811 225
1808 225
1882 221
- 18ks5 217
1871 220
138k2 216

-GG~
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Téble XI. Mass absorption coefficients for various ¢ angles as determined

by the dimensions of the ferricinium picrate cfystal.

¢ Dimension (t) wt

Cu utMo
12°(192°) 0.19% mm 1.45 0.180
25° (205°) 0.216 . 1.62 0.202
50° (230°) 0.231 1.73 0.216
68° (248°) 0.22% 1.67 0.209
75° (255°) 0.231 1.7% 0.216
1307 (310°%) 0.146 1.10 0.137
1L45° (325°) 0.169 1.27 0.158
152°(33%2°) 0.169 1.27 0.158
qu(yﬁ ) 0.185 - 1.39 0.17%
B, = 75.0 cm

Cu

A 31mple e “t factor was us ed to make a correction for the
absorption on both the molybdenum and copper data. The corrected
molybdenum data within each set agree to 1-2% as shown in Table X.

The absorption factor over- corrects for the copper data, most likely
because of the limitations of the-simple model for larger absorption
effects. However, the centric pairs match up in all cases to within %%,
and in most'cases to better thun 1%, eliminating the possibility of mm?
or 2mm point symmetry. ' ’

Continuing with the structure determination,'the 1249 indepen-

dent reflection intensities were corrected for Lorentz and polarization

effects and used to compute a-three—dimensional Patterson function. The

iron-iron vector peak was found at x = 0.00, y = 0.38, z = 0.50. For

xR
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sPeciai position ¢, the space group Cmem gives Harker peaks at (O, éy, 1/2),
so that the iron atom position was immediately determined. Most of thg
remaining structure was evident from the vector peaks with the iron atom
translated to the origin. . :

The space group Cmcm requires that two mutually perpendicular
mirror planes pass through the molecule. One of the mirrors forces 'the
picrate to be planar, lying.in xy planes at z = 1/4 and z = 3/4. ‘The
picrates are also bisected by the second mirror plane. The two mirror
planesg further reqdire the cyclopentadiene rings to be eclipued. llow-
ever, the evidence gathered from the least squares refinements indicates
the structure to be highly disordered.

_ In particular, the nitro groups are twisted out of the plane of
the picrate, and the cyclopentadiene rings are more of a smear of electron
density than ten distinct carbon atoms. A three-dimensional Fourier calcu-
lated on the basis of the phases from a refinement with an agreement factor
of 9.2%, clearly showed a "doughnut-shaped" electron density for the cyclo-
pentadiene rings. Largé anisotropic thermal parameters were observed in

the z direction (B33) for all the oxygens and oné of the nitrogens (1) of‘

" the picrate, and for all the carbons of the ferricinium.

One oxygen (03) on the nitro group ortho to the phenol oxygen was
observed to be considerably disordered. During the early stages of the
least squares refinement, all the atoms of the nitfo groups had isotropic
thermal parameters less than 10, with the exception of the 0% which refined
to a B .= 36. A difference Fourier calculated on the basis of all the
Structuré exéept for the 05, clearly gave two large resolved peaks on .
either side of the plane of the benzene ring at the 035 position. 1In the

final stages, all the atoms were refined anisotropically. The 0% was

 allowed to move off the z = 1/4 mirror plane and treated as two half-atoms

in the least sqaares calculation. The final refinement putS'OB'O.BBA_in-
the z direction off the mirror plane, although this cannot be considered

an accurate distance.



-38-

The disorder is more apparent when the root mean square displace-

ment along the ¢ axis is calculated from the B Using the formula

33

8T u35, the following values of u,, are found:

53 35
Atom u55 Atom Eéé
c1 0.66 A 02 0.2 a
2 0.59 A o5 0.4 A
c3 ' 0.40 A ol 0.36 A
o 0.U1 A N1 0.48 A

With such large displacements, the mathematical model of the
thermal motion breaks down and the alternative is a disordered structure'where
the nitro- groups are tllted out of the plane of the benzene ring in 8
random manner, and the cyc]opentadlene rlngs are a "doughnut- shaped
'smear of electron den51ty
. The fractional coordinates and their estimated standard deviations
for the structure are listed in Table XII. Table XIIT lists the anisotropic
thermal parameters and thelr estimated standard dev1atlons ‘The final agree-
ment factor for this structure is 8. 5% using 996 non-zero data. The welghted
- sum of the squares of the residuals is 23%6.45 with all weights taken as unity
Table XIV lists the observed and calculated structure factors for the 1249
independent reflections. The asterisks mark the intensities which were
observed to be zero. These reflections were assigned zero weight.in the
least squares caleculations.
As was mentioned earlier, two other space groups are possible'giveu

1

ment was done for Cmc?l and a partial refinement for_C2em.

~ Space group Cmc2

the observed hkf extinctions. These are Cmc2, and C2cm. A complete refine-

l-has only -one mirror. pilane which is perpendicular.
to the plane of the picrate. This allows free rotation of the nitro groups
out of the plane of the benzene ring. Results of a full-matrix least

squares calculation with all atoms anisotropic show that all the atoms of

B
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. Table XII. Fractibnal coordinates and their estimated standard

deviations for the structure of ferricinium picrate.

Atom X., ' Y Z , o | Uy o,
Fe (0.0000)°  0.1862  (0.2500) -- -- --
c1 0.1344 0.2446  (0.2500)  0.0007  0.0005 --
cz . 0.1338 0.2012 0.0843 0.0006  0.0005 0.0016
¢3  0.130  0.139%%  0.1486  0.0005 0.000k 0,001k
Ch (0.0000) 0.4416  (0.2500) --  0.0005 --
c5 0.0939 0.4823  (0.2500)  0.0006 - 0.000k -
6 0.0950 0.5503  (0.2500) ~0.0007  0.000k --
c7 (0.0000) 0.584%0  (0.2500) - 0.0005 -=
o1 (0.0000)  0.3812  (0.2500) -- 0. 000k --
02 0.2123 0.39%3  (0.2500) 0.0005  0.0003 -
03 0.2716 0.4818 0.3756 0.0006  0.000% 0.0017
oht 0.0855 0.6825 (0.2500) 0.0006  0.0003 -
N1 0.1990 0.4511  (0.2500) 0.0006  0.000k --

N2 (0.0000) 0.6536  (0.2500) - 0.0005 =~ --

Coordinates in parentheses were constrained in the least

squares calculation.




Table XIII. Anisotropic thermal parameters and their estimated standard deviations for the structure

of ferricinium picrate. Units are KZ.

a o - 0 g g g

Atom Biy By, 333 Blz B Bys 1 B, By3 By B13 B,
Fe 3.089 3.826 5.721 (o.ooo)* (0.000) (0.000) 0.059 0.067 0.088 --  -- -
C1 2.128  3.260 34.510 -0.625 (0.000) (0.000) 0.310 0.375 2.629 0.303 -- -
c2 4,393 12.716 11.926 0.083 1.480 4,888 0.316 0.693 0.742 0.446 0.420 0.649
C3  3.991 9.245 12.960  1.304 0.307 -3.215 o.27i 0.448 o.7kk 0.318 0.361 0.485
Ch 3,666 2.990 6.564 (0.000) (0.000) (0.000) 0.446  0.408 0.671 -- - --
Cc5 3.759 L.292  6.39%  0.354 (o.oob) (0.000) 0.327 0.364 0.464 0.272 -- -
6 L.2hkz L4.215 7.861 -0.68%  (0.000) (0.000) 0.369 0.357 0.560 0.308 -- --
C? 4.393 3.052' 5.146 (0.000) (0.000) (0.000) . 0.499 0.409 0.562 -- |  -- —
01 4,488  3.605 13.182 (0.0600) (0.000) (0.000) 0.398 0.353 0.860 -- - -
02 5.289  5.384 14,651  1.416  (0.000) (0.000) 0.336 0.328 0.687 0.291 -- -
03 4,391  7.113 13.665 -0.402 -2.675 ~ 0.642 0.355 0.558 0.843. 0.361 o.u83 0.561
Ok 7.812 3.762 10.066 -1.377 (0.000) (0.000) O.409 0,255 O0.4Ok 0.28% -- -
N1 L.137 3.861 18.789 0.325 (0.000) (0.000) ©0.354 0.328 1.065 0.301 .-- -
N2 5.877 4.021  5.860 (0.000) (0.000) (0.000) 0.562 0.450 0.57L -- -- -

" _ A , — ‘
Thermal parameters in parentheses were constrained in the least squares calculation.

..O-t-l._ .
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Table XIV.

-4~

Observed and calculated structure factors for ferricinium

picrate.
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the picrate remain within 0.02z of the z = 1/4 plane. The 05 was un
exéeption and it moved to z = 0.12. All.atoms had 855 thermal param-
eters as large or larger than those refined in the centric space group,
further evidence that the structure is indeed disordered. The cyclo-
pentadiene rings refined to an asymmetric structure in space group
Cchl. When the more symmeéric ferricinium structure from thercentric'»
refinement was introduced, it refined back to the asymmetric structure.
Thé agreement factor is R = 7.3% and the weighted sum of the squares of
~ the residuals is 181.03. All weights were assigned to unity except for
the zero intensities which were given zero weight.

Space group C2am offers no particular advantage over the centric
space group since the mirror'plane still requires the picrate to be planar.

For this reason, refinement was not completed for this space group.

D. Discussion of the Structure

The space group Cmem requires that two mutually perpendicular
mirror planes pass through the molecule. The picrate anions lie in xy

mirror planes at z

i

1/4 and z = 3/4. They are also bisected by the yz
mirror planes at x = O and x = 1/2. The iron and four atoms of the picrate
lie at the intersection of the two mirror planes. The cyclbpentadiene rings
are in planes perpendicular to x, at x = 0.1%3 and x = -0.13. Figure 5 '
illustrates one molecule of ferricinium picrate in a projection along‘the'

c axis. The 0% atom (dotted in the figure) was allowed to move off the

z = 1/U mirror and tre ated as two half-atoms in the least squares calcula-
tion. The reason for this is discussed earlier in the text. Eight carbons

~of the cyclopentadiene rings also lie off the z = l/h mirror, and are illust-

rated by two concentricfcircles, the outer one solid and the inner cne dotted.

Because of the disorder in the structure, the bond distances and bond angles
as given in the figure cannot be considered too reliable.
The disordered structure for the picrate in this work is in agree-

ment with similar structures determined by other workers. In preliminary

hd
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“~ the ortho nitro group is rotated 26

results for potassium picrate,
and the para group 6° out of the plane of the benzene ring. For picrylv
azide,27 CAH N Og, the two ortho groups are rotated 14° and 58° respec-
tively and the para group 7° out of the plane.

' The disqrder of the cyclopentadiene rings can be explained by a
smearing of the electron density in the ring, also observed by Dunitz,
Orgel and Rich for the ferrocene structure.19 Because of this smearing,
the iron-carbon and carbon-carbpn bond lengths are not known to better
than 0.02 A. An average iron-carbon distance in ferricinium of 2.06 A
agrees within the accuracy-of Dunitz, et al.lg

A more reliable measurement is from the iron to the plane of the
cyclopentadiene ring. The value calculated for this struéture, taking an
average value of x, is 1.684 + 0.005 A. 1In the ferrocene structure, the
distance from the iron to the center of gravity of the ring is 1.66G0 A.
It was suggestéd by I. Pavlik and J. Klikarka28 én the basis.df inira-
red spectra measﬁred for ferricinium picrate, that the iron-cyclopenta—
diene ring bond is weaker and more ionic than for ferrocene. This could

account for the increased distance between the iron and the planes of the

cyclopentadiene rings.
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FERRICINIUM PICRATE
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Fig. 5. The crystal structure of ferricinium picfate.
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