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ABRSTRACT
Two new compounds, u—[2,3,7,8,12,13,17,18-octaethy1porphyriﬁ]—bis-
[ﬁricarbonylrhenium(l{], (C3gHyyNy) [Re(CO)3]2 and a salt of a mono-
cationic porphyrin acid, octaethylporphinium tri-p-chlorohexacarbonyl-

+ -
dirhenate(I), (C3gHy7Ny) [Rez(C0)gCl3] , have been synthesized by the

reaction of a 2:1 mole ratio of rhenium pentacarbonyl and octaethylpor-

phyrin in refluxing decalin under argon. The structure of the latter
was determined from three-dimensional diffractometer data. A total of

! 10,792 independent reflections was measured. The compound crystallizes
: in the monoclinic space group P2;/a with a unit cell of a = 18.140(3),

g b = 19.847(3), ¢ = 13.625(2)A, B = 111.64(2)°. There are four molecules
| in the unit cell. The structure was solved by heavy-atom methods and
refined by least-squares techniques to a conventional R index of 0.045

for the 5995 reflections having 1 2 30 The porphyrin monoacid cation

I
has three coplanar pyrrole rings with the plane of the fourth ring tilted
by 8.6° from the mean plane of the other three. Evidence indicates that
the nitrogen atom in ‘he tilted ring has sp3 hybridization. The anion,
which was hitherto unknown, consists of two rhenium atoms bridged by
three chlorine atoms. Three carbonyl groups complete the octahedral
coordination on each metal atom. There is a water molecule of crystal-
lization which is involved in hydrogen bonding with the pyrrole nitrogen
& atoms of the cation. The salt could also be prepared using a 1.5/1
Re(CO)SCIIHZOEP mixture with (H—OEP)Re(CO)3 as the other product. Anal-

agous compounds could be made using mesoporphyrin IX dimethyl esater

4. and Re(CO)sBr, but the monocationic porphyrin species could not be ob-




tained when meso-tetraphenylporphyrin was used.

' it s sl

i it b




ki
\\\
\\ INTRODUCTION
Q&he metal-carbonyl insertion nethoci2 has been found usefu. for the
preparation ol bimetallic porphyrin complexes of rhodium, rhenium, and
technetium.sﬁG Metal carbonyl halides are mcre reactive reagents than
metal carbonyls for the synthesis of bimetallic romplexes of porphyrins
as well as bimetallic salts of porphyrin acids &% ror example, dimeric
rhodium dicarbonyl chloride reacts with porphyrliién benzene at ambient
temperature or in boilling chloroform to form a dirhodium porphyrin com-
plez or a dirhodium salt of a porphvrin diac1d.?*!% In the present work
it was discovered that dimeric rhenium tetracarbonyl halides are also
capable of reacting with porphyrin in refluxing decalin to form a mono-
rhenium or a dirhenium porphyrin complex as well as a salt complex of a
porphyrin monoacid.!! This salt contains a hitherto unreported anionic
dimeric halocarboayl rhenium complex, tri-u-halogeno- hexacarbonyldirhen-
ate(I). The structure of the salt containing chlorine as the halogen
and octaethylporphinium monoacid as the cation has been elucidated by
several means, primary among them being an x-ray structural analysis. A
preliminary communication on this work has been published.ll
Only a fex porphyrin acid structures have heen reported. Most of
these have been porphyrin diacids. The earlier studiea revealed mac-
rocycles with large deviations from planarity, presumably because of
the non-bonded interactions between the four imino hydrogen atoms.7
However a more recent report on the structure ofan}%08P2+ salt (OEP =
octaethylporphyrin anion) showed that the macrocycle in that case was

nearly planar.lo Monoacid porphyrin cations are uncommon. Samuels,

Shuttleworth, and Stevens!? reported the preparation of a tri-iodo de-

‘|
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rivative of octaethylporphyrin. A later x-ray structure determination,
reported by Hirayama et. al. in a short communication, revealed that
this compound should be fcrmulated as (H30EP)+I3_.5 While the macrocycle
in this case shows some deviations from planarity, the H-H contacts
inside the porphyrin "hole" are still too short if the pyrrole nitrogen
atoms are assumed to be trigonally hybridized. Thus partial sp3 hybrid-
ization of the nitrogen atoms has been proposed for both the monocationic
and dicationic octaetuylpornhyrin salts.%s10 Such a hybridization would
be necessary to explain the proposed hydrogen bonding in the HMOEP2+
structure.'’

In all of the porphyrin acid structures so far reported, the data
have not been of sufficient quality to examine these suggestiors ade-
quately. However in the present case, crystals of excellient quality
were available. Thus in addition to elucidating the nature of the
material obtained in the synthetic procedure, a full x-ray analysls

promi_ed to shed some light on the nature and conformations of the

porphyrin acids.

RESULTS AND DISCUSSION

Monocation Porphyrinium Tri-u-halogeno-hexacarbonyldirhenate(I).

When a mixture of Re(CO)¢Cl and H,0EP in a 2:1 mole ratio was
refluxed in decalin under argon and then allowed to stand at room
temperature, a large quantity of burgundy colored crystals formed,
leaving a solution of dirhenium octaethylporphyrin complex,
OEP[ke(CO)3]2. The burgundy colored substance was recrystallized from

dichloromethane/cyclohexane as dark red crystals, (I), mp 215-220°. The




structure of the new compound was formulated ag (H,OEP)+ [Rez(C0)6C13]'.
monocation octaethylporphinium tri-p-chlorohexacarbonyldirhenate(l),
based on elemental analysis, spectroscopic data, and a single-crystal
x-ray diffraction analysis.

Compound 1 has visible absorptions in dichloromethane at 390
(Soret band), 530, 555, 570, and 602 nm. The visivle spectrum is
extremely similar to that of monocation octaethylporphinium triiodide,
(H30EP)+'I3' (the only previously known porphyrin monocation salt)’, and
is distinctly different from that of the dication salt, (H _OEP)**-2C1-
(Figure 1).* When ethanol is added to the dichloromethane solution of
I, the visible spectrum reverts to that of meta) free octaethylporphyrin
H,0EP. The infrared spectrum of 1 in the solid state (KBr peilet) has
*wo broad peaks at 2350 and 3375 cm ! attributed to stretching vibrations
of the two chemically independent N-H bonds, and three strong metal-car-
bonyl stretching bands at 1950, 2020, and 2050 ca~!. The far-infrared
spectrum of I (in Nujol) has two broad metal-halide stretching peaks at
200 and 250 cm~!., The pmr solution of 1 in deuteriochloroform shows
two sharp peaks at 1.90 (t) and 4.20 (q) § for the ethyl substituents
and two broad peaks at 10.70 and -3.50 § for the bridged r.ethine pro-
tons and the pyrrolic N-H protons, respectively.

The new cowpound 1 is moisture sensitive and thermally unstable.
It is fairly siable in dry methylenz chloride, tetrahydrofuran, and
ethylacetate but decomposes immediately in alcohols, acetone, and water
to free octaethylporphyrin, HZOEP. It can be kept under argon for
several days without decomposition in a vacuum desiccator stored ina

rafrigerator. However, it decomposes gradually to dirhenium octaethyl-
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porphvrin as indfcated by its visible absorption spectrum. Thi. +ehavior
wus confirmed by heating a purif{ed sample of 1 In decalin under argon
(Figure 2). Dirhenium octaethylporplvrinformed in the supernatant while
the undecomposed burgundy colorcd solid of | remained at the bettom of
the reaction flask. The umount of the dirhenium octaethylporphyrin
varied with the heating time and temperature. Prolonged heating of I

in reiluxing decalin caused further decomposition to monorhenium octa-
ethylporphyrin,(H-OEP)Re(CO)s, as indicated by its visible absorption
spectrum.!!

By reaction ot H,MPIXDME with stoichiometric quantities of Re{(CO).Br
or [Be(CO)uBr]g in refluxing decalin under argon, an analogous salt-like
complex of I was prepared: (H3HPIXDME)+[ke2(CO)SBra]‘. (II), monocation
mesoporphyrinium IX dimethyl ester tri-u-bromo-hexacarbonyl dirhenate(I).
This complex has chemical and spectrcscopic properties similar to that
of I (Figure 3). Therefore, a structure identical to that of I is pro-
posed for II.

On the basis of the stepwise changes of visible absorption spectra
of the reaction mixtu:e and the x-ray crystal structure of I, the fol-

lowing reaction scheme was proposed.

H,0EP + Re(CO)4Cl > (H-OEP)Re(CO)4 + HCl + 2C0+
(H-OEP)Re(CO); + Re(CO) Cl —————> OEP[Re(C0),], + HCL + 2cO+
2Re(CO) sC1 -y [Re(co),cL], + 2c0t
[Re(C0),C1], + HCL ————— - > H*[Re,(CO)C15]~ + 2CO4
H,OEP + HCl > (H40EP)*C1-

(H30EP)*C1- + H*[Re,(C0)Cl,|~ — (H,0EP)*[Re,(CO)(Cl,]~ + HCl
3 2 6v+2 3 2 6“*3




2H,0EP + 4Re(CO) (Cl -— -~ » (H,0EP)* [Re, (CO) C1,]~ + OEP[Re(CO),], + HC1¢

+ 8C0¢

Because of the instability of meso-tetraphenvlporphine monocation,®*’

none of the corresponding monocation tetraphenylporphinium analcgues could
be prepared; possible reasons for this instability are outlined by
Fleischer.®

X-Ray Structural Data

A preliminary study on the single crystal x-ray diffraction analy-
sis of (I) has already been reported.!! It is an fonic compound with
the porphyrin moiety present as a monocationic species, HaoEP+. In the
anionic species [Rez(CO)bCIi]'. the two rhenium ions have octahedral
coordination. They are joined by three bridging chlorine atoms. Three
carbonyl groups on each metal ion comrlete the coordination. ORTEP!13
drawings of the compound are shown in Figure 4. Figure 4a also shows
the nomenclature for the different types of carbon atoms and the desig-
nations for the four ringa. A stereoview of the entire formula unit,
including a water molecuie of cryastallization, is shown in Figure 5.

A. Cation

The imino hydrogen atoms appear to be localized on Rings A, B, and
C. Such a localization was postulated for the H303P+ cation as found
in the tri-iodide salt.’ The hydrogen atoms i{n that study were not
located directly, but the Ca-N°Ca angle for one ring was reported as
102° as compared to the values of 109° and 110° for the other . 10
crystallographically independent rings, which presumably bear imino
hydrogen atoms. A similar difference is noted in the present case.

Bond lengths and angles are tabulated in Table I. Some non-bonded con-




tacts of interest are aisu shown. Ring D, the pyrollenine ring, hax a
Ca-N'Ca bond angle of 105.3(6)°, while the analogous angles on the other
three rings are 110.6(6)¢, 108.3(6)°, and 110.8(6)°, These values cor-
respond to those tabulaied by Hoard!" for pyrrole rings respectively
lacking and carryving an N-H bond in free base porphyrins.

Unlike the earlier studies, electron density peaks corresponding
to the imino hydrogen atoms were found in the present case, thus confirm-
ing the localization of the hydrogen atomns. No evidence of any electron
denaity corresponding to a hydrogen atom bonded to N(4) (Ring D) was
found,

Of particular interest is the planarity of the cation. The free
base of octaethylporrwyrin is essentially pianar. The structure of meso-
tetraphenylporphyrin, HzTPP. has been reported as planar in a triclinic
crystalline mydifification!’® and as non-plane- in a tetragonal crystal-
line modification.!® Three structures of divalent cationic porphyrin
species have been reported. In the two earlier studies, both of which
invclved meso-substituted porphyrins, the cations are decidedly non-
planar.7 In these non-plant: species, the symmetry of the cations
may be described as S“. The non-planarity of these cations has been
postulated as a mechanism for reiieving thc crowding of the imino
hydrogen atoms. In a much more recent study, the HQOEP2+ cation, as
observed in a crystalline salt formulated as (HQOEP2+)[Rh(Clz)(CO)z—Jz,
is nearly planat.lo

As in the earlier study,S the monovalent H308P+ cation in the pre-
sent work has three of the four pyrrole rings (A,C,D) approximately

coplsnar. Information on least squares planes is given in ‘fabie II.




As {8 normally found the individual pvrrole rings are planar. For
rings A, C, and D the {nterplanar angles between adjacent pyrrole rings
are 3.2° and 2.7°. The twmximum deviation of an atom from the mean plane
of these three rings is 0.07; {for C{(2)). The fourth ring (B) is tilted
by B.6° from the plane of the other three rings. By way of comparison,
this angle is 14” in the trilodide salt. In the current study, inter-
planar angles between Ring B and the adjacent rings are 7.9° and 9.80,

It {8 believed that this deviation from planarity is due in part
to the tight H-H contacts of the imino hydrogens. Ring B, the one which
is not coplanar, bears the imino hydrogen atom which comes in closest
contact with the other two imino hydrogen ztoms. However this deviation
from planarity is still not sufficient to relieve the tight ccntacts
completely. In the present case, the H-H contacts are still - 1.5-1.6A
if we assume trigonal hybridization and a N-H bond length of 1.0;. The
minimum H-H non-bonded contact i{s usually taken to be 1.9-2.03.17

In both the H“OEP2+ salt '%nd in the trifodide salt of H3OEP+,5
sp3 hybridization of the nitrogen atoms has been postulated. Such a
hybridization would be advantageous for a number of reasons. Most
importantly, such a hybridization would relieve the tight d-H contacts.
A second rcason would be to explain the hydrogen bonding arrangement
found in some of thege compounds.

In rhe case of the H“OEP2+ salt 0 hydrogen bonds are postulated
between the pyrrole nitrogen atoms and one of the chlorine atoms of
the anion. For this to accur, the N~H bonds need to point more or less
directly towards the chlorine atoms, as would be the case if there were

sp?d hybridization of the nitrogen atoms.
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In the triiodide salt of H30EP+,5, no hydrogen-bonding is reported.
In the present casc there is hydrogen bonding between the pyrrole nitro-
gen atoms and the water molecule of solvation. Intermolecular contacts
between pyrrole nitrogen atoms and the oxygen atom of the water molecule
are shown schematically in Figure 6. N...O distances are 2.97, 2.99
and 3.053 for N(1), N(2) and N(4) respectively. These are short enough
to be considered hydrogen bonding distances. The fourth N..0 distance
(N(3)...0(7)) 15_3.223, probably too long to be considered a hydrogen
bond. There are also fairly short intermolecular distances between the
water molecule and two of the chlorine atoms of the anioﬁ (0(7)f01(1) 3.438;
0(7)-C1(2), 3.463) but these are probably too long to be considered O...Cl

hydrogen bonds.

At least one of the hydrogen bonds should involve an imino hydro-
gen atom, especially since N(4) has no hydrogen atom of its own, and yet
is implicated in the hydrogen bonding scheme. The observed hydrogen
atom positions would indicate that N(2) has at least some degree of sp3
hybridization, whereas N(1) and N(3) are trigonally hybridized. H(1)
and H(3) are 0.13% and 0.04% respectively out of the planes defined by
the pyrrole rings to which they are bonded. The bond angles also indi-
cate trigonal hybridization. On the other hand H(2) is 0.67% out of
the plane of Ring B in the direction of the water molecule. The N(2)-
H(2)..0(7) an-.e is 148°, The problem of tight H-H contacts 1is also
eliminated. The three H-H contacts are now 2.623 (H(l);H(Z)); 3.00 (H(1)-
H(3)); and 2,344 (H(2)-H(3)}. If the hydrogen atom positions are given
idealized values (assuming sp® hybridization for N(Z)Q'trigonal hybrid-
ization for N(1) and N(3), arnd a N-H bond length of 1.04) the correspond-

ing H-H contacts are 2.22, 2.23 and 2.193. B

. m———
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A caveat should be observed here. The positions of hvdrogen atoms
are 1ifficult to locate when heavy, highly scattering atoms such as rhenium
and chlorine are present and the accuracy of these positions is quite low.
The N-H observed bond lengths in this case are certainly underestimated and
the angles involving H(2) differ considerably from ideal values. Thus the
observed hydrogen atom positions should be viewed as merely an indication
of the nature of the nitrogen atom hybridization. However, other supportive

geometric evidence for the suggested hybridization is available.

The Ca-N-Ca angle in Ring B (108.3(6)°) 1is considerably less

than that found in Rings A and C (110.6(6)° and 110.8(5)°). 1In an N-

substitutad porphyrin, et:hoxycarbonylmet:hyloctaethylporphyrin,le the
Ca--N-Ca angle is 107° on the pyrrole ring which has the substituent on the
nicrogen atom. There is little doubt the nitrogen atom in this ring

has sp3 hybridization. On the other hand the angle is 110° in the ring

in which the nitrogen atom is trigonally hybridized and bears a hydrogen
atom,

The Ca—N bond lengths provide inconclusive evidence for this
hybridization scheme. One would expect a bond length of ~ 1,414 if sp3
hybridization were present, as opposed to ~ 1.35% if there were trigonal
hybr:l.d:l.zaltion.l'’18 The Ca-N distances are slightly longer in Ring B
than in the other rings, but this difference is not statistically sig-
nificant. Given the e.s.d. of ~ 0.01% in a bond length, it is not

unexpected that a differeace, if there 18 one, cannot be observed.

The average Ca-C distance of 1.42(1)3 is somewhat shorter than

b
the usual 1.44&, but once again it is difficult to judge the statis-

tical significance uf the difference. The Cb-Cb distances fall within

et i b s e L o
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the range tabulated by Hoard.!% With the exception of the Ca-Cm-Ca
angles, other bond parameters in the macrocyclic skeleton agree well with
those tabulated. These angles are larger than expected, especially

those involving atoms in Ring B, Opening of the Ca—Cm—Ca angle would
further increase the distance between the hydrogen atoms. In an oxo-~
dipyrromethene where both pyrrole rings bear imino hydrogen atoms, the
angle is 133°, presumably to relieve the close H-H contacts.l? Since
Ring D does not bear an imino hydrogen atom, the need for an extension

of the Ca—Cm-Ca angle is eliminated and the angles involving this ring
are smaller,

The values for terminal C-C bonds are unusually short. This is a
common obsgervation for octaethylporphyrin complexes and is probably due to
thermal shortening. Previous experience has shown that when these bond
distances are corrected for thermal motion assuming a "riding" model, more
reasonable values are obtained.2? However, thermal shortening does not com-
pletely explain the short C(35)-C(36) distance. This is undoubtedly short
because of the unusually long C(18)-C(35) distance. Norexplanation for
this long bond length is readily available. The large'thermal ellipsoids
and standard deviations for C(35) and C(36) may indicate some disorder,
but attempts to resolve this possible disorder failed. 'This bond length
was long in separate refinements using both the copper and molybdenum
radiation data (see experimental section).

B. Complex Anion

The preparative, 21-26 mechanistic2”,28 and e;pect:r:oscopic:z9"31 pro-~
perties of halocarbonyls of rhenium(I) have been extensively studied in

the past., Four series of halocarbonyl anions of rhenium(I) have been

reported: [Ra(C0)3X3]2; [Re(CO)uX2]7[Re2(CO)7X31, and [Rez(CO)¢Xy]2~.32,33

£ TR (M bR e WA e




13

The structure of these anlons were deduced from infrared spectroscopic
data. To our knowledge anions of the type found in the present study,
[Rez(CO)GX3 : have not been previously reported. No structural data
have been reported for these anionic rhenium(I) halocarbonyls. How-
ever the structure of a closely related neutral complex has been re-
ported. In this compound one of the bridging chlorine atc-s has

been replaced by a bis{di henylarsino)methane grcup (abbreviated as dam).
In the anion in the present work the average Re-Cl distance is 2.51(1)X,
the average Re-C distance is 1.88(2)3, while the average C-0 distance

is 1.15(2)3. These numbers agree well with those found in Re,(CO).(dam)Cl,
as do many of the other bond parameters.3® The Re~C and C-0 distances
also agree with those found in TPP[Re(CO)a]z.“ The Re(l)-Re(2) distance
of 3.375(1)3 is too long to postulate any sort of metal-metal inter-

actitng., None would be expected.

C. Molecular Packing

A stereoview of the packing in the unit cell is shown in Figure 7.
The reason for all eight terminal carbon atoms being pointed in one
direction with respect to the porphyrin ring is apparent.from this figure.
With this arrangement steric interactions with the porphyrin cation
related by a center of symmetry are avoided. This was also observed in
N-ethyoxycarbonylmethyl-octaethylporphyrin.l® The interplanar separation
between the cation and its centrosymmetrically related nearest neighbor
is 3.4&, which 18 the approximate layer separation in graphite. However
there are no unusually close contacts between atoms in the two macrocycles.

A listing of the intermolecular contacts £ 3,54 are given in Table III.
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With the obvious exception of the hydrogen bonding distances between the
cation and the water molecule, and with the possible exception of the
C1(2)-0(7) and C1(3)-0(7) distances which, though unlikely, may cor-
respond to weak O...Cl hydrogen-bonding distances, none of these contacts

is expected to have any significant effect on the vbserved structure.

EXPTRIMENTAL SECTION

Materials

Octaethylporphyrin,HZOEP, was purchased from Strem Chemical Co.;
Dirhenium decacarbonyl, Re,(C0),,, and rherdum pentacarbonyl chloride,
Re(C0) 5C1, were purchased from Pressure Chemical Co.; Decahydronaphthalene
(decalin) was purchased from J. T. Baker Chemical Co., treated with con-
centrated sulfuric acid, neutralized with sodium hicarbonate solution,
washed with distilled water, dried over anhydrous calcium chloride over-
night, filtered, and further dried over sodium wire; finally it was
distilled under vacuum and stored in a Schlenk tube under argon before
use. Other organic solvents were reagent grade chemicals, dried over
type 4A molecular sieve and distilled under argon before use.

Rhenium pentacarbonyl bromide, Re(CO)SBr, and dimeric rhenium tetra-

36.38

carbonyl bromide, [ke(CO)qBrjz, were prepared by literature procedures.

Physical Measurements

Elemental analyses were performed by Schwarzkopf Microanalytical '
Laboratory, Woodside, New York, 11377. Visible spectra were measured
witrh a Cary 14 spectrophotometer. Infrared spectra were measured with
a Beckman IR-8 spectrophotometer. Mass spectra were obtained on a CEC-

21-104 mass spectrometer. Proton Magnetic resonance spectra were ob-

aLRs,

LIERA
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tained using Varian T-60 spectrometers.

Monocation Octaethylporphirium Tri-p-chlorohexacarbonyldirhenate(1),
+ -

(H40EP) ™ [Re5 (CO) 6C13]7, (D)

A mixture of 95 mg (0.26 mmol) Re(CO)sCl and 65.5 mg (0.13 mmol)

H,0EP was refluxed in decalin under argon. The progress of the reaction
was followed by visible spectroscopy. The reaction was complete after
20 hr of refluxing. The decalin solution was then allowed to stand at
room temperature. A large quantity of burgundy colored crystals were
collected by centrifugation and washed with decalin and n-pentane.
Finally, the crude product was recrystallized from dichloromethane/cyclo-
hexane to give 84 mg (0.07 mmol) dark red crystals, (I), mp. 215-220°.
Anal. Calcd for Re,C,,H,,N,0,Cl3: Re, 31.50; N, 4.74; Cl1, 8.98. Found:
Re, 26.25; N, 4.81; C1, 8.91. The supernatant contained only dirhenium
octaethylporphyrin complex,OEPERe(CO)3]2, as indicated by its visjible
spectrum. About 55 mg (0.05 mmol) of the dirhenium octaethylporphyrin
complex was isolated from the supernatant solution.

The new complex I was also prepared by heating H,0EP and Re(CO)SCI
in a 1:1.5 mole ratio in decalin under argon for approximately 5 hr.
The supernatant contained only the monorhenium octaethylporphyrin complex,
(H-OEP)Re(C0O) ;, as indicated by its visible absorption spectrum. When
equimolar quantities of HZOEP and Re(C0)501 were refluxed in decalin un-
der argon for approximately 3 hr, only the monorhenium octaethylporphyrin
complex was formed.

Monocation Mesoporphyrinium IX Dimethyl Ester Tri-u-bromohexacarbonyldi-

rhenate(I), (HMPIXDME)*[Re,(C0) Br,]7 (II).
The reaction was carried out in essentially the same manner as that

described above, with rhenium pentacarbonyl bromide, Re(CO)SBr, substi-

'l \ .
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tuted for Re(CO)5Cl as the metal source. A 120 mg sample of H2MPIXDME
(0.21 mmol) and 180 mg (0.44 mmol) of Re(CO)SBr in about 20 ml of
decalin were heated under argon in ar oil bath. The reaction was ob-
served to proceed at a temperature of ca. 120° and the progress of the
reaction was followed by visible absorption gpectroscopy. A stepwise
change in the absorption spectra (Figure 3) and a continuous change of
color in the reaction mixture was observed. After 5 hr of heating, the deca-
lin solution was cooled to room temperature, A large quantity of burgundy
colored suhstance crystallized out and was collected by centrifugation,
washed with decalin and n-pentane, and finally recrystallized from ethyl
acetate/cyclohexane/dichloromethane to give 186 mg (0.14 mmol) dark red
crystals, (II), mp 180-185°. Anal. Calcd for Re,C,,H, ,N,0,,Br,: C, 36.63;
H, 3.13; Re, 27.10; N, 4.07; Br, 17.82. Found: C, 35.74; H, 3.26; Re,
29.74; N, 4.31; Br, 19.58. The supernatant contained only the dirhenium
mesoporphyrin complex, MPERe(CO)S]Z, as indicated by its visible ab-
sorption spectrum. Atout 75 mg (0.067 mmol) of the dirhenium mesopor-
phyrin complex was isolated from the supernatant solution.

Compound II can also be prepared in essentially the same manner

as that described above, with dimeric rhenfium tetracarbonyl bromide,

[?e(CO)uBr]Z, substituted for Re(CO);Br as the metal source. H,MPTXDME

(198 mg, 0.33 mmol) and [Re(CO),Br], (304 mg, 0.40 mmol) were mixed in |
about 20 ml of decalin and heated under argon in an oil bath. The ;
reaction was observed to proceed at a temperature of ca. 105° and the

progress of the reaction was followed by visible absorption spectroscopy.

Attempted Preparation of meso-Tetraphenylporphyrin Monocation Salt

The reaction of stoichiometric quantities of Re(CO)5C1 with HyTPP in

T L R
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refluxing decalin under argon, in a manner similar to that used in pre-
paring the salt-like complex I, resulted in a mixture of the meso-tetra-
phenylporphyrin dication salt,(H“TPP)++~2C1‘. and the monorhenium tetra-
phenylporphyrin complex, (H-TPP)Re(CO)j.

X~-Ray Study

The crystals of I grew as parallelepipeds elongated along ¢ and
bounded by {110}. The crystal chosen for intensity measurements
measured 0.23x0.34x0.44 mm. The crystal was mounted in a capillary at
an arbitrary orientation,39 but with the ¢ axis approximately parallel
to the spindle axis. In the capillary the crystal has remained stable
for over two years.

Crystal data are listed in Table IV. Cell dimensions were determined
by least squares, minimizing the differences between observed and calcu-
lated 20 values. 24 Cu Ka(k = 1,54178A) reflections, all having 26 in
the range 50-52.5°, were measured at both + and - 28. A Syntex-Datex
automated diffractometer equipped with a graphite monochromator was used.
The systematic absences uniquely determined the space group as P2j/a.

A set of intensity data were collected on the Datex-Syntex diffrac-
tometer using Cu Ko radiation, using the 6-26 method. A total of 4946
independent reflections were measured out to ca.100% in 26 , the machine

limit. Of these 3463 were considered observed and were used in the anal-

ysis. They were corrected for absorption effects using a Gaussian ine-

gration method.

From these data the structure was elucidated, which provided the
basis for the preliminary communication.!l However for a number of

reasons it was decided to recollect the data using Mo Ka radiation
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(A = 0.71069&). At the machine limit of 100° in 26, a large percentage
of the reflections still had intensities which were considered to be
observed. Collection of the data to a higher sin 6/) limit would increase
the accuracy of the structural parameters. Also, the high linear ab-
sorption coefficient for Cu Ku radiation (119.5 cm™%) introduces a large
systematic error which an absorption correction could only approximately
correct. Low order reflections are the most affected by abscrption ef-
fects. It is these same reflections which contain a significant contri-
bution from the scattering power of the hydrogen atoms. One of the hopes
of this study was to locate the imino hydrogen atoms. In the presence
of rhenium and chlorine a.oms, which have a high scattering power, lo-
cating the hydrogen atoms would require a good set of data as free from
systematic error as possible.

Therefore the data were recollected on a Syntex P2 diffractometer
using Mo Ka radiation. The same crystal was used. Intensity data for

10,792 unique reflections, (20ma

= o - .
017 x = 55, (sin 8/)) = 0.65) were obtained;

the w scan method was employed with a scan range of 0.6°. The scan rate
varied from 2°/minute to 12°/minute, depending on the number of counts
accumulated in a rapid preliminary scan. The intensities were normalized
to counts/min. Background measurements were taken at both ends of the
scan with w displaced by 0.7° from the Ka peak; each measurement was made
for one-half of the scan time. The intensities of the four standard
reflections were monitored after every 89 reflections. Omly statistical
variations were observed and no corrections were applied.

Only the 5995 reflections with I 2 30I were used in the analysis.

The standard deviation o, was determined in terms of the statistical

I
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variances of the counts as 012 - 012 (count) + 70.03 Fo)2 where Fo is

the observed ¢  ructure factor and o t) is the standard dev’ation

Iz(coun
based solely on counting statistics.

Absorption corrections were made to the data using a § scan techniyue,
observing the change of intensity of the 521 reflection. The minimum
intensity observed for this reflection was 627 of the maximum. A scan
of several other reflections gave similar results. Structure factors
were calculated in the usual way assuming a 50X ideallv perfect-50%
ideally imperfect monochromator mounted in a parellel orientation.
Determination and Refinement of the Structure

Because there are four molecules in the unit cell of gpace group
PZ,/a. no crystrllographic symmetry is imposed on the molecule. The
pouitions of the rhenium atoms were found from a Patteraon synthesis,
using the data collected with Cu l(u radiation. The positions of the
remaining 56 nu~-hycrogen atocms were found from a series of difference
Fourier map: . Included among these atoms was a pe:rk attributable to a
water mclecule of crystallization.

Leust-squares refinements using block diagounal and finally full-
matrix methuds were carrlau out. The function minimized wasiw(Fo-F:)2
where v = llon. Refinement using the CUKG data was not carried beyond
the sta e where isotropic temperature factors were used. At this
stage R = E|F°|-|FC|/EFo was 0:106,

Further refinement utilized the Mo Ku data. The thermal parameters
of the non-hydrogen atoms were refined anisotropicall;. The large
number of paraneters required refining the formula unit in blocks,

alternately 1 “ining the anion and then the cation and water molecule.
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After several cycles of refinement, AF syntheses were calculated
in an effort to locate hydrogen atoms. The three imino hydrogen atoms
were thus found. However many of the hydrogens on rhe peripheral atoms
were not located or were in chemically unreasonable positions. The posi-

tional parameters of the imino hydrogen atoms were refined. The thermal

parameters for these three atoms were not refined, but were set as B = 4.0A2,

as was the case for all hydrogen atoms. Idealized positions for the other
hydrogen atoms were calculated except for those on the water molecule.

A C-H bond length of I.OX and a staggered configuration for the methyl
hydrogens was assumed. The contributions from these were added to the
calculated structure factors but the posi. .ns were not refined. However,
before the final cycles of refinement, new pusitions were calculated and
used. The refinement converged with R = G.046 and R = Zw" F°|-|Fc"/ZwF02-
0.047. The final value of the standard deviation of an observation of
unit weight, defined as IZwlpol-IFCIZ/(NO-NV)I” was 1.72 for N = 5995
reflections and Nv = 532 variables. In the last cycle of refinement all
shifts were considerably less than one standard deviation. There were
five peaks on the final difference Fourier which were above 1 e/A3. Theae
were all close to the rhenium atoms. Neither they nor any other pesk

in the final difference Fourier were believed to have any physical sig-
nificance.

Correction for anomalous dispersion were made for all non-hydrogen
atoms. 0 Scattering factors were from Ref.4l. The rhenium and chlorine
atoms were assumed to be in the zero ionization state. No evidence of
secondary extinction was found.

The structure was solved and the initial refinement performed on
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the IBM 360/65 and its succescor at Texas A&M, the Amdahl 470 v/6. Most
of the programs used have been listed elsewhere.“2,“} 1In addition the
data collection and data reduction programs used for the molybdenum data
are those supplied by Syntex Analytical Instruments. Most of the final
refinements and calculations were performed on a PDP 11/40 computer using
the Enraf-Nonius Structure Determination Package (SDP).

The tinal positional and thermal parameters for the nothydrogen
atoms and the three imino hydrogen atoms are given in Table V. The final
calculated positions of the other hydrogen atoms are given in Table VI,
Tables VII and VII1 contain the root-mean-square-components of thermal
displacement along the principal axes of the thermal ellipsoidt and the
observed and calculated structure factors respectively. Tables VI-VIIT

are avallable as supplementary material,

Acknowledgement. The authors wish to thank Professor Shinzi Kato for

many helpful aud stimulating discussions. We wish to acknowledge sup-
port of this research project by the Office of Naval Research, the
Robert A. Welch Foundation, (A-328), .nd the Texas Agricultural Experi-
ment Station (H-1668). In the later phases support was also given by
the National Institutes of Health (AM20051) and the National Science

Foundation (CHE76-15557).

Supplementary Material Available: Table VI-VIII containing the calcu-
lated lated hydrogen atom positions, the root-mean-squarc components along
the principal axes of the thermal ellipsoids, and observed and calculated
structure factors. Ordering information is given on any current masthead

page.




(W]
.

10.

11,

lz.

13.

15.

16.

17.
15,

19.

20.

REFZRENTES
22

a. Department of Chemistry; b. Department of Biochemistry and
Biophysics.

M. Tsutsui, M. Ichikawa, F. Vchwinzel, and K. Suzukt{, .. Am. Chen.
Soc., 88, B854 (1966).

H. Ogoshi, J. Seteune, T. Omura, and Z. Ycshida, J. Am. Chem. Soc.,
97, 6461 (197Y).

M. Tsutsui, C. P. Hrung, D. Ostfeld, T. S. Srivartava, D. L, Cullen,
and E. F. Meyer, Jr., J. Am. Chem. Soc., 97, 3952 (1975).

N. Hiravama, A. Takenaka, Y. Sasada, E. Watanabe, H. Ogoshi, and
Z. Yoshida, J. Chem. Soc., Chem. Commun., 330 (1974).

H. Ogoshi, F. Watanabe, and Z. Yoshida, Tetrahedrcn, 29, 3241 (1973).

A. Stone and E. B. Fleischer, J. Am. Chem. Soc., 90, 2735 (1968).

F. Hibbert and K. P. P, Hunte, J. Chem. Soc., Chem. Commun., 728 (1975).

A. Takenaka, Y. Sasada. H. Ogoshi, T. Omura, and Z. Yoshida, J.
Acta Crystallogr, Sect. R, 11, 1 (1975),

?. Cetinkaya, A. W. Johnson, M. F. Lappert, G. M. McLaughlin, and
&. W. Muir, J. Chem. Soc., Dalton Trans., 12136 (1974).

) C. P, Hrung, M. Tsutsui, D. L. Cullen and E. F. Meyer, Jr., J.
Am. Chem. Soc., 98, 7878 (1976); b) C. P. Hrung, Dissertation,
Texas A&M University, 1975.

E. Samuels, R. Shuttleworth and T. S. Stevens, J. Chem. Soc. ),
145 (1968). '

C. K. Johnson, "ORTEP", Report ORNL-3794, Oak Ridge National Labor-
atory, Oak Ridge, Tenn., revised 1965.

J. L. Hoard in "Porphyrins and Metalloporphyrins", K. M. Smith, Ed.,
Elsevier, Amsterdam, 1975, see especially p. 337.

S. Silvers and A. Tulinsky, J. Am. Chem. Soc., 89. 3331 (1967).

M. J. Hamor,T. A. Hamor,and J. L. Hoard. J. Am. Chem. Soc., 86
1938 (1964). -

O. Ermer and J. D. Dunitz, Chem. Comamun., 178 (1971).

G. M. McLaughlin, J. Chem. Soc., Perkin Trans. 11, 136 (1974).

D. L. Cullen, P. S. Black, E. F. Meyer, Jr., D. A. Lightner, G. B.
Quistad and C. S. Pak, Tetrahedron, 33, 477 (1977).

D.L. Cullen and E.F. Meyer, Jr., Acta. Crystallog:. Sect. B, 32,
2259 (1976). -




23

21, E. W, Abel, G. B, Hargreaves, and G. Wilkinson, J. Chem. Soc., 3149
(1958).

22. B. N. Storhoff, J. Organometal Chem., 43, 197 (1972).

23, D. Vitali and F. Calderazzo, Ga-zetta Chim. Ital., 102, 587 (1972).

24, F. Calderazzo and D. Vitali, Coord. Chem. Rev., 16, 13 (1975)

25. R. Celtor and J. E. Garrard, Aust. J. Chem., 26, 529 (1973).

26. R. Colton and J. E. Garrard, Aust. J. Chem., 26, 1781 (1973).

27. F. Zingales, U. Sartorclli, F. Canziani, and M. Ravegli, Inorg. Chem.,
6. 154 (1967).

28, F. Zingales, U. Sartorelli, and A. Trovati, Inorg. Chem., 6, 1246
(1967).

29, M. A. Bennett and R. J. H. Clark, J. Chem. Soc., 3560 (1964).

30. W. A. McAllister and A. L. Marston, Spectrochim. Acta, 27\, 523 (1971).

31, M. S. Wrighton, D. L. Morse, and L. Pdungsap, J. Am. Chem. Soc.,
97, 2073 (1975).

32, E. W. Abel, [. S. Butler, M. C. Ganorkar, C. R. Jenkin» and M. H.
B. Stiddard, Inorg. Chem., 5, 25 (1966).

33, M. J. Hawkes and A. P. Ginsberg, Inorg. Chem., 8, 2189 (1962).

34, R, Colton and J. E. Knapp, Aust. J. Chem., 25, 9 (i972).

35. C. J. Commons and B. F. Hoskins, Aust. J. Chem., 28, 1201 (1975).

36. W. Hieber and H. Schulter, Z. Anorg. Allg. Chem., 243, 164 (1939).

37, E. W. Abel and G. Wilkinson, J. Chem. Soc., 1501 (1959).

38, E. W. Abel, G. B. Hargr-aves, and G. Wilkinson, J. Chem. Soc., 3149
(1958).

39, E. F. Meyer, Jr., J. Appl. Cryst., 6, 45 (1973).

40, D. T. Cromer and D. Liberman, J. Chem Phys., 53, 1891 (1970).

41, D. T. Cromer and J. T. Waber in "International Tablies for X-Ray
Crystallography', Vol. IV, J. A, Ibers and W. C. Hamilton, Ed.,
Kynoch Press, Birmingham, England, 1974, pp. 72-101.

42, D. L. Cullen, E. F. Meyer, Jr., and K. M. Smith, Inorg. Chem., 16,
1179 (1977).




e

43,

RERTE LI

RICER

L] N
AT T T

D. L. Cullen, E. F. Meyer, Jr., F. Eivazi, and K. M. Smith, J,
Chem. Soc., Perkin Trang. II, in press.

24




N(1) -c(1)
N(1) ~C(4)
N(2) -c(6)
N(2) -C(9)
N(3) -C(11)
N(3) -C(14)
N({4) -C(16)
N(4) -c(19)
c(1) -C(2)
c(1) -c(20)
C(2) -c(3)
c(2) -c(21)
C(3) -C(4)
Cc(3) -C(23)
C(4) -Cc(5)
c(5) -C(6)
c(6) -Cc(7)
c(7) ~-c(8)
Cc(7) -C(25)
c(8) -c(9)
c(8) -c(27)
c(9) -C(10)
c(10)~C(11)
Cc(11)~-Cc(12)
C(12)-c(13)
C(12)-C(29)
Cc(13)-C(14)
c(13)-c(31)
c(14)~-C(15)
C(15)-c(16)
c(16)~C(17)
c(17)-c(18)
C(17)-Cc(33)
c(18)-c(19)
Cc(18)-C(35)
€(19)-C(20)
c(21)~-c(22)

Cc(23)-Cc(24)
C(25)-C(26)
C(27)-C(28)

C(29)-C(30)

TABLE I

Bond Lengths (K) and Angles (deg)?

1.377(9)
1.351(9)
1.382(8)
1.391(8)
1.378(8)
1.363(8)
1.367(8)
1.364(8)
1.406(9)
1.366(10)
1.381(9)
1.
1
1
1
1
1
1
1
1
1
1
1
1

496(9)

.407(9)
.504(10)
.391(9)
.381(9)
417(9)
.348(9)
.523(10)
.410(9)
.516(9)
.381(9)
.352(9)
.435(9)

1.358(9)

Pt ek e fumd jmmt b et ek et fued et e

.520(9)
.421(8)
.520(9)
.392(9)
.392(9)
.425(9)
.341(10)
.495(10)
.419(10)
.698(20)
.407(10)
.458(13)

.467(12)
.449(12)
.480(13)

.486(11)

A. Cation

Cc(1) -N(1) -c(4)
Cc(6) -N(2) -C(9)
C(11)-N(3) -Cc(14)
C(16)-N(4) -C(19)
N(1) -2(1) -C(2)
N(1) -c(1) -C(20)
c(2) -c(1) -c(20)
c(l) -c(2) -c(3)
c(1) -c(2) -c(21)
c(3) -C(2) -c(21)
€(2) -C(3) -C(4)
c(2) -Cc(3) -c(23)
C(4) -C(3) -C(23)
N(1) -C(4) -C(3)
N(1) -C(4) -C(5)
c(2) -C(4) -c(5)
Cc(4) -€(5) -c(6)
N(2) -C(6) -C(5)
N(2) -c(6) -C(7)
c(5) -c(6) -Cc(7)
c(6) ~-c(7) -C(8)
Cc(6) -C(7) -C(25)
Cc(8) -Cc(7) -C(25)
Cc(7) ~C(8) -C(9)

Cc(7) -c(8) -C(27).

C(9) -C(8) -C(27)
N(2) -C(9) -C(8)
N(2) -C(9) -C(10)

c(8) -€(9) -c(10)

C(9) -c(10)-Cc(11)
N(3) -C(11)-C(10)
N(3) -C(11)-C(12)
c(10)-C(11)~-C(12)
C(11)-c(12)-Cc(13)
c(11)-c(12)-Cc(29)
c(13)-c(12)-Cc(29)
c(12)-Cc(13)-Cc(14)
c(12)-c(13)~C(31)
c(14)-c(13)-C31)

N(3) -Cc(14)-C(13)
N(3) -C(14)-C(15)
C(13)-Cc{14)-C(15)
c(14)-c(15)-c(16)
N(4) -C(16)-C(15)

N(4) —C(16)—C(17}7

110.
108.
110.

105

107

126
107
124

123

130

129

127
107

129

6(6)
3(6)
8(5)

.3(6)
106.
125.
128,

4(6)
3(6)
2(6)

.9(6)
124.
127.
107.
126.
.0(6)
.2(6)
.6(6)
128.
131.
.3(6)
107.
128.
108.
123.
128.
108.
127.
123.
107.
123.
129.
.0(6)
125.
105.
.0(6)
108.
123.
9@
.9(6)
128.
123.
107.
125.
127.
.0(6)
124,
110.

6(7)
5(7)
7(6)
3(6)

1(7)
3(6)

4(6)
8(6)
2(6)
8(6)
0(6)
8(6)
6(6)
6(6)
1(6)
5(6)
2(6)

6(6)
5(6)

7(6)
3(6)

3(6)
6(6)
1(6)
2(6)
7(6)

1(6)
8(6)
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c(31)-C(32)
C(33)-C(34)
C(35)-C(36)

N(1) -H(1)
N(2) -H(2)
N(3) -H(3)
N(1) -N(2)
N(1) -N(4)
N(2) -N(3)
N(3) -N(4)
N(1) -N(3)
N(2) -N(4)
€(5)-C(15)
€(10)-C(20)

Re(1)-Cc1(1)
Re{1)-C1(2)
Re(1)-C1(3)
Re(1)-C(37)
Re(1)-C(38)
Re (1)-C(39)
Re(2)-C1(1)
Re(2)-C1(2)
Re(2)-C1(3)
Re(2)-C(40)
Re(2)=-C(41)
Re (2)~-C(42)
Cc(37)-0(1)
C(38)-0(2)
C(39)-0(3)
C(40)~-0(4)
C(41)-0(5)
C(41)-0(6)
Re(1)=Re(2)

p—

.472(10)

[ary

.472(12)

p—

.262(18)

.62(7)
.84(7)
.62(8)
.002(9)
.908(9)
.940(9)
.945(9)
.226(8)
<113{9)
.782(10)
.883(10)

RARAELELFLPONNN WLWOOO

.517(2)
.501(2)
.493(2)
.889(8)
.852(10)
.877(8)
.530(2)
«509(2)
.501(2)
.091(9)
.897(9)
.867(9)
.142(8)
1,191(9)
1.138(8)
1.158(9)
1.125(8)
1.159(9)
3.375(1)

RO S-SR

C(15)~C(16)-C(17)
C(16)-C(17)-C(18)
C(16)-C(17)-C(23)
C(18)-C(17)-C(33)
c(17)-c(18)-c(19)
C(17)-C(18)-C(35)
C(19)~-C(18)~C(35)
N(4) -C(19)-C(18)
N(4) -C(19)-C(20)

€(18)-C(19)-C(20)

C(1) -c(20)-C(19)
Cc(2) -c(21)-c(22)
C(3) -C(23)-C(24)
c(7) -C(25)-C(26)
c(8) -C(27)-C(28)
€(12)-Cc(29)-C(30)
c(13)-c(31)-c(32)
C(17)-c(33)-C(34)
C(18;-C(35)~C{36)
c(1) -N(1) -H(1)
c(4) -N(1) -H(1)
C(6) -N(2) -H(2)
Cc(9) -N(2) -H(2)
C(11)~N(3)-H(3)
C(14)-N(3) H(3)

B. Anion

C1/1)-Re(1)-C1(2)
C1(1)-Re(1)-C1(3)
C1(1)-Re(1)-C(37)
C1(1)-Re(1)-C(38)
Cl(1)-Re(1)-C(3Y)
Cc1(2)-Re(1)-C(37)
C1(2)-Re(1)-C(38)
C1(2)-Re(1)-C(39)
C1(3)~Re(1)-C(37)
C1(3)-Re(1)-C(38)
Cc1(3)-Re(1)-C(39)
C(37)-Re(1)-C(38)
€c(37)-Re(1)-C(39)
€(38)-Re(1)-C(39)
c1(1l)-Re(2)-Cl1l(2)
Cl1(1)~Re(2)-C1(3)
C1(1)-R3(2)-C(40)

c1(1)-Re(2)-C(41)

C1(1)-Re(2)-C (42)
C1(2)-Re(2)-C1(3)
C1(2)-Re(2)-C(40)
Cc1(2)-Re(2)-C(41)
C1(2)-Re(2)-C(42)

" 91

125.
105
125.
128.
108.
127
122,
109
125
124,
127,
112
114
113.
112
113.
113
110.
93.
124
124
118
98
124
125

79
79
171
95.
97.
94.
93.
175.
92
173.
95.

88
89
76.
79
96.
170.
97.
80.
174,
95.
93

Table I contd

page 2

1(6)

.9(6)

3(6)
7(7)
1(6)

4(7)

7(18)

.9(6)
.2(7)

7¢7)
2(7)

.5(8)
.3(7)

4(8)

0(7)

3(6)

.8(6)

8(7)
4(15)
(8)
(8)
(3)
(5)
9)
(9

.06(5)
.87(6)
.0(2)

6(3)
1(2)
6(2)
8(2)
1(2)

.9(2)

4(3)
7(2)

.2(3)
.9(3)
.5(3)

68(5)

.47(6)

57(2)
9(2)
5(3)
37(6)
8(2)
6(2)

.9(3)
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page 3

C1(3)-Re(2)~-C{40) 96.8(3)
C1(3)-Re(2)-C(41) 92.7(2)
C1(3)-Re(2)-C(42) 173.9(3)
C(40)-Re(2)~C(41) 88.9(3)
C(40)-Re(2)-C(42) 88.7(4)
C(41)-Re(2)-C(42) 89.9(3)
Re(1)-C1(1)-Re(2) 83.93(6)
Re(1)-C1(2)-Re(2) 84.70(6)
Re(1)-C1(3)-Re(2) 85.02(6) ,
Re(1)-C(37)-0(1) 177.7(7) '
Re(1)-C(38)-0(2) 177.8(8)

Re(1)-C(39)~0(3) 179.2(7)

Re(2)-C(40)-0(4) 179.1(8)

Re(2)-C(41)-0(5) 177.5(8)

Re(2)-C(42)-0(6) 178.7(8)

47
Table I contd

8 Some nonbonded distances of interest are also given. Asterisks
indicate corrections for thermal motion.
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N(1)
N(2)
N(3)
N(4)
c(1)
c(2)
C(3)
C(4)
Cc(5)
c(6)
c(7)
c(8)
c(9)
c(10)
C(11)
c(12)
c(13)
c(14)
C(15)
c(16)
c(17)
c(18)
c(19)
c(20)
0(7)

Plamne
Plane
Plane
Plane
Plane
Flane

Plane 1

0.007
0.127
-0.013
-0.024
0.040
0.102
0.050
0.035
~-0.107
0.002
-0.189
-0.091
0.078
0.094
0.052
0.060
0.009
-0.041
-0.049
-0.023
0.004
-0.046
~-0.062
~-0.007
2.254

Plane 2

2.1

AU WN

TABLE II
Least Squares Planes

(-]
A. Deviations (A) From Planes

Plane 2 Plane 3 Plane 4 Plane 5 Plane 6
-0.027 -0.008 ~0.003 -0.298 0.106
0.027 0.092 0.208 ~0.009 0.095
-0.027 -0.024 0.109 -0.504 ~-0.002
0.027 ~-0.015 0.009 -0.677 0.117
0.044 0.036 -0.008 -0..73 0.203
0.082 0.091 0.016 -0.196 0.273
-0.020 0.026 ~0.018 -0.072 0.165
-0.043 0.008 0.014 -0.094 0.105
-0.226 -0.147 -0.100 -0.111 -0.096
-0.133 -0.042 0.057 0.018 ~0.040
-0.371 -0.247 -0.105 -0.022 -0.295
-0.266 -0.147 0.036 0.017 ~0.225
-0.047 0.035 0.204 -0.005 -G.011
-0.007 0.058 0.255 -0.108 -0.001
0.001 0.030 0.213 -0.331 0.000
0.034 0.045 0.258 -0.444 0.001
0.024 0.000 0.183 -0.674 -0.002
=-0.009 -0.038 0.094 -0.708 0.002
0.027 -0.035 0.054 -0.860 0.057
0.064 -0.004 0.034 -0.830 0.130
0.139 0.036 0.033 -0.958 0.221
0.082 -0.016 ~-0.059 -0.946 0.198
0.014 -0.046 -0.073 -0.771 0.135
0.047 0.003 ~0.055 -0.603 0.200
2,228 2.241 2.304 1.844 2.311
B. Angles (deg) between Least-Squares Planes
Plane 3 Plane 4 Plane 5 Plane 6 Plane 7
0.6 1.9 7.7 2.7 1.4
1.5 3.2 9.8 1.5 2.9
2.2 8.3 2.2 1.7
7.9 4.3 3.2
9.8 7.1
2.7
|

Plane 7

0.102
0 183
- .0l6
-.013
0.148
0.243
0.199
0.154
0.006
0.088
-0.107
-0.039
0.112
0.095
0.036
0.011
-0.055
-0.067
-0.071
-0.016
0.013
-0.005
-0.004
0.084
2.304
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Plane

Plane

Plane

Plane

Plane

Plane

Plane

a al11
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Table II contd
Page 2

C. Equations of Planes®
1 Macrocycle: N(1)-N(4), C(1)-C(20)

11.711x + 12,286y - 8.909z = -2.725
2 N(1)-N(4)

11.992x + 11.703y - 9.197z = -2,.854

3 N(1), N(3), N(4), C(1)-C(5), C(10)-C(20)

11.796x + 12.121y - 8.990z = -2.755

4 Ring A: N(1), C(1)-C(4)

11.274x + 12.454y - 9.063z = -2.909
5 Ring B: N{2), C(6)-C(9)

6 Ring C: N(3), C(l1)-C(14)

12.296x 4 11.627y 9.032z = 2,812
7 Ring D: N(4), C(16)-C(19)

11.899x + 12.36y - 8.693z = -2.628

plunes are unweighted. x, y, z are in monoclinic fractional coordinates.




TABLE III

Intermolecular Contacts (£) < 3.5%

C1(2)-0(7)  3.43 0(1) -C(33)8 3,47
C1(3)-0(7)  3.47 0(1) -C(34)2  3.20
C(38)-0(7)  3.46 c(s5) -c(3ant  3.45
N(1) -0(7)  2.97* C(27)-C(33)>  3.47
N(2) -0(7)  2.99*% 0(1) -C(24)¢ 3.30
N(3) -0(7) 3.22 0(2) -0(4)d 3,09
N(4) -0(7)  3.05% 0(3) -c(21)e  3.38

0(2) -c(10) 3.19
0(2) -c(11) 3.24
0(6) -C(36) 3.42

Superscripts denote the following equivalent positions
relative to positions given in Table V. No superscript
indicates only the identity transformatior has been made.
Asterisks indicate hydrogen-bonding distances.

a -x, -y, -z
b -X, -y, l-z

€ Aebx, -y, -1+z
d px, 4y, 2

e lﬁ‘x) ;2"7. =14z

30
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TABLE IV

Crystal Data for (CagHy,Ny)*[Re,(C0)gC?,17-H 0%

a = 18.140(3)A F.W. = 1200.6

b = 19.847(3)A 7 =4

¢ = 13.625(2)A d . yeq = 1-75 g/cm?

B = 111.64(2) p = 58.4 cm~{(Mo K radiation)
o o

V = 455943

SYSTEMATIC ABSENCES: hO£(h odd); OkO(k odd)

SPACE GROUP: P21/a

8 Estimated standard deviation of le.st sigrnificant
figures shown in parentheses

3
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Table V
Fractional Coordinates and Thermal Motion Parameters Derived from the

Least-Squares Refinement?

21In this and subsequent tahles estimated standard deviations for the least
significant figure are in parentheses. The Debye-Waller factor is defined
as T-exp[-Zﬂz(Ulla*2h2+U22b*2k2+ Uaac*zl2 + Ulza‘b*hk + Hlaa*c*hl + Uaab*c*kl)].

The values for U have been multiplied by 103, except fo: those of Re which have
been multiplied by 104, For those atoms refined isotrupically, the values

for B (multiplied by a factor of 10) are given in the column labeled Uy,.
Isotropic temperature factors are defined by T-espI-Hsinze)/AZ].
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Figure 1.

Figure 2,

Figure 3.

Figure 4.

Figure 5.

Figure 6.

Figure 7.
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CAPTIONS FOR FIGURES

tisible Spectra of (Hy0EP)*[Re,(C0)(C1,]” and (HAOEP)++201-.

Thermal Decomposition of (H

0EP)+[Re2(CO)6Cl,]— to Form
OEP[Re(C0),], in Refluxing 3 ?

ecalin.

Repeated Sean Spectrophotometry Showing Progress of the +
Formation of (H=-MP)Re(CO).,, MP[Re(CO0,)], and (H,MPIXDME)

= 3 3792 3
[Rez(CO)6Br3] .

1
a. ORTFP 3 drawing of the porphyrin cation, HQOEP+.

Numbering scheme is shown. Shown in parenthe%es are the
designations for the various types of carbon aroms, The
thermal ellipsoids are drawn for 50X probabiiilty, except
those of the hydrogen atoms which are not drawn to scale,
H(21) and H(40) are hidden behind C(26) and 7(34) respec-
tively.

b. ORTEP Drawing of the complex anion.

A stereoview of the formula unit of (H OEP)+ Re2(00)6013]- .
H,.0. The water of crystallization ie Illustrated by a
large circle. Imino hydrogen atoms are in?icated by small
circles. Other hydrogen atoms have been om: tted. The no-
tation of the pyrrole rings is shown. Note vhe tilt of
Ring B with respect to the macrocycle.

Schematic drawing showing the significant contacts between the
porphyrins cation and the oxygen atom of the water of crystal-
lization. The lines between nitrogen atous signify the planes
of the macrocycle. Of the hydrogen atoms shown, it is believed
that only H(2) is involved in hydrogen-bonding. This is in-
dicated by a solid line between H(2) and 0(7). The N(2)~-
H(2)-0(7) bond ang’e is also shown.

Steroview of the packing in the unit cell. {ircles of in-
creasing eize represent rhenium, chlorine and oxygen atoms
respectively.
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390

A} SREN +
(M3M)unh )
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3
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-
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4
— e oD Vit o eme
4

620

=% - 0% A
s

H MeIXDME

?
A
Figure 3. Repeated Scan Spectrophotometry Showing
. Progress of the Formation of (H—MP)Re(C0)3,
3 2 . + =
4 MP[Re(LO)3]2’ and (H3MPIXDME) [Re(CO)bBral .
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Figure 6
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Figure 7
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Synthesis, Characterization, and Structure of

Tri-u-halogeno-hexacarbonyldirhenate(I) Salts of Monocationic Porphyrin Acids

C. P. Hrung}a M. Tsutsui*%a D. L. Cullen:yb and E. F, Meyer, Jf&b
Department of Chemistry and Department of Biophysics and Biochemistry,
Texas Agricultural Experiment Station, Texas A & M University,

College Station, Texas 77843

and

.C.N, Morimoto, Syntex Analytical Instruments, Inc., 10040 Bubb Road,
Cupertino, California 95014

SUPPLEMENTARY MATERIAL
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ATOM

H(4)
H(5)
H(6)
H(7)
. H(8)
| H(9)
, H(10)
H(11)
H(12)
H(13)
H(14)
H(15)
H(16)
H(17)
H(18)
H(19)
H(20)
H(21)
H(22)
H(23)
H(24)

p.S

0.2085
-0.0949
0.0323
0.3407
0.4251
0.4241
0.4704
0.4914
0.53932
0.5 .9
0 011
0.4322
0.3491
0.4179
0.0226
0.0986
0.1802
0.1041
0.1340
-C.1217
-0.0853

mbww hydrogen atoms were assumed to have an isot

Y

0.1764
0.1803
-0.0741
-0.0706
0.0020
-0.0496
0.0287
0.0803
0.0092
0.1272
0,0898
0.1777
0.2150
0.2051
0.2690
0.2207
0.293¢9
0.3421
0.3323
0.2397
0.2705

Calculated Hydrogen Atom Positions

Z

0.8261
0.4134
0.2552
0.6568
0.9189
0.8190
0.7294
0.8294
0.8425
0.9678
0.9801
0.8903
0.8780
0.9949
0.8048
0.8652
0.8223
0.7610
0.8888
0.5341
0.6536

TABLE VI

ATOM

H(25)
H(26)
H(27)
H(28)
H(29)
H(30)
H(31)
H(32)
H(33)
H(34)
H(35)
H(36)
H(37)
H(38)
H(39)
H(40)
H(41)
H(42)
H(43)
H(44)
H(45)
H(46)
H(47)

X

-0.0170
-0.0534
-0.1121
-0.2180
-0.1909
-0.1220
-0.1490
-0.2154
-0.1024
-0.1675
-0.0818
-0.0167
-0.1014
0.1902
0.1018
0.1538
0.2422
0.1729
0.3257
0.2862
0.3349
0.3744
0.4052

Y

0.3521
0.3213
0.3566
0.0886
0.1456
0.2032
0.1462
0.1951
-0.0613
--0.0009
0.0561
-0.0043
-0.0191
-0.1984
-0.1653
-0.0757
-0.1088
-0.1473
-0.1812
-0.2207
-0.1451
-0.1057
-.1810

ic thermal paramete , B = 4-0A2

z

0.5971
0.4776
0.5290
0.1792
0.2722
0.1826
0.0897
0.1076
0.1535
0.1096
0.0470
0.0909
|°0°°§°
0.3017
0.2501
0.1852
0.2368
0.1496
0.5936
0.4811
0.4054
0.5179
0.5036

o o dau
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TABLE VII

' ROOT-MEAN-SQURRE AMPLITUDES OF THERMAL VIBRATION IN RiHGSTROMS.

_ATOM
N1
N2
N3
N4
c1
c2
c3
ca
€S
cs
. . ﬂﬂ
: . 3
3
| c1o
C11
c1z
C13
c14
€15
C16
c17
C18
C13
c20
c21
€22
c23
c24
€25
€26
c27
c28
cz29
C39
r3t
c32
€33
c34
c35
C3e
07

INT*MED.
0.259
fn.284
B.241
p.209
0.247
8.248
B8.247
B8.243
9.237
0.224
n.212
0.234
0.224
B.229
9.242
0.229
0.222
0.21i3
a.220
n.213
8.227
v.237
0.234
0.257
0.265
@a.337
n.272
8,333
0.233
0.238
8.2456
8.327
0.245
8.314
p.252
B.293
0.242
0.254
B.326
8.356
0.282

B.287

ATOM
RE}
REZ2
CL!
cL2
CL3
C3v
c38
€39

C4l
caz2
o1
02
03
04
05
06

MIN.
8.207
8.212
8.1935
9.285
0.228
@8.232
B8.196
8.1835
0.228
2.201
B.227
0.284
B8.243
8.229
8.219
B.221
B8.233

INT MED.

rmx.
0.258
0.283
0.264
0.265
B.255
6.288
8.356
8.325
0.348
8.328
n.354
8.419
8.367
0.399
8.124
0.335
8.476

P S C—




TABLE VIII
Values of 10 [Fo| and 10 |Fc|
+ .-
For (H30EP) [Rez(CO)6C13]
A. Data having 26 £ 45°

B. Data having 45°< 20 X 55°

46
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H3DEP+ RE2(COYECLI- MO DATR ©-49 DEG IN 2THETA 10 FO AND 1OFC PRGE 1
H ¥ F0OBS FCALC H K L FOBS FCALC H K L FOBS FCALC H K L FOBS FCALC H K L FOBS FCALC
6-189 @ 753 730 11-13 © 611 597 2 -8 B 261 238 16 -5 8 419 342 13-2 8 1578 1885
1-18 © 7€9 793 1-12 © 2159 2114 3-8 9 7’49 711 11 -5 © 1355 1281 15 -2 8 694 669
2-18 @ 7e3 7SI 2-12 0 4z2 428 4 -8 8 1749 1701 13 -5 B 378 839 16 -2 8 888 e43
4-18 © 873 &34 3-12 © 186 155 6 -8 0 382 331 14 -5 8 351 307 1 -1 0 1797 1527
5-18 @ 235 329 3-12 © 363 914 7-3 @ 229 178 1S -5 B 1617 1569 2-1 0 2526 2113
2-17 B 1158 1129 5-12 9 732 631 8 -3 @ 2376 2178 8 -4 @ 1923 1871 3 -1 8 1203 1128
3-17 O 2773 2134 7-12 © alals) 746 9 -8 o 382 353 1 -4 8 S37 505 4 -1 0 959 228
4-17 B 613 627 B-12 @ 367 953 i -8 8 846 769 2-4 B 3117 26888 5-1 0 2862 1962
5-17 8 102 1963 5-12 B 421 388 11 -8 0 869 738 3 -4 @8 2951 2699 6 -1 0 3806 3558
6-17 O 234 286 1p-12 0 838 T 12 -8 B 988 896 4-4 9 11392 1077 7 -1 8 2517 2353
7-17 8 £85 637 1:-1z @ 1287 1258 13 -8 @ 1187 1114 S-4 9 286 259 B -1 9 10825 97S
0-16 O 389 374 1-11 © 288 282 14 -8 8 368 384 6 -4 © 592 559 3 -1 8 979 961
1-16 8 366 532 2-11 @ 228 363 1 -7 © 1283 1215 7 -4 © 2148 1938 18 -1 0 1276 1203
2-16 B T vy 3-11 8 369 348 2-7 @ 2938 2792 8-4 8 12089 1199 12 -1 0 345 344
3-16 © Se0 939 4-11 @ 1881 1812 4 -7 8 2468 ¢ 2287 9-4 B 1875 1737 132 -1 0 418 k18!
4-16 © 1z 1237 5-11 @ 2065 1937 5-7 @ 2336 2149 10 -4 9 1837 958 14 -1 8 €71 gr9
S-16 B <83 530 6-11 9 1928 1736 6 -7 © 543 479 12 -4 0o 875 a1l 1§ -1 8 492 435
7-16 9 3743 463 7-11 @ 2379 2251 7 -7 8 2291 2189 13 -4 0 644 625 16 -1 8 321 296
g-16 @8 1048 935 8-11 @ 72l 706 8 -7 © 1458 1393 1S -4 8 888 877 2 B @ 3503 3214
1-15 8 996 161z 9-11 @ 362 296 18 -2 0 1932 1867 1 -3 0 2094 1578 4 8 © 1694 1588
2-15 © 417 413 ie-11 8 €12 258 11 -7 @ 1811 364 2-3 B 4372 4061 6 B 9 798 758
3-15 © 1€49 1619 11-11 B 7350 393 13 -7 @ 267 212 3-3 @ 1346 1732 B 8 0 7 743
4-15 © 357 336 8-i3 @ 3258 3401 14 -7 @ 1257 1208 4 -3 B 1682 . 1466 19 8 @ 911 919
5-1 O 22 174 1-190 @ 1084 1011 15 -7 9 219 346 5S-3 0 4493 336 12 2 © 2601 2498
95-15 @ T2 TS 2-18 © 1956 1855 2 -6 B 1197 1200 6 -3 8 1204 1198 14 8 2 1562 1455
18-15 8 523 4ar7 3-18 B 4394 435 1 -6 9 980 986 7-3 B 1625 1550 16 B B 346 321
e-14 A €82 643 4-18 B 631 €38 2 -6 0 2037 1960 8-3 8 378 935 0-13 1 1145 1146
2-15  © Ta5 T2 5-18 © 556 S11 3 -6 0 1891 1789 9 -3 o 343 294 -5-18 1 894 841
3-14 @ 1€13 1599 8-18 © 926 869 4 -6 0 2099 1934 1 -3 @ 1411 1366 -4-18 | 432 458
4-14 @ 362 2e0 18-10 ©8 Sv7 S8 S-6 9 1451 1276 11 -3 0 857 818 -3-18 1 763 a8
s-14 © 1107 1857 12-18 B 1694 1629 6 -6 @8 236 Z3 13 -3 0 474 458 -2-18 1 603 €13
6-14 O 21?7 84 13-18 O 414 4 7?7 -6 © 1877 1812 14 -3 @ 1241 1281° -1-18 1. 4695 41e
7134 0 855 822 1 -9 @ 606 562 8 -6 0 1628 1436 15 -3 @8 793 A 2-18 1 459 435
e-i1a o 327 307 2-9 0O 1753 16389 9 -6 0 2382 2235 i -2 P ves 665 2-18 1 546 55%
9-i14 © 1434 1363 3-9 @ 1298 1235 a8 -6 9 817y c 2 -2 B 431 S16 318 1 536 S73
18-14 @ 425 443 4 -3 92 1837 18926 11 -6 @ 288 296 1-2 8 5693 4614 4-18 | 227 22?7
11-14 B 2973 333 S -9 @ 1531 1492 14 -6 8 319 316 2 -2 B 1787 1582 -6-17 ! sal s
1-13 @ 611 €:n 6 -9 @ 3226 3167 15 -6 © 464 466 3-2 @ as3 BS6 -4-17 1 828 822
2-13 B 1260 122% 7 -9 8 1157 1993 1 -5 @ 2%11 2364 4 -2 8 2326 2132 =3-17 1 425 445
Z-12 B 7843 V9 8 -3 B 222 2122 2-5 0 =45 8688 5-2 0 213 178 -1-17 1 6898 2gn
4-13 © 1828 Qs! g -3 8 1010 76 3-5 © 175 1726 6 -2 B 662 586 8-1?7 i 243 210
S-13 B 93] €38 19 -9 © 598 Sv9 4-5 0 813 723 7 -2 8 353 350 I-17 1 835 804
6-12 O 9€9 924 11 -9 ¢ 572 552 5-5 0 560 553 8 -2 © 2163 2007 2=17 1 950 9339
7-13 © B82% 765 12 -9 8 618 562 6 -5 0 473 432 9 -2 © 223 194 3-17 1 283 276
8-13 3 680 641 14 -3 © Q72 444 7-5 @ 253 194 18 -2 @ 967 8s4 4-17 1 1148 1112
9-13 @ 236 227 ® -8 0 2057 20818 8 -5 @8 8r8 796 11 -2 @ 1813 1755 5-17 1 289 228
18-13 @ 3480 342 1 -8 © 2927 2918 9-5 @ 2031 igle 12-2 8 692 626 -7-16 1 433 434

[s]
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REZ(CO)ECL3- 110 DATA 0-48 DEG 14 2THETR 18 FO AND 1BFC PRGE 2

L FOBS FCALC H K L FOBS FCALC H K L FOBS FCALC H K L FOBS FCALC H K L FNRS FCALC
1 a36 442 =14 1 485 592 -7=11 1 354 325 -7 -9 1 411 449 13 -8 1 306 248
1 212 276 6-14 1 521 4e3 -6-11 1 472 432 -6 -9 1 1252 1284 14 -8 | 830 817
1 1330 1423 38-14 1 229 278 -5-11 1 859 872 -5 -9 1 489 498 -15 -7 1 324 a97?
! 1285 1273 9-14 1 1405 1382 -4-11 1 615 633 -4 -9 1 1128 1120 =13 -7 1 903 957
] 1342 1345 -12-13 1 663 €59 -3-11 1 1936 1854 -3 -9 1| 77 738 -12 -7 1 8031 S3
1 530 526 -180-13 1 18633 1123 -2-11 1 374 1985 -2-9 1 2460 2469 -11 -7 1 26 239
1 677 €83 -9-13 1 754 23 -1-11 '} 2775 2743 -1 -9 1 1162 1116 -1 -7 1 1935 2057
1 628 €353 -8-13 1 356 362 2-11 1 18243 1828 8 -9 1 3325 3762 -3 -7 1 437 441
1 223 z4a2 ~-7-13 | 2E8 206 1-11 1 1298 1273 1 -9 1 1533 1564 -8 -7 | 1782 1821
| 781 223 ~5-13 1 1020 1134 3-11 1 535 561 2 -9 1 £87 g92 -7 -7 1 <216 211
1 S17 ss2 -4-13 1 605 622 4-11 1 574 548 3 -9 1 1557 1495 -6 -7 1 253 231
1 252 221 ~3-13 1 4a51 J45S €-11 1 1145 1129 4 -9 1} 736 781 =5 -7 1 1373 1424
1 283 2V -2~-13 1 867 542 =11 1 €57 667 S -9 1 1257 1202 -4 -7 1 £92 956
1 811 743 ~1-13 1 1495 1290 8-11 1 1998 231 6 -3 1 802 757 ‘-3 -7 1 234 238
1 238 22 0-13 1 by 755 9-11 1 279 245 7-9 1 3256 - 383 -2 -7 1 587 561
1 1436 14899 1-13 1 612 623 18-11 1 605 598 8 -9 1 1149 1086 -1 -7 1 2750 2695
1 326 150 2-13 1 1876 1068 11-11 1 1416 1334 9 -9 1 Er9 699 e -7 1 453 466
1 271 302 2-13 1 974 922 12-11 1 823 809 18 -9 1 846 818 1 -7 1 2257 2152
1 353 a9 4-13 1 1063 1027 -12-190 1 273 267 11 -9 1 845 829 2 -7 1 2682 2564
1 1105 1129 6-13 1 223 187 ~12-1g 1 747 773 12 -9 1 1583 1479 3 -7 1 9¢ 1 87
1 - 1t 3 523 7-13 1 1221 1199 -11-19 1 416 493 13 -9 1 440 418 4 -7 1 2736 2€13
1 S3 727 8-13 1 824 754 -3-10 1 1823 1879 -15 -8 1 277 304 6 -7 1 S11 442
1 233 233 19-13 1 649 614 -7-19 1 813 829 -14 -8 1 6392 687 7 -7 1 9329 851
1 224 i93 11-13 1 838 TE7 -6-10 1 2458 2627 -1z -8 1} €53 692 8 -7 1 1413 1234
1 433 431 -13-12 1 251 129 -5-10 1 535 542 -11 -8 1 278 303 9 -7 1 687 643
1 K27 238 -11-12 1 6396 £91 -4-10 1 250 256 -18 -8 1 £38 632 10 -7 1 668 S91
1 Ter 1774 -18-12 1 432 S15 -3-18 1 578 573 -9 -8 1 1189 1179 11 -7 1 860 887
1 459 332 -9-12 3} 513 536 -2-12 1 458 474 -8 -8 1 1164 1195 13 -7 1 8393 81?7
1 639 677 -7-12 1 1833 234 -1-12 1 227 234 -7 -8 1 2237 307 14 -7 1 747 768
1 1115 19023 -5-12 1 1397 1248 p-19 1 1595 1569 -6 -8 1 599 949 -15 -6 ! 1034 1135
1 71 371 -4-12 1 1121 11895 =12 1 1995 1837 -5 -8 1 26083 2833 -14 -6 1 685 €98
1 10€3 1018 -3-12 1 353 L4 z2-19 1 525 529 -4 -8 1 1163 1253 -13 -6 1 219 202
1 5383 613 -2-12 1 1362 1373 3-10 1 567 525 -3 -8 1 169 139 -12 -6 1 S7sS 563
1 231 31t 8-12 1 471 441 4-19 1 2371 2285 -2 -8 1 2210 2253 -11 -6 1 885 916
1 403 124 1-12 1 13203 1292 S-18 i 661 645 -1 -8 1 163 135 -10 -6 1 1156 1184
1 713 711 2-12 1 5273 532 6-19 1 2847 2673 ® -8 1 1031 1049 -9 -6 1 341 371
1 531 5495 3-12 1 599 575 ?-18 1 597 554 1 -8 1 919 865 -8 -6 | 1018 1815
1 €73 €56 4-12 1 324 337 8-ij0 1 @23 BdB 2 -8 1 2389 2275 -7 -6 1 i052 1063
1 enl eas 5-12 1 2205 2112 iz-19 1 432 433 3-8 1 1814 9E3 -6 -6 ! e44 273
i 2132 2203 =12 1 1618 1456 13-10 1 356 322 4 -3 1 1136 1061 -5 -6 1 3985 1013
1 44 553 B-12 1 BS9 854 -14 -9 1 1118 1195 5 -8 1 2882 2742 -4 -6 1 1620 16599
! €05 €25 10-12 1 €41 798 -13 -9 1 z62 420 6 -8 1 1632 1531 -3 -6 1 2601 2745
1 247 221 12-12 1 231 261 -2 -9 1 1886 1118 7 -8 1 2805 1886 -2 -6 1 1296 1405
1 331 229 -13-11 1 11€0 12084 -11 -9 1 855 975 9 -8 1 886 811 -1 -6 1 1739 1766
| 333 346 -12-11 1 812 863 -10 -9 | 399 400 18 -8 1 1131 1848 B -6 1 1266 1205
1 574 569 -11-11 1 553 619 -9 -9 1 6082 622 i1 -8 1 3320 311 1 -6 1 2786 2594
1 532 498 -8-11 1 398 312 -8 -9 1 468 485 12 -8 1 274 308 2 -6 1 1178 1109
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HIDEP+ RE2(COI6CL3-

K

-6
-6
-6
-6
-6
-b
-6
-6
-6
-6
-6
-3
-9
-9
-3
-5
-9
-3
-9
-5
-5
-3
-5
-5

-5

-3
-3
-3
-3
-3
-3

-

-5

-4
-4
-3
-4
-3
-4
-4
-4
-4
-3
-4
-4
-4
-4

-

St Gt s gt Gt et et 5% e b Bus m 0% PR St fen et Gud G § S Gmn S PN Gt B Bt G D Gut B PO B Bt S50 EE Gui P ek e et P S e Bl bt Bt G

FOB8S

182
1150
1433
154%S
253
2251
1286
1473
B3
822
€63
399
1€33
EE£9
30395
428
1533
a79
1330
233
1253
T3
2237
3796
1232
243
1626
1825
243
291
"
534
1318
743
1379
B3z
222
1901
741
ere
1021
176
1118
316
1189
3IB3E
1866

FCALC

955
1955
1333
1337

164

2044
1208
1353

JE5

rea

€626

531
1629

€90

3229

431
1644

8s7?
1420

219
1971

626

207
33545
1193

217
1528
1769

Ze3

2134

758

552
1282

718
1378

go8

248
1314

758

aza
1026

137
1123

91)
1239
3178
1915
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|
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P-489 DEG IN 2THETH

K

-4
-4
-4
-4
-4
-4
~4
-4
-4
-4
-4
-4
-4
-4
-4
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
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-3
~3
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-3
-2
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0 bk ek ot Gk b famt P g et et Pt Gk Gmh bbbt Gmd G Bt Gt B R Gad G Gt Gt Bt Pl Bt M B ) Gt $m vt Pt Pt (et G Grat b et et Gl Pt P

F0BS

1013
1315
954
2174
263
ap7
2031
727
926
2182
1183
998
1321
298
1964
451
aze
487
1180
€07
2061
1322
2482
455
S55
884
481
171
3396
1653
2133
2472
1205
1842
1835
286
1239

1582

545
1857
1522
584
983
1865
255
711
936

FCALC

1985
1766
2381

S64
949
1877
189
715
937

18 FO AND 1OFC

H

-13
-12
-11
-18

LI T I N I A |
LONNUVLULUN=D=NEIRONDV

K

-2
-2
-2
-2
-z
-2
~2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
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-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1

-1

O b Gt B Gt O g P (g Pt Gt Gt Gusd (el bt Gt G Pk fuh G Gt Geeh b Gt Gk Bd G P fh GuS P Gtk Bt Pk Gt Gt B Gk )t Bt P b et gt fed ps Pt (e

FOBS

3934
753
737
937
1595
bbi
3547
280
2215
1842
956
1679
1611
1259
2528«
2533
384
710
3599
1343
31186
1992
(213]
1678
€01
627
- 996
489
1277
1224
1354
Se4
1827
1238
1243
1289
1835
1231
15325
3247
2848
4005
3254
454
1186
478
274

FCAlLC

930
754
765
355
1517
647
3578
361
2315
1858
945
1687
1765
1196
£41
2447
333
727
3296
1387
2986
1872
533
1581
524
645
974
436
1267
1320
1413
9532
1823
1258
1211
1262
1789
1200
1581
3355
2183
4185
32087
381
1956
482
275

x
ral

\

b
L I T I O |
QOO0 RE D r=r v

NNNRNNNNNNIONRNNN NN NN NN N NN PR N o= e ot ot ot gt b bt 0t 6t bt 0t St bt et s bt et bt s [

F0BS

18708
1202
14858
1513
24993
11593
353
1799
822
4161
4329
621
383
3913
1E5D
3268
4437
2429
860
’ed
310
Beon
657
687
7a3

o
p BN

654
474
309

> A
Pl g

1516
1820

537

PRGE 3
FCALC H K
1128 2-16
1168 3-16
1927 4-16
1460 7-16
23329 -9-15
1177 -7r=15
e -5--15
1719 -4-15
B33 -3-15
40657 -2-15
4234 -1-15
605 i-15
264 2-15
1185 5-15
1726 7-15
3201 B-15
4358 -11-14
2224 -19-14
893 -9-14
730 -B8-14
316 -7-14
895 -6-14
74 -5-i4
654 -3-14
733 -2-14
537 -1-14
646 2-14
509 .~ 14
313 2-14
265 2-14
1558 4-14
1927 €E-14
342 7-14
279 -11-13
419 -10-13
516 -9-13
517 -e-13
Bd46 -7-13
€02 -6-13
634 -5-13
239 -4-12
348 -3-13
563 -2-13
321 -1-13
235 1-13
779 3-13
548 4-13

NN NRNMNNNRNNNNNNRDNNRNDRNNNNNRNNNNNRVRRNNNNARNNNNNR

FO8S FCARLC
1314 1289
717 06
1129 1118
414 36=
223 251
294 291
1699 1762
72?7 7433
1981 202
388 37
508 =3 g
676 €00
23a 282
247 194
£33 SES
7S1 7e8
1232 1272
349 343
1389 1457
499 495
259 345
221 255
746 rB1
282 276
272 278
€45 548
233 257
1426 1411}
73S 788
1807 1287
437 Je3
434 J59
1083 1058
738 824
223 207
331 389
469 a7
656 688
1160 1181
€75 €67
1997 1931
95 ar
1453 149
<51 S26
BOS 83r
736 rd 14
4a% 282




50

HIDEFP+ REZ(CDYSCL3-

H K

5-113
€-13
7-13
8-1%
9-13
185-13
-13-12
-12-12
-11-12
~-10-i2
-2-12
-r-12
~-€-12
~%-12

-1-12

-i-12
1-12

1
NN

]
t 1 Voot et et 0t e
[ ] LI N T T DO I A | LI |
NN

t
~NMANR N D= IWNLEUUR NN A—~ W= 0O IM LN

- e e Bt it e St B ot bes e o g bt Bt p T e e bt e
s e e e e e et e Bt bk et b ot g b bt pn v e et N NN

[

L

NRANNIWNIRNIINNNNNNMNGONMONNNNNNNNNNNNNNODNNRDNNNNNNNNNNDN NN

FOB3

1275
1850
423

[
)
(L)

NQPIM yNR
D WAL = D=

PV R N T A R |

-t . d—

-

ST PTG R - e

e XX T

FCALC

128¢
e
as3
1237
vEA
733
943
326
239
3390
€24
1871
396
1123
1324
2271
633
1317
212
ar3
833
740
1217
346
134
1263
8a%
T72
£129
205
1143
3F,3
1712
873
9z
3lc
232

1235

1128

€79
1113
1313
2224
121€
1453

%8a

H K

12-11
-14-19
-12-10
-12-18
-11-19

-3-19

-7-19

-6-19

-5-19

-4-13

-3-1n

-2-198

-1-19

8-19
2-19
1-1P
4-190
S-19
6-10
7-10
8-10
9-19

190-182

i1-18

12-10
-i% -9
-14 -9
-13 -3
-12 -9

-3 -9
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1384
322
633
460
1899

FCALC

678
244
231
1329

659
448
813
B66
1687
886
672
246
610
332
601
684
358
1133
365
383
483
411
1372
661
1475
337
236
278
607
322
403
552
19¢7
59
1833
944
248
514
126
639
437
1338
268
645
481
1162

H K

~ -~

-5-13
-8-13
-7-13
-6-13
-5-13
-4-13
~-3-13
-1~13
p-13
i-13
2-13
3~-13
3-13
5-13
7-13
9-13
-13-12
-12-12
-11-12
-9-12
-7-12
-6—12
-4-12
-3-12
-2-12
-1-12
2-12
1-12
2-12
3-12
4-12
5-12
6-12
-P-12
8-12
S-12
14-11
-13-11
-18-1{1
-9-11
-B-11
-7-11
-6—-11
-5-11
-4-11
=-3-11
-2-11

r

N OV G0 O O O O O O O O3 0 O3 OJ O N O OGN GV O O OJ OJ O O G OV 04 G O OO N O G OV O O N

724
1814
270
545
1318
914
1218
1214
433
448
1786
188
1834
293
1145

562

1131
545
230

. 1426

289
599
494
547
590
413
1731

Hpma

599
1238
1687

PAGE S

FCALC H K
T 374 -i-ii
857 8-11
687 1-{1
396 2--11
361 3-11
387 4-11
1362 5-11
762 6-11
74S 711
1939 B8-11
1525 9-1:
S16° 18-11
1278 11-11
723 -14-10
796 -"2-18
634 ~-12-18
1836 -9-108
231 -8-1a
37 -7-18
1903 -6-10
93t -4-18
1841 -3-18
1356 -2-19
475 -1-10
466 8-10
17539 1-18
136 2-19
_Smh 3-10
27 4-10
Mn@N . 5-12
578 6-10
1954 7-18
541 180-18
216 -14 ~9
1418 -13 -9
279 -11 -9
662 -18 -S
467 -8 -9
526 -2 -9
6.5 -7 -8
406 -6 -3
1789 -4 -39
852 -3 -39
1208 -2 -9
313 -1 -9
1038 2 -9
1638 1 -9

NHROINNNH N WNWWNWNWNHRWWENWNWNNWN O WWRNWWWN WO WOHNWNN W BWNWNWWOE T

FOBS FCALC
1458 1464
753 743
383 697
219 245
722 722
778 748
1248 1284
1234 1197
830 805
253 254
553 575
1286 1163
1822 1907
882 916
220 250
1341 1393
725 758
1522 _mmm
513 528
538 497
248 205
292 268
1613 1642
826 E7Q
2404 2426
352 355
253 238
4z6 443
2496 2484
751 733
1134 1879
447 431
673 €58
£939 917
613 61
741 784
mm_ 564
24 448
_~VL 1218
384 461
2389 248
437 431
463 469
2387 3070
8le £56
1383 1274
1138 1183

p—

L e




PO Al

AR )

L et

52

H3DEP+ REZ2(CO)6CL3-

H

VAOMARLGN

' .
Yt Pt s
NN~ VANOADWN~C

-14
-i3
-12
-11
-10
-8
-7
-6
-5
-4

K

-39
-9
-9
-9
-3
-9
-9
-9
-3
-9
-8
-2
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-3
-8
-8
-8
-8
-8
-8
-7
-7
-7
=7
-7
-7
-7
-7
-7
-7
-7

L

04 G 8 G4 G O3 00 Gl O G G O O OF G Ol 8 G G O O O O G 03 O Gl G0 O O 0 O O G Gl O G 0 O O ol (o O O O O

M3 DATRA

FOB8S FCALC H
397 410 -3

656 €35 -2

668 647 -1

1069 187S 2
1774 1769 1
390 363 2

451 411 3

1557 1512 4
8E5 843 S

863 821 6

6955 673 7

551 S7 9

889 923 16

774 £87 11

555 563 12

934 969 13

€661 633 ~-16

1654 irev -15
1152 1166 -14
Sa3 964 -13

2322 2434 -11
1255 1395 -10
186 146 -9

1874 1943 -8
1824 1821 -7
1378 1364 -6
416 410 =5

665 648 -4

1559 1548 -3
16635 1634 -2
So6 4393 -1

1953 @62 1
1131 1936 2
1013 939 3
968 935 .4

S72 548 S

712 738 6

224 245 7

329 273 8

1384 1343 9
534 566 18

2193 - 2393 13
734 886 =135

1817 1858 -13
342 3408 -12

1124 1284 =11
482 S26 ~10

8-40 DEG IN 2THETA

K

-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-6
-6
-6
-6
-6
-6
-6
-5
-6
-6
-6
-6
-6
-6
-6
-5
~6
-6
-c
-6
-6
-6
-6
-6
-6
-6
-3
=5
=S
-5
-5

HHNWHNWHNNNENNWWEWWWHWUWNWNWWHNWWWOWHWWNWWENEWHONWOHWHWOWG

.

FOBS

2336
344
2223
2611
581
3219
663
1115
1196
657
863
a2
385
g72
€95
368
1945
616
Sev
512
367
596
1124
198
563
1155
2651
2868
2631
1963
53
832
c28
1626
663
8av
976
1283
1871
1292
942
698
265
£63
243
2728
618

FZALC

2378
343
2274
2513
558
3171
609
1iz24
1135
716
841
726
376
354
781
432
1851
586
518
528
34i
557
1169
201
541
1281
2867
2987
2685
1942
533
304
Sti
inlo
621
859
997
1175
1827
1289
929
697
286
712
273
2784
641

H K

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

-5

-5 .

—
NODNAAWNN-®

Loadl ol
W~ OWONONLWN —-O

-17
~15

[
=

=5
-3
-5
-5
=5
-3
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
~4
-4
-3
-3

WWOWWRWOHNNENNNWOWRWNNENNNNWNNNCUWNNNENNWNWWNWENWNWNENNWNWNNW T

18 FO AND 18FC

FOBS

2249
187
477
294

1864

1512
8388
9nqg
73S

2935

1098

3467
397
27¢

1838
281
5%
226

1516
522
75l
633
381
512
332
359
283

1533

3015

3441
995

2614

1139
586
320

2159
416
549

1463

1887

1602

2056

1141
251
585
416
894

FCALC

2334
148
441
292

1837

1561
844
906
762

3916

1823

3485
397

279
982
259
778
253
1543
530

i

646
366
528
sse
376
181
1523
3116
3566
1884
263534
1151
S64
288
2es9
482
335
1393
1824
1687
2829
1124
286
579
378
983

H

K

-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3

-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-2
-2
-2
-2
-2

a
1
2
3
4
S
6
7
8
S
10
1l
12
14

LI T |
boa et
Lo

-1¢ -2
-9 -2
-2
-7 -2
-2
5 =2

=

-
-

-2
-2
-2
-2
-2
-2
-2
~2

WNHNBWWNGWWNNNNONWNNNNWNWNNWNWNWRNWWNWHWWENNHONWNNRWHNOWNEN T

FOBS

1348
834
2416
479
1956
14908
6408
735
2386

1849

1737

1315
1225
2073

1351

253@
1812
1529

2069
1958

489
1995
1521
64S
787
2e5
197
144
1925
2620
1€4
3429
1499
1178
1188
159
1312
367
647
217
827
667
1862
997
608
262
1753
798
hmm

uuwu
1314
2962

353
1318
Mmmm

535
2626
1803

77
1487
2871
1917

»

—
QOUONAOHLWN~O

[ |
P N
NI M OIN -

-18

[
LbUID

-1

OO0

WNHWWHWWNHWNNWWWWWENWEWWNWNWNNWWWHENNWNW NN HNHREW W WNEWNN T

FOBS

3131

382
2013
1631

1583

1131

1535

1196
3295
753
159
1es4

FCALLC
3823
363
1966
1545

1615

1187




53

H30EP+
H

~

A00e0eaae0O

REZ2(COI6ECL3-

L FOBS FCALC
3 4886 4981
3 4542 4714
3 220 192
3 4493 4455
3 2607 2632
3 943 917
3 1281 1259
3 1203 1234
4 537 602
a 642 614
4 528 5645
4 873 925
a 1217 1209
4q 451 438
4 277 259
4 318 326
a 379 344
4- 278 253
a 232 241
a. az7 389
4 315 294
4 754 747
a B4l 842
4 342 337
4 1855 1853
a 785 785
4 1233 1299
4 436 403
a 450 460
4 821 866
4 683 717
4 347 330
4 1854 1725
4 an1 aze
4 1184 1106
4 315 312
4 215 208
3 243 247
4 853 843
a 252 276
4 1268 1349
4 433 ars
4 710 731
a 389 339
4 398 420
a 741 765
a 370 1017

H K

-1-.4
0-14
1-14
2-14
3-14
a-14
6-14
7-14
-12-13
-18-13
-9-13

-7-13

r

BODONLOADANLADALLOLDADADLOADLOLRNDOLLLANLALLLLLADDLLDLD

MO DRTA @-48 DEG IN 2THETA

FOBS FCALC
3a4 285
344 324
1877 1824
sar 486
1283 1220
564 565
518 517
323 269
339 3re
5835 502
395 642
342 334
868 865
1885 1107
1198 1218
1193 1177
1365 1350
396 401
5328 31?7
1928 938
634 641
836 822
765 S4
834 867
229 183
1178 1189
815 867
202 187
1698 1735
601 627
353 369
832 868
1973 1073
325 333
366 338
1845 1027
1212 1202
1831 1836
528 568
1954 1941
573 579
619 626
645 658
845 883
1115 1169
B1S 851
663 681

18 FO AND 18FC

H K
-8-11

=-2~-11

w~¢mnn?crw-a-—
P Pt Pt Pt pmt (. ft Pt P
Pt Gk et b pmt et et P P et

Lo
HO

[
—
oo

-12-18
-11-18
-18-10
-95-19
-8-10
~7-18
-6—-18
-5-10
-4~-10
-3-10
-2-19
-1-10
1-19
2-10
4-18
5-10
6-18
7-10
8-10
19-10
=15 -9
-14 -9
-13 -3
~12 -9
-11 -8
-18 -9
-8 -9
-6 -9

HOBLALLLALADLDADLALLLALARLDLDLADLLLADDLDADNADLLLLADDMDLOALL T

FOBS

2339
756
S25
242
246
1i74.
1502
1851
1226
798
819
1237
1371
1809
377
259
475
826
581
438
337
373
334
1rel
889
1060
429
691
779
1087
687
280
233
2133
431
1647
455
3235
956
443
1567
708
899
482
921
13087
663

FCALC

2539
762
553

213

291
1212
1589
1833
1249

793

816
12398
1341

925

331

317

479

787

582

488

331

398

348
1776

932
1127

414

693

78S
1866

690

27S

235
2188

417
1625

466

310

941

443
1625

719

925

497

982
1364

671

P

H

[ |
et b b b tr 1
NAN—RWNONLAN—=G—=NWLU

-11

[
[ UL S LR )
WONAMANLWN—~O—~NWNHANOIVOWOE

10

K

-9
-2
-9
-9
-9
-5
-9
-9
-9
-9
-9
-9
-9
-9
-9
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
~8
-8
-8
-8
-7
-7
-7
-7
-7

bt

LBBDDLDADDLLDLALLALMLOALALDLARNDBALLAALLDALLLLALRALDS M

F0oBS
1174

1180
1493
1469
1349
748
495
1973
473
262
49
8ve
1024
543
413
293
1208
303
973
|82
1660
1288
872
2358
1215
985
1332
1238
1209
1132
2052
862
383
1553
1143
386

494

460
868
S1.rg
847
856
323
1192
289
191

PQ
FCALC
1213

463
1191
1557
1460
1981

748

1962

tt
e ok pmt b
VN~ OWEODNNDLWN -~

-13

=11
-18

!
[
J

11
—— e UL L N
AN~ DVONNAWN—OINWNAUANNODW

-13

(]}
o gt
- N

-7
-7
-7
-7

-7
-?
~7

-7
-7
-7
-7
=7
~7
-7
-7
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6

-6
-6
-6
-6
-6
-6
-6
-6
-6
-5
-5
-5
=5
-5

AL LALDLAMDLALLDALLALLLLLDALADADALLOLLALLALALLLLDLDLLLS ™

1111
2832
1218

ke e

672

e




54

H30EP+ REZ2(CDI6GCL3-

H

-10
-9
-7
-6
-5
-4

K
-5
-3
-5
-9
-3
-3
-5
-5
-3
-5
-5
-5
-3
-5
-3
-5
-5
-3
-4
-4
-4
-4
-4
-4
~4
-3
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-3
-3
-3

-

AALLOLALLAALADDALDOADDLOLLLANLADLDLLALLLLOLLLLALLLLELALLLSL

FOBS

264
1306
117v

826
3538
1507
2213

583
19014

1938
1en7

B63

2342
223
256

2842

528
1253

401

792

687
1233

2891

1582

B26

891

13
1133

182

252
1916

672
2631
2gl2
2436
1788
1117
1633

728

556
1254

243

505
1388

543
1121

220

FCALC

308
1343
1183

922
3614
1495
2300

577

990

169

931

BR2
2338

216

270
284D

548
1268

333

790

633
1232
2084
1683

864

916

675
1283

89

392
1388

657
2600
2933
2440
18803
1138
1584

743

579
1288

273

438
1360

541
1112

187

MO DRTA

[ I T I |
[ S T T T I N o N el
AUADBLNN O =NNLNANTOUONWLANWN—SOVONOUNLAEN—~O

2-49 DEG IN 2THETR
K L FOBS FCALC
-3 4 322 337
~3 4 1838 1811
-3 4 605 605
-3 4 €48 681
-3 4 1031 1071
-3 4 361 357
-3 4 gl1e v9a9
-3 4 26132 2677
-3 4 2427 2442
-3 4 2559 2634
-3 4 1450 1461
-3 4 1667 1783
-3 4 1686 1634
-3 4 172 154
-3 4 1193 1134
-3 4 2531 2593
-3 4 1124 1886
-3 4 1215 1232
-3 4 1738 1783
-3 4 732 810
-3 4 2114 2161
-3 4 242 243
-3 4 554 568
-3 4 arl 9386
-3 4 495 5009
-2 4 425 4437
-2 4 372 3a8
-2 4 446 424
-2 4 361 358
-2 4 1183 1125
-2 4 1132 11808
-2 4 1933 1981
-2 4 267 315
-2 4 3576 3557
-2 4 eny 769
-2 4 835 pu s
-2 4 1867 1858
-2 4 1682 1661
-2 4 145 169
-2 4 2053 2835
-2 4 1978 1135
-2 4 631 614
-2 4 1362 1413
-2 4 1331 1362
-2 4 666 654
~2 4 2400 2387
-2 4 813 859

1B FO AND 1BFC

10

K

-2
-2
-2
-2
-2
-2
-2
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
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FOBS
1173

.1851

362
1005
341
236
434
238
837
1352
1429
1309
352
1637
1866
1468
R42
1673
532
1641
559
2212
2256
1626
1494
1137
198
2218
1238
214
233
211
949
1184
1162
1279
351
739
413
824
335
°37
3187
2338
2660
831
813

FCALC

1156
1887

997
943
164
460
213
831
1346
1335
1238
389
1627
1865
1446
826
1629
523
1608
526
2246
2434
1723
1225
1145
214
2297
1229
237
286
183
948
1137
1212
1287
355
733
382
817
556
3657
30888
2255
2664
678
ge2

onyHp I

18
12
~6-17
~5-17
-3-17
-3-17
-2-17
8-17
-7-16
-6-16
-5-16
-4-16
-1-16
1-16
2-16
3-16
-18-15
-8-15
~5-15
-4-15
-3-15
~1-15
8-15
1-15
2-15
3-15
4-15
-11-14
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FOBS FCRLC H K
2739 2725 -B8-13
2844 23819 -7-13
390 354 -6-13
838 826 -5-13
272 325 -4-13
262 284 -3-13
238 284 -1-13
8a2 2810 2-13
238 179 1-13
289 283 2-13
899 864 3-13
423 4.2 4-13
937 961 5-13
738 742 6-13
1835 1666 -13-12
337 37?7 -12-12
314 280 -18-12
733 743 -8-12
778 748 ~-7-12
289 252 ~£-12
228 119 -4-12
27 937 -3-12
242 273 -1-12
852 366 8-12
656 646 2-12
655 643 3-i2
1519 1522 4-12
312 355 6-12
3?7 863 7-12
335 314 g8-12
761 758 -i2-11
723 a7 ~9-11
731 713 -8-11i

33 254 -7-11
1287 1300 -6-11
G64 687 ~5-11
488 380 -4-11
539 S50 -3-11
542 552 -2-11
1196 1209 8-11
255 235 i-11
295 1800 2-11
228 7?95 3-11
781 731 4-11
445 436 5-11
883 925 6~11
533 SS4 B8-11

it eau@Eaa AVt aun r

FOBS

741
563
772
773
e9g
[4 %4
782
762
1194
1128

FCaLC

773
553
796
BBS

1284
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H30EP+ RE2(CO)6CL3-

H K

-14-18
-12-190
-186-10
-8-180
-7-18
-6-10
-4-10
-3-10
-2-18
-1-19

B6-18

2-196

3-10

4-10

5-10

8-19
-15 -8
-12 -9
-11 -3
-10 -8
-9 -3
-8 -9
-7 -9
-6 -3
-5 -3
-4 -9
-3 -9
-2 -3
-1 -9
-9
-9
-9
-9
-9
-3
-3
-3
-9
-5
-8
-8
-8
-11 -8
-18 -8
-8 -8
-7 -8
-6 -8
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FOBS

1132
751
583
259
427
78S
833
634

277
8413

1386
620
211

19049
263
398
317
793
332
541
661

2170
325

1483
33

11€7
280

1186
136
674
75
353
453

iv74
655

1933
341
€13
775
953
836

1236
203

12839
368

1828

2255

FCALC

1257
7393
616
223
423
722
849
€618

2831
853

1270
593
198

1852
218
524
312
847
314
588
671
236
SP4

1437
316

1166
271

18670
229
653
731
JE63
423

1761
648

1933
359
60S
771

°9
963

1265
285

1294
373

1908

2357
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[
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-8
-8
-8
-8
-8
-B
-8
-8
-8
-8
-8
-8
-8
-8
-8
-7
-7
-7
-7
-7
-7
-7
=7
-7
-7
-7
=7
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-7
-7
-7
-7
~7
-7
-7
~7
-6
-6
-6
-6
~6
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-6
-6
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FOES

593
511
2068
735
1761
13
1200
234
738
555
659
784
77
1162
543
718
2489
SE5
1835
555
958
1053
2197
1863
376
2197
941
372
1323
788
1785
676
227
1266
324
358
923
738
356
346
43
229
836
1842
801
803
468

FCALC

E15
513
2122
756
788
357
1209
208
716
563
656
755
713
1222
578
714
247
538
1873
539
1990
1967
2312
1993
403
2272
570
412
19574
7a7
1799
650
269
1226
313
367
999
717
379
339
414
236
837
1046
831
796
aqa?

19 FO AND 1BFC

H K

-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-5
-6
-6
-5
-3
=5
=S
-5
-3
-5
-5
-5
-3
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-s
-S
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-5
-5
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-4
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-13 -4
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-11 -4
-19 -4
-9 -4
-8 -4
-7 -4
-6 -4
-5 -4

[
[Soyagen
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aouagauonuauauooaauauaaauaoaaaaaaaaaaaaaaaaagaainaaaeg r

FoBs

2147
1445
2333
1918
1271
2315
3608
142
1595
3R2
1545
1283
1421
409
756’
338
636
1938
1768
1337
241
2077
371
177S
1373
&7 8
2327
396
915
300
290
1416
4329
1625
326
793
346
233
206
333
19292
652
648
459
1686
829
2715

815
304
275
184
914
1893
673
631
463
1726

2790

H K

-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-3
-3
-3
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-3
-3
-3
-3
-3
-3
-3
=3
=3
-3
-3
-3
-3
-3
-3
-3
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-3
-2

ig -3

12 -3
-16 -2
=15 -2
-14 -2
-13 -2
-12 -2
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FOBS

1783

(93
159
1154
1661
2371
1087
1911
312
604
857
2169
1898
324
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FCALC

17¢7

124
1161
1661
2350
1188
1578
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-
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2987
2178
1308

1818

1811

16995
2243
1453
1552

590
1829

695

4]
2396

FCA.C
1876

2346
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H30EP+ REZ2(COJECL3-

H

-12
-1B
-8
-6
-4
-2

kel

GOS0 ElI0CQEOo00o

8-16

mmmmmmmmmmhmmmmmmmmmmmmmmmmmmmmmmmmumuuwumumumu‘
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FOBS FCALC
746 7al
823 754
284 152
1265 1778
202 155

2635 2656

2183 2082
1632 1628
384 309
734 816

1564 1532
853 931
S19 S43
4g6 a31
755 726
464 4381
S16 524
STare SS9
518 439
SE8 594
823 837
367 363
856 853
233 272
318 325
437 422
312 386
1066 ip4as
€390 627
7en 740
SN\ a7 1
233 351
371 369
257 303
223 2498
1293 1331
1186 1i43
962 944
S587 ST
611 57
ESH 748
604 T
654 t
203 -
801 )
583 T
292 320

H K

-4-13
~3-13
-2-13
B-13
1-13
2-13
3-13
4-13
5-13
6-13
-13-12
-12-12
-8-12
-7=-12
~6-12
-4-12
-2-12
-1-12
p-12
2=12
3-12
5-12
6-12
-13-11
-11-11
-19-11
-8-11
-7-11
-6-11

-

AN NANNRANANNANRNANNNNNONONTN

MO DRTA ©-40 DEG IN 2THETA

FOBS FCALC
562 573
983 967
8394 924
1183 1200
1188 1246
816 824
676 678
a37 452
539 544
207 261
478 436
eV 7683
1038 1146
883 aig
653 664
672 696
674 634
573 571
28s 938
4793 457
1484 1424
1839 1a16
E78 668
628 €45
270 255
333 341
644 686
845 584
437 528
132 217
531 544
1530 15383
1as2 1964
1734 1713
248 234
366 408
1823 1950
831 831
333 279
5396 614
435 S14
218 179
1146 1179
683 617
1325 2035
565 598
621 622

18 FO AND 1BFC

H K

-5-18
-4-10
-32-19
-2-10

P-18

2-12

3-18

4-10

6-10

8-10
-15 -9
-14 -9
-13 -9
-11 -9
-19 -9
-9 -9
~8 -9
-6 -9
-5 -9
-4 -9
-3 -9
-2 -9
-1 -9
9 -9
2 -9
s -3
€ -9
8 -9
5 -3
-14 -8
-13 -8
-12 -8
-11 -8
-18 -8
-9 -8
-8 -8
-7 -8B
-6 -8B
-5 -8
-4 -8
-3 -8
-1 -8

8 -8
1 -8
2 -8
3 -8
4 -8

-

NANONAIDIONNRARNNAANNNNTNRANNONANACNAONNNNNONANANTRAORRONNN

FOBS FCRLC
608 €18
288 275
513 514
516 513
888 Qaze
1138 1148
543 598
2012 2802
8908 831
302 264
365 375
1263 1343
614 687
416 425
7667 761
452 481
742 7’7
1162 1223
444 426
1161 1212
863 836
1951 2043
63 SS1
508 539
oza 325
427 40s
444 482
629 663
824 806
£ns 638
216 17¢
394 g39
279 236
446 475
1764 1797
7S 792
1145 1158
844 872
72l 72
1531 1€42
384 391
348 344
1608 1642
558 557
577 sS77
1516 1542
856 855

wo~NGOWL I

DN HUWN-T

-8
-8
-8
-8
-8
-7
-7
-7
-7
-7
-r
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-6
-6
-6
et -]
-6
-6
-6
-6
-6
-6
-6
-6
-e
-6
-6
-5
~6

-6
-6
-6
-6

NAOONONNNNONNONCNNONNNOANNNNAN NN NONN

FOBS

1428
486
565
898
259

1836
276

11895
712

1063
509
428

1876
731
827

1236
5a1

1930

1033

1652
S50

1444
347
433
6673
S26

1847
522
€24
£A0
534
304

2023

1574

1238
975
155

1246

1225

1832
585
438

1158

1417

1281
599

PAGE 189

FCALC

1392
473
563
905
255

1861
417

1146
779

1877
515
420

1959
765
846

1266
488

1847

1118

1646
57

1435
379
384
641
552

1848
434
581
805
€37

313

21ev
1£13
1250
76
106
1232
1215
1799
617
112
476
1167
1399
1289
635

(|
- pa
LU= DONOAHAN—O

|
—

-13

t e
Lol N
De=ty

-6
-5
-5
-5
-5
-5
-5
-5
-5
-5
=S
-5
-5
-5
-5
-5
-5
-4
-4
-4
-4
-4
-4
-4
-4
-3
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-3
-3
-3
-3
-3
-3

NOANONNOANNNANONNNNONNNNTNONANNNNANNOAOANNNNNNNNNONG

FOBS FCALC
235 368
406 415
1610 1622
€44 635
392 417

2243 2395
1531 1576
355 348
813 863

27S1 2845
339 349
1647 1678
237 96
1422 1407
539 568
1636 1886
665 674
332 265
aga 938
a39  as2
BRE 7G4
seg  Si6
259 268
823 647
857 8%
1128 1129

2253 2357
1816 1829
1434 1453
153 152
1487 19866
1443 1444
1153 1207
893 919
888 686
921 947

1794 1858
719 727
1436 1646
362 379
493 331

1073 1078
479 Srd
3 R

1168 1135
siy  fif
g3 ca
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H30EP+ REZ2(CO)6CL3-

H

-8
-7
-6
-3
-4
-3
-2
-1

'
-t .
N=OQWANNUNHLUN—-C

-14

|
(L]

=12
-16

K

-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3

-3

-3
-3
-3
-3
-3
-3
-3
-2
-2
-2
-2
-2
-2
-2
~2
-2
-2
=2
-2
-2
-2
-2
=2
-2
-2
-Z
-2
-2
-2
-1
-1
-1
-1

4

L

NOAQONANNPNANNNANNONANNNANANRANANNNNONNANNANNONNANANNN

FOBS

€04
1969
1223
653
1217
a1
64S
1343
2312
674
1783

72
2

2935
1297
1857

385

817

745

346

201

350

365

815
1248

369
1988

516
21638
1553

165
1546

226

7as

325
1284

423
1842

262
1824

e3a

326
1314

413

398
1815
171S
1897

M0 DATA

FCALC H K
S73 ~12 -1
1367 =11 -1
1224 -180 -1
€03 - -1
1225 -1
an2 o -1
€77 -9 -1
1359 -4 -1
2369 -3 -1
721 -2 -1
1825 -1 -1
745 8 -1
256 1 -1
1213 2 -1
1893 4 -1
382 6 -1
876 8 -1
771 9 -1
Ire 19 -1
813 11 -1
536 -16 @
40 -14 @
sS04 -i12 2
1221 -18 ©
350 -8 ©
1332 -6 D
ar9 -4 9
214s -2 B
1523 8 ©
37 2 9
1598 4 @8
<81 e B
739 8 ©
293 18 ©
1593 -3-16
435 -2-16
1869 -7-15
244 -6-15
1311 -5-135
292 ~4=135
413 -3-15
1373 -2-15
371 -1-15
993 2-15
984 1-15
1693 -8-14
1867 -7-14

NNANANNNANNNNNVOAANOAANO QNN NNONORNANTIAONNR

FOBS FCALC
218 151
400 404
=1)d 775
1252 1241
463 J464
1630 1539
454 416
904 218
1649 1637

2681 2783
1843 1873
423 484
998 1068
1187 1223
359 363
1988 1191
385 590
997 1945
1288 1311
1816 1133
336 379
34 971
842 832
144S 1383

3979 3043
332 Iv2
1225 1198
603 649
666 730
823 =lals

2176 e 7?
1164 1215
538 535
443 432
213 142
398 491
5958 518
433 436
1307 1320
233 255
312 318
434 452
543 518
234 305
365 312
260 270
986 914

8-48 DEG IN 2THETA

18 FO AND 1®FC

H K

-6-14
-5-14
-4-14
-2-14
-1-14
0-14
1-14
2-14
3-14
-11-13
~-18-13
-9-13
-8-132
~-6-13
-5-13
~-4-13
-3-13
-1-13
2-13
2-13
3-13
4-13
-12-12
-18-12
-9-12
-8-12
~-7-12
-6-12
-5-1z
-4-12
-3-12
-2-12
-1-12
8-12
1-12
2-12
3-12
5-12
-13-11
-11-11
-18-11
-9-11
-8-11
-7-11
-6-11
-5-11
-4-11

NNNNNN NN NNNY NN NNV NN NN NN NN NN NN NN NN N NN NN N NN NN

L

FoBS

262
433
429
627
ve3
586
1335
294
534
7
285
723
488
825
€467
783
355
1888
471
311
349
499
624
238
491
433
722
765
537
283
1266
337
337
St1

695
292
735
464
339
576
1457
678
722
395
195
198

FCALC

273
432
372
616
806
595
1350
264
431
74
239
7SO
438
8ve
628
803
346
1833
486
345
833

532

654
188
Sl12
476
767
767
562
387
1293
333
498
933
3e0
683
319
731
463
331
613
1508
7e8
706
424
233
105
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FOBS FCALC H
631 €54 -9

1289 1287 -8
487 456 -7

566 539 -6

248 233 -5

1173 1184 -4
1121 1179 -3
817 730 -2

677 647 -1

701 721 8

424 379 1

236 318 2

1230 1314 2
602 612 4

1389 1445 6
735 751 -1s

1463 1478 -14
694 690 =13

416 434 =12

4a1 359 -11

761 778 -9

300 229 -8

332 362 -7

240 289 -6

1120 1131 -4
272 327 -2

281 367 -1

1528 1630 8
891 853 1

1655 1638 2
817 875 3

233 182 4

744 e 5

s81 689 ]

967 952 8

700 688 =15

912 951 -14

583 537 -13

1285 1262 =12
564 533 =11

307 322 ~-10

K4 829 -7

448 437 =5

574 552 -3

773 827 -2

543 S5S =1

352 360 e

-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-7
-7
-?
-7
=7
=7
-7
-7
-7
~?
-7
-7
-7
-7
-7
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-7
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-6
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FOBS

618
851

71D
280
543
1231
402
1174
1886
477
673
436
738
662
339
321
633
=144
391
1520
691

2111
1731

664
828
241
sa?
1850
624
579
1632
1112
538
527
618
1187
1432
538
1607
643
388
563
1221
1758

FoLC

658
992

729
363
543
1226
33e
1186
1028

639

1883

1624
655

5786
1238
1789
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HIOEP+ RE2(CO)6CL3~ MO DATA ©-40 DEG IN 2THETA 18 FO AND 16FC PAGE 12 :
H K L FOBS FEALC H K L FOBS FCALC H K L FOB5 FCALC H K L FOBS FCALC H K L FOBS FCALC
1 -6 7 763 1778 -14 -3 7 245 258 -14 -1 ? 1147 1171 -4-13 8 356 375 -11 -9 8 842 849
2 -6 7 1314 1333 ~-13 -3 7 837 908 -13 -1 7 527 548 -3-13 8 588 576 -1 -5 8 428 414
3 -6 7 354 333 -2 -3 7 586 431 -12 -1 7 S22 515 -2-13 8 770 749 -9 -3 8 705 637
4 -6 7 293 262 -9 -3 7 1988 18391 -11 -1 7 674 €68 -1-13 8 691 593 -8 -9 8 1558 1547
S -6 7 533 703 -8 -3 7 869 862 -8 -1 7 1551 1559 8-13 8 725 695 -7 -9 8 469 457
6 -6 7 513 586 -6 -3 7 2206 2226 -9 -1 7 1556 . 1532 1-13 & 251 546 -6 -9 8 412 428
7 -6 7 486 436 -5 -3 7 1276 1286 -8 -1 7 1132 1197 2-13 8 505 499 -4 -9 8 1294 1295
9 -6 7 424 449 -4 -3 7 1846 1069 -7 -1 7 849 824 -11-12 8 €69 6393 -3 -9 8 246 274
-13 -5 7 ipa3 19153 -3 -3 7 679 694 -6 -1 7 693 693 -1p-12 3 352 425 -2 -9 B 1842 1858
-11 -5 7 ing 391 -2 -3 7 188 139 -5 ~1 7 263 2497 -9-12 8 721 758 -1 -9 B 579 S63
-3 -5 7 464 i - -1 -3 7 2312 2417 -4 -1 7 336 333 -8-12 8 383 392 e -9 8 232 197
-7 -5 7 1820 188 e -3 7 1028 1131 -3 -1 7 382 386 -6-12 8 1813 995 1 -9 @ 828 831
-6 -5 7 431 507 2 -3 7 286 294 -2 -1 7 1762 1755 -4-12 8 311 328 2 -9 8 416 414
-3 -5 7 2433 2554 3-3 7 326 377 -1 -1 7 672 671 -3-12 8 337 962 3-8 8 6p0 571
-3 -5 7 224 268 4 -3 7 832 83r o -1 7 882 v 926 -2-12 8 445 393 4 -9 8 1841 1842
-2 -5 7 365 3385 6 -3 7 1382 1434 1 -1 7 534 =rid -1-12 8 763 794 5-9 B 628 577
-1'-5 7 1576 1631 7 -3 7 829 868 2 -1 7 845 884 1-12 8 433 497 -14 -8 8 542 542
8o -5 7 510 525 8 -3 7 1123 1132 3 -1 7 1891 1126 3-12 8 i8ls 1839 -13 -6 8 328 344
1 -5.7 7i4 799 3-3 7 329 339 4 -1 7 1842 1867 -1i~-11 8 438 429 -11 -8 8 465 S22
-5 7 893 913 -7 -2 7 736 731 S -1 7 676 re? -i6-11 8 ’ig 766 -18 -8 8 1150 1147
6 -3 7 393 394 -16 -2 7 4139 458 6 -1 7 232 286 -3-11 8 665 659 -9 -8 8 1964 1187
7 -5 7 1953 2051 -i5 -2 7 1371 1332 7 -1 7 332 374 -8-11 8 1152 1218 -7 -8 8 608 615
3 -3 7 835 938 ~13i -2 7 932 936 8 -1 7 425 465 ~’-11 8 £56 646 -6 -8 8 963 950
-15 -4 7 269 328 ~i2 -2 7 751 var 9 -1 7 3383 413 -5-11 8 537 543 -S -8 8 563 582
-14 -4 7 392 289 -t -2 7 209 170 1 -1 7 373 349 -4-11 8 789 733 -3 -8 8 801 869
-13 -4 7 673 649 -tg -2 7 q21 439 -6 @ 7 1581 1433 -3-11 8 1881 1126 -2 -8 8 1833 10539
-12 -4 7 1143 1142 -5 -2 v 736 726 -14 8 7 1597 1553 -1-11 8 525 558 -1 -8 8 481 378
-11 -4 7 1413 1331 -8 -2 7 976 949 -18 B 7 493 432 f-11 B 639 593 8 -8 8 389 418
-1 -4 7 773 763 -7 -z 7 933 1016 -8 8 7 2151 2985 1-11 8 388 38 1 -8 8 688 673
-9 -4 7 466 423 -6 ~2 7 563 563 -6 B 7 597 608 3-11 8 731 7EB 2 -8 8 469 482
-7 -4 7 1651 1632 -5 -2 7 555 6089 -4 B 7 2413 2404 4-11 8B 919 916 3 -8 8 1948 1981
-6 -4 7 723 723 -4 -2 7 8a7 ro7 -2 B 7 3447 3538. -13-18 8 251 181 5-8 8 479 473
-4 ~4 7 624 606 -3 -2 7 2684 2744 8 B8 7 781 792 -12-180 8 219 168 6 -8 8 773 782
-3 -4 7 €33 750 -2 -2 7 293 297 2 8 7 287 298 -18-18 8 1851 1842 -i5 -7 8 536 531
-2 -4 7 1347 1416 -1 -2 7 1778 1611 4 B 7 967 901 -9-10 8 385 398 -14 -7 8 668 632
-1 -4 7 825 875 B -2 7 17509 1802 8 ® 7?7 1183 1249 -8-18 B 847 863 -12 -7 8 1258 127
8 -4 7 1805 1873 1 -2 7 424 406 i 8 ¢ 175 1178 -4-10 8 €91 690 -18 -7 8 776 76
1 -4 7 2288 2449 2 -2 7 835 . 939 -8-14 8 311 326 -3-18 8 264 207 -3 -7 8 1084 1830
2 -4 7 1072 1947 3 -2 7 207 218 -7-14 & 934 947 -2-18 B 1368 1408 -8B -7 8 208 174
3 -4 7 343 386 4 -2 7 334 406 -6-14 8 253 236 -1-18 8 263 398 -7 -7 8 931 932
S -4 7 1195 1212 S -2 7 535 544 -5-14 8 1804 987 p-19 8 283 160 -5 -7 8 234 248
6 -4 7 560 Sl 6 -2 7 563 938 -2-14 8 351 328 2-18 8 932 gr2 -4 -7 8 571 583
7 -4 7 325 337 -2 7 453 494 -1-14 8 547 522 3-19 8 279 322 -3 -7 8 1833 1848
8 -4 7 355 418 9 ~2 7 970 1830 -186-13 8 418 435 4-180 8 817 343 -2 -7 8 788 766
9 -4 7 281 387 10 -2 7 647 686 -9~-13 8 660 668 -14 -3 8 475 493 B -7 &8 2025 2121
-16 -3 7 454 436 -1’ -1 7 271 206 -7~13 8 566 687 -13 -9 8 S67 511 2 -7 8 979 1013
9 -3 7 555 549 -15 -' 7 399 337 -5-13 8 458 483 -12 -9 8 216 164 3 -7 8 312 313

2n1
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FOBS

08
225
419
329

T3
J460
356
302

1135
1332
1PED
531
418
130
1100
6l7
Z14
&6
£35S
1z2n4
1180
268
1157
1581
300
€32
€21
223
306
2033

FCALC

382
323
422
I01
365
481
374
8rv
1218
1379
1875
533
941
202
1058
SS57
21z
836
€35
1139
1133
252
1115
1535
z391
6418
6i7
311
241
2153
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2438
7S
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445
a76
54s
226
€139
1€24
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1364
754
792
248
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954
1349
876
1592
448
524
549
259
1237
578
SO0
1816
238
747
831
192
1233
1326
322
2819
876
1271
ar?
254
914
335
1001
413
B32
661
731
1719
631
€39
1323
S16
336
1137
1153
1540
529
609
1151
685
1320
327

FCALC

415
905
1355
870
1617
446
527
366
241
1228
575
509
374
263
752
824
285
1313
132
298
2178
912
1282
504
283
919
348
953
416
e
654
7va
1674
€24
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1335
549
365
1214
1197
1568
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594
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973
641
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435
283
588
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1857
452
562
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79
€39
991
314
814
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1872
396
443
947
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2208
19825
631
1264
1925
230
1483
363
259
629
643
743
622
7532
326
917
460
333
231
699
622
442
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678
931
618
287
344
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226
523
1053
1863
454
549
1344
B4S
839
1915
311
796
825
1823
242
479
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871
1527
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985
245
626
667
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602
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922
465
346
256
722
595
464
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-10-18
-9-19
-8-10
-6-18
-4-18
-2-10

2-10

-12 -9

-18 -9
-9 -9
-7 -9
-5 -9
-4 -3
-3 -3
-2 -3
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-1 -8

(Ve RV: RN RV RV RV RV RVa RVa RN s RN RV RV Vo R RV RVO RV RV RV RV Ve RV RVORVo RVa QN e RVa RN o RV RN RV NV RVa RV NV RVA RV RN o RV Vo RV AVa NV JVa RV RV 2 BN o

PRAGE 13

FOBS FCALC H
643 617 1

311 288 3

78 747 4

390 469 S

359 395 -12

331 425 -11

326 218 -1iv

459 454 -9

EE62 789 -8

949 853 -7

1957 1043 -6
466 455 S

212 165 -4

303 316 -3

566 sre -1

1121 117 ]
328 279 1

914 948 2

206 182 4

1802 1029 ~-14
346 220 -13

1617 1913 -12
499 436 -11

913 932 -18

320 293 -9

572 544 -8

479 444 -7

1859 1116 -6
346 349 -5

1140 1143 -4
€n7 6S -2

234 217 -1

497 378 P

412 405 *1

645 669 2

705 706 -15

351 349 ~-14

1936 1036 -13
773 801 -12

520 S14 -il

454 459 -9

303 384 -7

735 737 -5

632 624 -4

212 297 -3

538 572 -2

854 894 -1
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-B
-8
-8
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-7
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-5
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FOBS

752
B38
S16
7az
652
522
218

1238

€62

993

1336

453
1846
1646
362
609
421
229

660
21e
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1

2

5
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-10
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NHAN—= Q=W h

-

VUYWWUWUYWOUWLEULYYWVYLYWYUVVYOUVYVYYVYWVLVVYVOVLWVWUVVYWVVLWUYWYY

FOBS

€16
256
1326
v
246
1173
367
543
343
€29
323
271
375
206
228
€23
2105
341
1219
S25
f(
293
845
346
1896
€29
1258
492
1549
1335
323
1672
32z
74
219
EB4
786
1242
316
713
625
558
491
1288
659
796
582

FCALC

646
233
1325
224
318
1207
454
558
343
674
3%1
2954
963
202
213
599
2126
389
1268
493
436
330

[aJ< B
oo

336
1928
538
1233
307
1551
138
249
1633
347
TS0
295
816
1264
338
ET4
600
516
363
1231
677
797
593
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-3
-4
-3
-2
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P-49 DEG IN Z2THETR
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L

Lol o
SOOAVVWYWOIVVUYLYUVUWUWOUOYYVYOLUWUWOUUYYUOVYYYVOWNVWYVYWYY

10
10
10
18

F0Bs

778
618
71?7
1076
341
1343
732
1931
294
281
852
598
793
246
526
ar?
12380
867
420
~13
791
1474
1984
1636
659
214
348
841
SES
248
4189
706
1133
18S9
241
1451
402
1186
1224
417
59

~>c
N.L

1963
877
270
551
236

FCALC

sav
643
786
1131
393
1290
713
1855
289
248
816
571
74€
z42
683
474
116}
338
413
S84
764
1475
1134
1687
670
246
344
335
622
258
44D
682
1147
1227
216
1428
412
1235
1289
425
544
282
1038
ees
261
563
281

18 FO AND 1@&FC

H K

-4-11
-2-11
-10-12
-8-18
-4-10
-2-18
0-19
1-10

-12
-11
-18
-9
-8
-7
-6
-4
-1
1

2
-12
-10
-8
-7
-6
-5
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-3
-2
-1
a

2
-12
-11
-9
-8
-7
-6
-5
-3
-2
-1

-9
-9
-9
-9
-9
-3
-9
-9
-9
-9
-9
-8
-8
-8
-8
-8
-8
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£
-8
-8
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-6
-6

L

FOBS

345
3.0
256
268
1429
1386
233
247
260
232
1134
414
849
202
aza
731
361
4322
1009
678
465
356
2p3
273
781
arv
1i52
249
534
574
259
268
854
229
268
679
519
211
1119
227
1920
449
268
710
ae7
493

FrALC

347
327
276
288
1444
1838
Z2086
244
183
417
1118
335
866
36
387
rarv
361
421
182
E?S
486
357
191
317
792
431
1128
202
S48
530
267
586
361
ars
2P5
243
694
626
225
11206
251
1847
466
324
784
435
448

H

-12
~-11

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

~
-1S
-14
-13
~-12
-11
-9
-8
~6

K

-6
-6
-6
-6
-6
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-6
-6
-6
-5
=5
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-5
=5
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-3
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PAGE
FOBS FCALC
637 638
853 853
534 586
ST 961
818 818
413 499
579 568
279 237
803 738
453 451
361 297
639 613
1818 934
285 2795
294 286
622 628
1832 1865
EE9 687
323 324
1834 182
262 290
614 625
378 347
267 385
721 663
227 264
973 917
433 443
625 593
1306 1296
921 834
222 214
288 271
627 672
431 454
441 442
856 879
724 763
1269 1987
259 193
588 561
466 459
538 498
633 607
1837 9r2
3291 4_1
1852 1032

14

-11
-10

K

-3
-3

L

18
18
10

F0BS

443
309
223
1155
869
19€3
4418
8€6
416
836
83.:
761
309
482
991
476
256
1128
434
1316
204
441
681
£90
367
434
626
137
763
1263
966

1805

226

FCALC
439

11i8

1129

1342
178
386
S63
728
338
438
628
369
726
1234
9508
868
€59¢
262
287
228
489
378
693
1903
€90

338
639
177
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H3DEP+ RE2(COYSCL3~ ™MD DATA ©-48 DEG IN 2THETA 10 FO AND 18FC PAGE 15 .

H K L FOBS FCALC H K L FOBS FCALC H K L FOBS FCALC H K L FOBS FCALC H XK L FOBS FCALC
-6 B 18 462 446 1 -5 11 721 719 -4 -1 11 1247 1246 -3 -2 12 292 260 _
-4 918 2065 2932 -13 -4 1] 266 261 -3 -1 11 641 €81 -8 -2 12 538 528 “ F
-2 818 1468 1444 -12 -4 11 397 213 -2 -1 11 484 452 -7 -2 12 292 286

8 818 Zir 235 -1l -4 11 405 332 -1 -1 11 267 219 -5-212 753 712
2 818 538 928 -18 -4 11 a3 433 8 -1 11 4g7. 501 -4 -2 12 489 468
4 18  2a3 356  -€ -4 11 sa1 516 1 -1 11 288 22 -3 -212 615 603
-€-10 11 278 23 -7 -4 11 and 278 -14 B 11 28 272 -2 -2 12 548 496
-8 -3 11 235 2r -6 -4 11 334 389 -12 9 11 722 7393 9 -2 12 384 403
-7 -9 11 417 a1l -5 -4 11 618 622 -18 B8 11 551 1465 ~-12 -1 12 657 632
-€ -3 11 458 a3 -2 -4 11 894 890 -8 B 11 B24 795 -11 -1 12 661 637
-5 -3 11 i3 sS4 -2 -4 11 28 464 -6 0 11 249 389  -1B -1 12 791 709
-4 -3 11 1930 1853 -1 -4 11 11a6 1108 ® @11 1915 1862 -9 -1 12 525 583
-3 -3 11 €34 713 B -4 11 €8 377 2 811 1338, 1319 -7 -1 12 382 364
-2 -9 11 492 376 z2-411 S13 432 -8 -7 12 €79 711 -6 -1 12 312 293
-1 -9 11 ar7  ara -13 -3 11 €45  S38 -7 -7 12 241 239 -a4-112 266 276

-11 -8 11 376 363  -12 -3 11 647 83 -6 -7 12 725 748 -2 -112 242 215

-1 -3 11 493 289  -11 -3 11 344 223 -9 -6 12 494 433 -1 -{ 12 3 375 [
-3 -g 11 538 553 -9 -3 |1 349 353 -8 -6 12 473 437 8 -1 i 650 €47
-6 -8 11 49T a3z -§ -3 || 657 €76 -6 -6 12 329  37@ -18 B 12 SBS 466
-2 -8 11 472 43z -7 -3 1i 487  SB7 -5 ~6 12 T8 42z -6 @12 €27 615
-1 -8 11 225 253 -6 -3 i1 454 365 -4 -6 12 208 218 -4 @ 12 1163 1124
-8 -7 11 765 763 -5 -3 {1 713 r21 -2 -6 12 S18 465 -2 @ 12 263 262
-7 -7 11 230 132 -4 -3 11 247 264 -9 -512 €18 616 -6 -2 13 267 291
-6 -7 11 280 366 -3 -3 11 671 €90 -7 -5 12 1146 1187 -7 -1 13 321 33
-5 -7 11 Sz s€2 -2 -3 11 a7s 44 -5 -512 406 438 -6 -1 13 711 712 .
-3 -7 11 E78 852 8 -3 1} 869 858 -3 -5 12 591 608 -5 -1 13 471 a63
-2 -7 11 541 439 1 -3 11 455 457 -1 -512 453 476 -6 B 13 254 161

B -7 11 1822 981 3T -3 11 sa6 =Pl -3 -4 12 685 663

-11 -6 11 314 253 -14 -2 11 SS9 583 -7 -4 12 318 322
-8 -6 11 a4y 429  -13 -2 11 239 282 -5 -412 505 517
-7 -6 11 €62 628 -12 -2 1] 262 259 -4 -4 12 247 252
-5 -6 11 766 783  -11 -2 11 11180 1047 -3 -4 12 217 167
-5 -6 11 582 S€6 -18 -2 11 an1 378 -2 -4 i2 4@ 295
-3 -6 11 37 286 -9 -2 11 1031 1015 -1 -4 12 742 761
-2 -6 11 56  S67 =7 -2 11 216 119 =11 -3 12 669 683
-1 -6 11 667 624 -6 -2 11 888 845 -18 -3 12 41l 262

8 -6 11 1S 353 -3 -2 11 207 17 -9 -3 12 247 218 :
i -6 11 256 239 -2 -2 11 886 863 -8 -3 12 877 854 o .
12 -S 11 1893 1867 -1 -2 11l 319 338 -7 -3 12 537 477 .
1T =% 11 571 s74 B -2 11 337 343 -6 -3 12 996  £37
=Ty 7313 73] 1 -2 11 1271 1244 -5 -3 |2 33 432
-7 - ) 318 4p3 2 -2 1) 61) 641 -4 -3 12 211 254
-7 - 1 375 ggs 3 -2 11 952 949 -3 -3 12 458 454 -
SR 261 209 -=12 -1 11 549  Sa5 -2 -3 |2 291 416 .
STt 251 23% -8 -1 11 458 483 -12 -2 12 41} 439
LD 1A% 1187 -6 -1 1) 448 488 -il -2 12 268 201
PR LY 2260 -8 -1 1) 694 665 10 -2 12 275 289
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0 273 193
0 416 380
0 184 384
2 333 3138
(-} 202 230
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0 €11 €20
6 208 317
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) 787 778
0 420 iz
4] 7EB 733
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e s07 4773
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0 322 286
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0 304 207
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0 1217 1229
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0 262 197
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809 TE8
108 247
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473 453
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427 423
531 29
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1229 1204
V] 32
S2 521
vl €69
319 361

<0 B
455 -3
214 v
442 425
2%0 228
570 %82
€53 €46
313 329
345 413
289 3136
8289 740
494 379
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570 S41
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768 vra
316 257
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350
256
276
422
527
243
323
554
288
516
384
cle

i
PAGE S
FCALC H X
480 12-16
408 -19-15
271 -13-15
314  ~12-1S
552 ~11-15
802 -18-15
348 5-15
276 6-~15
384 ?-1S
380 13-15
463 -17-14
607 -13-14
455 -12-14
332 6-14
540 7-14
54} S-14
363 11-14
587 13-14
S1?¢ -19-13
5 -16-13
392 -15-13
331 -14-13
391 7-13
616 B8-13
CET 9-13
866 18-13
410 11-13
518 12-13
246 13-13
€57 14-13
985 =19-12
499 -16-12
V4 -14-12
37 B8-12
306 12-12
330 -16-11
314  -15-11
286 -14-11
537 9-11
Sar 18~11
296 11-11
383 -20-18
557 -17-18
277 -20 -3
586 -18 -9
346 ~-16 -9
q77 1@ -9

L
6
6
6
6
6
6
6
€
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
o
6
6
6
&6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6

FOBsS

399
305
281
299
1802

475
var

¥8
288

233
258
223
698
336
361
So2
SP6
8€S
765
668
588
235
314
275
B17
1079

FCALC

352
320
292
225
1067
285
283
419
536
423
494
753

249
1187
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H30EP4 REZ(COI6CL3I- ™MD DATA 48-55 DEG 2THETR 10 FO AND 10FC PASE &
H K & FO83 FCALC H K L FOBS FCALC H K FoBsS FCALC H kK L FOBS FCALC H K L FOB3 FCRLC

11 -3 6 433 433 i3 -2 6 I01 226 ~-18-18 7 330 258 4-14 7 rids 233 -21 -7 7 392
i2 -9 6 398 345 15 -2 6 663 758 -8-18 7 238 303 S-14 7 729 724 -18 =7 7 B64
-2 -3 6 383 <62 16 -2 6 297 244 -6-18 7 380 334 ’-14 7 428 463 -6 =7 7 384
-Z21 -8 6 464 s82 17 -2 6 azv Sl1e -5-18 7 227 216 18-14 7 a7 371 11 =7 7 266
-<8 -8 6 387 260 -21 -1 6 288 212 -4-18 7 Ica 387 11-14 7 396 218 12 -7 7 484
-19 -8 6 472 a7 -28 -1 6 439 4z3 ~-3-18 7 536 588 12-14 7 213 &v 15 -7 7 433
-18 -8 6 433 433 2 -1 6 454 Sz -2-18 7 353 284 -18-13 7 429 343 -22 -6 7 233
-1r -8 b6 269D 249 14 -! 6 341 325 -1-18 7 423 400 -ir-13 7 260 - 214 -19 -6 7 32
-16 -8 & 503 544 -22 9 6 7av ree a-1 7 355 353 -16-13 7 256 251 -7 -6 7 228
i -8 © 4286 434 -20 9 6 650 ER1 1-18 7 415 447 -15-13 7 257 275 12 -6 7 411
W 12 -8 © 442 433 14 8 6 625 616 2-18 7 349 498 -15-13 7 463" . 48?7 13 -6 ? rez
13 -8 6 a6 506 i6 8 6 848 868 z-18 7 293 236 5-13 7?7 716 €44 i3 -6 7 438
i6 -2 6 234 291 -B-23 7 277 247 £-18 7 286 228 °-13 ? 611 = 599 -9 -5 7 512
~22 -7 6 310 264 -6-23 7 322 238 5-18 7 391 Iv6 8-13 7 478 466 -17 -5 7 843
=19 ~¢ 6 313 324 -5-23 7 287 287 ~1e-1?7 7 2967 268 -1z v 412 359 tt -5 ? acy
-8 -7 6 Sat 596 -1-23 7 385 317 -12-17 7 245 221 -15-12 7 743 v 13 -5 7 329
11 ~7 6 513 542 -7=22 7 224 360 -18-17 7 2656 262 €-12 7 448 424 -19 -4 7 333
i2 -7 6 413 432 -3-22 7 434 433 -3-17 7 472 434 9-12 7? I 799 ~17 -4 7?7 2u8
14 -7 6 €80 531 -2-22 7 250 132 ~7-17 7 474 436 11-12 7 4492 443 19 -4 7 455
-21 -6 6 326 237 -5-21 7 514 433 -6-17 7 766 756 12-12 ¢ 263 37 12 -4 7 536
-8 -6 6 549 542 -7-21 7 258 225 -4-17 7 736 782 -21-11 7 311 32 i3 -4 ? 781
-i7? -6 6 €92 735 -3-21 Z2E8 263 -1-17 7 359 347 -15-11 7 425 324 14 -4 7 314
11 -5 & 337 419 -2-21 7 00 2ES a-17 7 sar 535 -14-11 7 <39 428 15 -4 7 331
12 -6 € 525 SE3 -1-21 7 245 333 3-17 7 498 477 8-11 7 547 545 =21 -3 7 452
13 -6 6 469 545 e-21 7 271 236 S-17 7 286 286 -20-10 7 417 417 -2B -3 7 253
14 ~6 B 471 4382 3-21 7 642 €643 6-17 7? 513 538 -17-18 7 . 2SS 291 -18 -3 ? 569
-19 -5 6 S5 591 5-21 7 423 376 8-17 7 472 447 -16-10 7 v53 791 -7 -3 7 428
-17 -3 6 asy SB4 -8-z28 7 474 439 ~12-15 7 719 7es ~15-180 7 240 417 11 -3 7 608
13 -5 6 827 843 -4-20 7 482 423 -11-16 7?7 4352 468 8-18 ¢ 838 835 12 -3 ¢ 333
15 -5 6 4392 546 -3-20 7 396 353 -18-1€ 7 546 532 ip-108 ? 1ae3 1209 1 -3 7 412
17 -5 6 302 254 -2-20 7 413 421 -8-16 7 25 282 =22 -9 7 . 466 432 -2: =2 7 416
-28 -4 6 295 285 4-28 7 363 345 -7-16 7 Se3 564 -20 -3 7 345 326 ~28 -2 7 3va
~-18 -4 6 355 312 6-20 7 227 213 -6-16 7 €38 522 -19 -9 ? 328 332 -9 -2 7?7 447
-17 -4 6 ¢13 809 -14-19 7 326 286 p-i6 7 €63 847 -1r -9 7 254 289 11 -2 7 733
12 -4 © 36E 350 -19-13 7?7 S76 584 1-16 7 [gy 7398 8 -5 7 27 256 12 -2 °? 3138
13 -4 & SE 740D -8-19 7 552 538 2-16 7 678 711 18 -3 ¢ 318 316 14 -2 7 394
14 -4 6 285 352 -5-19 7 323 314 6-16 7 403 468 13 -9 7 285 218 =22 -1 7 S5i2
=22 -3 6 215 37 -3-19 7 228 | 382 -17-15 7?7 oS4l 528 14 -2 7 519 431 ~21 -1 7 308
=19 -3 & 593 426 -2-13 7 545 S15 -13-15 7 459 472 15 -2 7 338 278 -18 -1 7?7 458
-18 -3 & 573 553 2-19 7 are 2n2 4-15 7? 359 350 -22 ~8 7 408 365 12 -1 7 254
12 -3 6 531 583 2-13 7 S41 588 S-i5 7 435 473 -7 -8 7¢ 241\ 196 13 -1 7 315
14 -3 & S78 621 4-19 7 639 653 7-15 7 869 813 -16 -8 7 723 738 14 ~1 7 484
15 -3 6 327 203 -16~18 ¢ 327 322 9-15 7 298 233 3 -3 ? 378 912 15 -1 7 480
-21 -2 6 567 553 -15-18 7 269 243 -19-14 7 298 381 i2 -8 7?7 293 228 16 -t 7 v 1
-19 -2 6 360 363 -13-18 7 328 361 -14-14 7 238 182 it -8 7 588 579 -280 0@ 7 748
-18 -2 6 5354 543 -12-18 7 239 324 -13-14 7 516 Se9 12 -6 7 292 258 -18 8 ? 261
12 -2 b 689 S99 -1i-18 7 391 382 -11-i4 7 791 831 14 -8 7 333 361 -6-22 8 275

hd

e

-
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H3IOEP+ RE2(CO>BCL3-

H K

-3-22
-9-21
-7-21
-5-21
-3-21
-11-20
-10-20
-4-28
-2-28
2-z8
3-29
4-28
-13-13
-18-13
-8-19
-4-13
~2-19
4-13
-19-18
-9-18
~-7-18
-6-18
-5-18
-2-18
-2-13
2-18
3-18
5-18
£-18
-15-17
~12-17
-3-17
-8-17
-7-17
-3-17
-2-17
8-17
2-17
4-i7
S-17
-1i-18
-9-16
-8-16
-T=-16
-6~ 1€
-5-16
-a-16

r

010 00 0I®MOIOINICIMO)O0 030 m@Oaaad oo a0 oo oaaaaoama

FOBS

350
a3a
246
293
356
300
352
3932
s7e
437
259
321

303
700
582
$32
357
532
337
257
212
288
443
511

355
363
343
304
265
238
£41

303
390
239
417
241

726
446
295
396
247
296
375
364
963
518
627

e et o et e e

FCALC

332
421
226
383
3381
229
346
378
568
468
354
236
206
321
557
S60
293
315
469
258
257
402
413
S13
356
363
322
307
234
287
658
327
I7e
297
336
249
710
336
251
228
322
306
338
239
947
489
578

H K

2-16
5-16
6-16
7-16
8-16
-14-15
-12-15
-12-15
-i1-15
-9-15
-8-15
-7-15
-1-15
n-15
1-15
5-15
-19-14
-17-14
-11-14
~9-14
2-14
4-14
s-14
7-14
11-14
-17-13
-14-13
-13-13
-12-13
3-13
a-13
5-13
a-13
1n-13
12-13
~28-12
-18-12
-15-12
-13-12
6-12
8-12
9-12
11-12
-21-11
-17-11
-16-11
-15-11

-

VOOV WRPRONDODRCRNODODEOEO NN 00D ENEO A ®ND

FOBS

356
411

844
453
432
294
701

254
536
246
253
4396
843
528
991

317
449
396
486
232
373
25
660
937
292
271

335
273
620
483
237
644
335
37l

132
268
347
578
238
873
509
334
350
x32
376
371
354

MO DRTA 43-53 DEG 2THETR

FCaLc

3va
313
675
364
37
228
713
2ve
614
233
258
503
858
538
3es
329
414
354
88
134
387
493
636
348
257
304
351
260
611
427
233
639
317
x50
442
142
315
554
283
881
464
2392
374
288
423
355
588

19

FO AND 1BFC
H kK L FOBS
S-11 8 411
6-11 8 257
B-11 8 393
9-11 8 580
10-11 8 232

-16-18 8 428

-15-19 8 309

-14-18 8 795
19-18 8  S4l

-20 -9 B8  4s2

-18 -9 8 299

-16 -9 8  ©o4

-15-9 8  Zoo
8 -9 B €76
3-9 8 264
12 -3 8 455

-18 -8 8 528

-17 -8 B 322

-15 -8 8 320
7 -8 8 Si6
8 -8 8 362
9 -8 8 454
19 -8 8 443
12 -8 8 302
14 -8 8 3202

-21 -7 8 375

-17 -7 8 538

-16 -7 8 328
9 -7 8 463
12 -7 8 €25
14 -7 8 22

-20 -6 8 346

-19 -6 8 576

-18 -6 8 499

-17 -6 8 437
8-6 8 832
3-6 8 260
11 -6 8 273

-17 -5 8 453
11 -5 8 729
13 -5 8 851

-20 -4 8 282

-19 -4 8 612

-18 -4 8 524

-17 -4 8 482
11 -4 8 498

-17 -3 8 629

FCRLC

418
257

266
521
428
282
812
314
€288
190
537
517
303
324
591
335
47
447
265
314
297
585
324
465
651
433
200
536
350
441
942
243
251
4083
742
888
276
558
486
473
559
581

o
|
!

—
)
—
@

’

YYVVLVUPYWOUOOOUVVYVVLVYVLVLOVUWVWOUOUOYWYWOODDDODODONOOOEOO@OEOOMBOOC M

FoBS

753
348
727
586
23S
493
252
738
305
488
406
384
419
343
582
820
568
341
583
823
496
304
493
a7

362
272
441
348
325
366
282
36n
458
257
642
247
325

261

PAGE 7
FCALC H K
51 -8-17
376 -6-17
rdd -5-17
497 -3-17
296 3-17
456 4-17
293 6-17
7ol =17-16
278 ~14-16
452 -13-16
387 -12-16
311 -5-16
369 -4-16
335 -2-16
475 -1-16
924 B-16
623 1-16
372 2-16
575 6-16
843 -11-1S
421 -8-15
207 -7-15
424 -6-15
207 -5-15
385 1-15
260 2-15
483 5-15
372 6-15
<69 7-15
333 ~-17-14
179 -13-14
358 ~-11-14
451 -18-14
214 -9-14
610 -5-14
3s -2-14
318 -1-14
244 1-14
226 2-14
348 4-14
489 5-14
237 -13-13
349 -18-13
329 -16-13
347 -15-13
389 -11-13
231 i-13

VWOULWWOWYLVVOVVVVVVVYLWLVWOLVVLWVLOVWVLVYVVVLVLWVOLLVOVVWVWVWOLWBWY I~

FOBS
354

320

571
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H30EP+ RE2(COY6EL3- MO DATR 48-55 DEG ZTHETA
H K L FOBS FCALC H K L FOBS FCRLC
3-13 9 246 264 -22 -7 9 202 123
4-13 9 613 597 -28 -7 S 334 385
5-13 9 527 531 ~-18 -7 9 474 488
6-13 9 6135 37 -15 -7 38 724 7ov
7-13 9 341 376 6 -7 9 336 BR9
8-13 9 331 373 8 -7 9 S0 4g83
-17-12 9 268 238 9 -7 9 411 263
-15-12 9 245 179 -17 -6 39 643 637
~14-12 39 238 336 v -6 9 341 220
~11-12 3 438 72 12 -6 9 21 213
3-12 9 83. T 11 -6 9 %89 658
3-12 9 579 543 12 -6 9 <54 S€3
T-12 9 367 358 13 -6 9 339 431
9-12 9 aE?” 432 -19 -5 3 743 ras
-17-11 39 123 395 -17 -5 9 402 398
-16-11 S 415 366 7 -5 9 1191 124S
-1s-11 3 536 9695 =21 -4 9 276 214
-14-11 9 314 238 -1 -4 9 424 349
-13-11 9 239 246 7 -4 9 459 3o
-12-11 3 <78 246 11 -4 3 22l ] £S5
3-11 9 256 534 iz -4 5 2e 406
J-11 3 297 2ar 12 -4 S 625 669
6~11 9 Ji0 S50 i4 -4 9 324 137
7-1 9 366 <49 208 -3 9 4808 4293
9-11 9 479 445 -13 -3 9 239 261
19-11 S 133 254 -18 -3 9 485 486
-18-:8 3 232 312 -i6 -3 9 228 191
-16-18 39 543 529 8 -3 9 585 €12
4-18 3 1107 a2 9 -3 9 S23Z 566
8-18 3 548 520 =21 -2 9 524 433
190-18 9 343 355 -8 -2 9 312 3ES
~16 -3 9 £91 682 -7 -2 9 691 533
-14 -9 3 735 739 8 -2 9 423 409
S -3 39 308 29% 9 -2 9 =2 <33

7 -9 3 261 215 12 -2 9 957 52
8 -9 3 441 436 =22 -1 S 366 230
18 -9 9 v 541 -17 -1 9 a72 436
-2 -8 9 257 123 8 -1 3 348 328
-18 =€ 3 231 342 9 -1 9 605 574
-17 -8 9 378 243 19 -1 3 733 638
-16 -3 9 S42 496 14 -1 S 422 452
-15 -8 9 341 369 -22 © 9 526 518
7 -8 9 281 195 -29 B 9 420 446
B -8 3 433 401 -18 B 9 539 585
3-8 9 345 32v 8 8 9 652 786
11 -8 3 331 323 18 8 9 301 225
12 -8 9 428 418 -4-20 to 558 538

19 FO AND
H K

-2-20
-18-19
~8-19
2-19
-12-13
~8-18
-7-18
-5-18
-4-18
-3-18
-2-18
-1-18
-12-17
-11-17
~9-17
-6-17
-4-17
-2-17
8-17
1-17
217
€-17
12-16
-11-16
-8-16
-7-16
-6-16
B-16
4-16
5-16
6-16
17-15
14-15
13-15
~7-195
-5-15
-2-15
-1-13
8-15
=15
5-15
~13-14
-11-14
~9-14
-7-14
-4-14
-3-14

10FC

L

i9
19
18
19
10
18
18
.0
19
10
10
18
18
1e
19
18
1 EH
16
19
10
10
1@
12
18
18
10
10
10
10
19
10
19
10
10
19
19
10
15
12
19
18
10
19
10
10
18
10

FOBS FCALC
326 214
441 455
264 268
447 458
268 385
313 262
253 224
ary a6
05 298
T8 359
11p 247
252 193
33, 233
4% 27
az8 344
SBE 478
262 243
339 348

23 312
222 293
364 355
253 261
332 308
336 299
559 534
27 265
se2 516
267 261
433 a4s2
272 338
467 465
331 319
352 212
518 S46
331 378
436 483
353 326
531 557
395 336
325 308
233 248
357 390
38 353
372 384
813 882
487 481
317 334

H K

-2-14
1-14
3-14
5-14
7-14
8-14

-14-13
-13-13
-12-13
-11-13
-10-13

-9-13

-B8-13

-0-13

-6-13

~5-13

~-2-13

-1-13
8-13
2-13
3-13
4-13
6-13
7-13

-17-12
-15-12
-12-12
-11-12

-8-12

-2-12

-1-12
1-12

L

19
18
12

PRGE B
FOBS FCALC H K
358 327 18-18
484 381 -8 ~9
306 3ir6  -13 -9
718 732 3 -9
331 366 4 -9
337 286 g8 -9
356 342 -20 -8B
326 213 -1i7 -8
346 323 -16 -8
232 302 -15 -8
335 382 -13 -8
ass 489 4 -8
311 3i6 € -8
234 Z263 7 -8
37 335 9 -8
653 669 -18 -7
4386 582 -17 =7
535 548 -4 -7
523 547 6 -7
41?7 398 7 -7
512 512 18 -7
95 97 12 -7
312 219  -19 -6
238 306 5 -6
342 371 6 -6
524 513 7 -6
3132 282 8 -6
48s 433  -19 -§
557 5Pl -1 -5
232 141 -15 -$
312 269 7 -S
469 427 11 -5
SE7 sap -20.-4
ag8 444  -19 -4
564 521 6 -4
269 280 T
561 S71 8 -4
758 793 -21 -3
o2 754 -18 -3
7S3 721 -17 -3
694 693 7 -3
584 560 18 -3
379 321 11 -3
744 707 12 -3
385 374 -20 -2
. 225 276 17 =2
658 591 6 -2

L

F0BS FCALC
456 444
42] 388
436 356
433 441
334 553
345 303
365 337
499 424
333 367
512 582
382 2935
482 » 396
382 288
443 44
454 446
397 319
432 426
a3 679
412 383
398 344
339 476
513 534
342 388
913 884
745 756
307 255
355 344
509 452
361 311
544 S8t
S21i 518
734 733
290 221
546 512
579 598
618 6209
373 497
329 243
448 392
455 294
316 369
353 354
331 283
371 432
311 305
626 S5?
-798 828
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H30EP+ RE2(CO)6CL3- MO DATH 48-55 DEG 2THETA 18 FO AND 18FC PAGE 9
H K L FOBS FCALC H K L FOBS FCALC H K L FOBS FCALC H K L FOBS FCALC H K L FOBS
T -Z 19 836 €439 =13 11 233 Z83 -<—-18 11 386 231 -18 -3 11 233 1l -13-14 12 3il
9-218 805 775 -13-13 11 281 326 P-190 11 408 362 ~17 -4 11 318 239  -9-14 12 324
22 -1 18 418 65 -12-13 11 253 262 2-1p 11 1857 1828 -15 -4 11 608 565  -5-14 12 238
-21 -1 18 283  3@S- ~-3-13 11 498 495 4-18 11 439 453 4-411 364 367 -4-14 12 287
-18 -1 18 S13 4382  -8-13 11 234 257 -18 -9 11 285 253 S-411 354 326 -i-14 12 555
8 -118 278 251 -7-13 {1 za5s 248 -16 -3 11 621 6393 6 -4 11 322 254 1-14 12 282
-16 818 1848 971  -6-13 11 363 338 -12 -9 1l 471 494 7 -4 11 442 23 2-14 12 330
6 8 18 327 326  -S5-13 11 474 487 4 -9 11 264 275 9 -4 11 333 279 -15-13 12 371
8 818 988 991 -4-13 11 252 275 8 -3 11 623 581 11 -4 11 537 554 =-12-13 12 246
1 218 579 682  -3-13 11 S35 561 9 -9 11 23 268 =21 -3 11 3@ 313  -11-13 12 188
-5-19 11 268 262  -2-13 11 323 276 =-18 -8 11 497 370 -20 -3 11 289 215 -8-13 12 345
-4-13 11 573 S23 ?-13 11 236 178 -14 -B 11  49i 486 -18 -3 11 257 171 -7-13 12 387
-2-19 11 271 223 1-13 11 264 253 1 -8 11 €621 619 -17 -3 11 31 312  -6-13 12 254
-11-18 11} 319 251 4-13 11 276 302 2 -8 11 468 499 -16 -3 11 255 98 -3-13 12 4:0
-18-18 11 256 239 5-13 11 Ir4 324 3-811 6Bk 538 -14 -3 11 634 685 e-13 12 277
-g-18 11 253 263 6-13 11 316 287 € -8 11 234 324 4-311 53 588 1-13 12 233
-6-18 11 354 335 -15-12 11 385 259 18 -8 11 492 363 5S-311 2% 249 3-13 12 239
1-18 11 282 282 -14-12 11 331 327 -28 -7 11 378 277 6 -3 11 523 539 4-13 12 250
-12-17 11 313 355 -11-12 11 644 659 -17 -7 11 375 387 8 -3 11 269 235 -17-12 12 292
-8-17 11. 368 384 -9-12 11 433 481 -15 -7 11 364 406 9 -3 11 392 394 -14-12 12 339
-17 11 343 357 -8-12 11 291 267 -14 -7 11 477 492 -21 -2 11 W6 278 -12-12 12 376
I-17 11 333 342  -6-12 11 S8l 477 -13 -7 11 272 247 -18 -2 11 386 338  -9-12 12 311
P-17 11 341 398 -3-12 11 266 208 ~-12 -7 11 77 754 5-2 11 33 352 -5-12 12 715
-1a-16 11 328 284  -2-12 11 456 584 3 -7 11 368 343 6 -2 11 2438 320 -3-12 12 473
-8-i16 i1 342 336 g-12 11 387 232 4-711 656 622 18 -2 11 285 343 P-12 12 304
-7-16 11 276 231 1-12 11 553 573 € -7 11 432 493 -2 -1 11 281 2@ -16-11 12 344
-6-16 11 417 419 3-12 11 a4 a4 v -7 11 3s2 362 -17 -1 11 334 323 -12-11 12 303
-2-16 11 ar3 421  -17-11 11 415 338 9 -7 11 355 335 -16 -1 11 €28 644 ~-11-11 12 536
o-16 11 3m1 259 -16-11 11 325 336 -19 -6 1l a64 465 -15 -1 11 378  3rD -18-11 12 376
S-1€ 11 275 183 -1S-11 11 287 328 =-18 -6 11 273 258 4-111 az3 374 -9-11 12 33
~1%-15 11 48 352  ~-B-11 11 22 223 -17 -6 11 418 342 7-111 539 518 -6-11 12 225
-i1-15 11 a6 227 -7-11 11 249 237 -15 -6 11 437 432 8 -1 11 S63 563  -4-11 12 41l
-9-15 11 278 231  -6-11 11 335 415 ~-14 -6 i1 332 389 9 -1 11 375 31 -2-11 12 332
-8-15 11 314 287  -S-11 11 636 79 -13 -6 11 383 395 -22 @ 11 543 48 1-11 12 463
-7-15 11 323 317 -4-11 i1 920 946 3 -6 i1 2908 265 -18 8 11 326 312 2-11 12 456
-1-15 11 411 371  =3-11 11 656 644 4 -6 11 397 211 4 811 €53 583 3-11 12 479
S-15 11 apa 375  -~2-11 11 S@2 477 s -6 11 385 486  -5-18 12 262 291 ~-18-18 12 275
~-15-14 il 273 277 @-11 11 267 267 6 -€ 11 451 397 -11-17 12 311 181 -16-18 12 372
~13-14 11 337 a9l 4-11 11 275 267 7 -6 11 326 282 -6-17 12 264 314 -18-10 12 266
-18-14 11 zr8 277 7-11 11 444 434 9 -6 11 212 218 -2-17 12 259 242  -6-19 12 793
-8-14 11 242 168 3-11 11 358 294 11 -6 11 238 267 1-17 12 321 298 -4-18 12 848
-7-1a 11 578 622 9-11 ‘1 409 487 =21 ~5 11 334 284 -14-16 12 346 313  -2-18 12 316
-s-15 11 ara 467 =-18-18 i1 265 209 -13 -5 11 487 354 ~-12-16 12 273 283 4-18 12 321
-3-14 11 404 337 -14-1B 11 263 228 3-511 401 367 -B-16 12 245 242 6-18 12 281
-1-14 11 625 S67 ~-12-1@ 11 475 451 5-511 868 887 -2-16 12 338 312 ~-12-912 512
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