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ABSTRACT

~ 3 . . 3 N 3 . 4.2
Zeolitic ion-exchange experiments were carried out using Aut3,

+2 +2 + +2 +2 -+ L t2 L+ . .
Ag , Ca 7, Cr 3, Co 7, Cu 7, Fe 2, Hn and Zn “ solutions. Five
ion-exchanged samples of the synthetic zeoiite A, NalelIZSilegg,

were exchanged stoichiometrically. They are;

CuyNaghAl1,Si|,0u3 (m
CapNaghAly,Si12048 (2)
CoyNayAl 1S 1,048 (3)
My, 5NagAl|,Si 50,8 (&)
and ZnSNaZA]]25i12048 (5).

The selenium and tellurium sorption complexes of zeolite A, zeo-
lite (2), and zeolite (3) were also prepared.

The crystal and molecular structure of the selenium sorption com-
plex of (2), SeSCaZNaSF\.I]2
Zn5Na2AIIZSi]20u8A29HZO, were studied by X-ray diffraction techniques.

$i1,045 XHp0, and the hydrated form of (5),

The selenium sorption complex was found to be crystallographically
disordered.
A successful structure determination was achieved for the hydrated
zinc-exchanged zeolite, and was refined to Ry and Ry error indices of
'0.097 and 0.092, respectively.
The methods used for ion-exchange, zeolite complexation, and crystal-
lographic investigation are discussed. The molecular geometries for the

hydrated zinc-exchanged zeolite are presented.
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The eternal mystery of nature is its comprehension.

Albert Einstein



b, IRTRGDUCTION

A, Rationale

The raticnale behind intricate and sophisticated chemical research
often cludes the layman and the scientist alike. It is of value, there-
fore, that the relevancy of this present endeavor be offered at the on-
set.

A1l research, but particularly novel chemical, biochemical, and
physiochemical research, is hampered by the inabifity of many methods of
experimentation to confine a problem within a closed, tightly controllable
system. |t is unknown or spontaneous vériables whicﬁ often are responsible
for extending or perplexing any specific inquiry. 1In most cases, adequate,
even applicablé, understandings will not be entirely satisfactory until
they account for the primary operational basis of the system to which the
scientist directs his investigations.

There is perhaps no better example of this *than in human biolegy.

Early medical science could identify only blood, bone, and flesh. Later

the organs were recognized and identified. Eventually a celluler theory

of life was conceived. All of this knowledge was magnificently insufficent,
however, in explaining and in coping with disease. Nor did it offer much
aid in explaining or propagating health. It was, relatively, only recently
that researcn restricted to in vitro, closely controllable, biochemical sys-
tems was able to yield suitable explainations for disease or health svmptoms
which are, primarily, chemical in origin. The‘universa} use of medicinal

drugs bears testimony to the reality of a concept of life based on chem-
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ical foundations. [t is distressfully apparent, nzvertheless, that the

extent of this chemical knowledge is neither deep nor broad encugh.
Unfortunately, there have bsen no witnesses te lifes chemical con-
struction and evolution, and we have thus been denied a complete under-
standing of the mechanisms by which we function. Hence, present day re-
searchers must assume the role of archaeologists in reconstructing the
molecular basis of life.l’2’3
It is doubtful whether many scientists apply themselves, iﬁdividua!ly,
to the task of comprehending life. More likely, they restrict their work
to realistic, less complex, more controllable facets of nature. In such a
manner the research presented here has been confined to controllable sys-
tems, so that a submicroscopic basis for the understanding of the macro-

scopic, physiochemical parameters, properties, and interactions within

these systems may be gained.
B. The Biological Elements

It has been established that at least 24 of the 90 naturally occurring
chemical elements are essential to all living organisms.“ These elements in-
clude manganese, iron, cobalt, copper, zinc and the monoatomic cations of
sodium and calcium. The former five elements are all transition metals
which 1ife requires only in trace amounts. Because of their readily var-
iable oxidation states and their ability to form strong complexes with li-
gands, these elements act as catalysts in organic and inorganic reactions.

In living organisms these trace elements often occupy allosteric sites
in enzymétic metalloproteins. Manganese is found in Arginase, responsible
for urea formation, and Pyruvate Carboxylase, an enzyme of pryuvate metabol-

ism. Zinc is found in Carbonic Anhydrase,'Carboxypeptidase and Alcohol De-
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hydrogenase, respactively responsible for rzqulation of body acidity,
protein digestfon and alcohol metabolism. Cobalt appears in enzymes in-
volved in the biosynthesis of DNA and in amino ascid metabolism. Elasticity
of aortic walls and skin pigmentation are included in the range of functions
of the copper containing enzymes. Lastly, iron is a required component of
the well studied proteins hemoglobin, which facilitates oxygen transport,
and Succinate Dehydrogenase, a key enzyme in the aerobic oxidation of carbo-
hydrates. The existence of interactions between these trace elements and
molecular entities within living systems is thus not in doubt.

‘In the inorganic state, these elements appcar.in many minerals, exist
in continental deposits, and may be found in many forms in the oceans and on
the ocean floors.r

Industrially, man has taken advantage of their catalytic properties to
commercially produce life supporting substances. The use of transition matal
complexes by the petroleum industry in catalytically producing energy rich
hydrocarbons,? attests to the significance which these elements possess in
the support of our species.

The monoatomic cations Na* and Ca'™, tOgetgér with K+, Mg++, and C1°,
are also critical to a number of functions within living organisms. They\
help maintain electrical neutrality of cells and fluids, play a part in
maintaining the proper liquid balance of the blood and other fluid systems,
and are critical to the proper functioning of the cell membrane in control-
ling electrochemical balances, osmotic pressure differentials, and transport
of molecules into, and out of, the cell.

Much attention and investigation has been focused on the aforementioned
elements and processes. The ability to create authentically modeled, yet sim-

ple, systems which may elucidate characteristics and properties of any com-



ponent of these processes, has been the key to their successful rescarch,
The present research is directed at a deeper understanding of several
of these essential elements. |In their ifonic form these elements, exchanged
into rigid crystalline, open anionic framework structures, can be expected
to display unusual coordination and to exhibit unusual chemical properties.
Further, in zeolitic frameworks, the ions may have coordination sites which
are not occupied and not blocked, but rather entirely vacant and available
for further complexation. Substrate or ligand species may then be intro-
duced into the zeolite cavities. The subsequent cryatallographic study of
the exchanged ion - sorbed species interactions may provide insight to the
role of the particular ions in biological processes. Additionally, the study

of these intrazeolitic complexes . 1is relevant to petrochemical catalysis.
C. Zeolites

The use of zeolites in this work requires that they be briefly dis-
cussed.
Natuarally occurring zeolites have been known since the 18th century,

"when the Swedish mineralogist Baron Cronstedt6

, observing that these min-
erals intumesce when heated, gave them their name from the Greek zeo, mean-

ing to boil, and lithos, meaning stone. Since then mineralogists have

classified over 50 types of zeolites, each with its own crystal structure.
Zeolites are a class of aluminosilicates characterized by a network of

Si0y and Al0y tetrahedra. The Si/Al ratio varies upward from unity depend-
ing on the zeolite type. The aluminosilicate framework is anionic and
achieves neutrality through the inclusion of exchangable cations. The
arrangement of the Si04 and AlOL tetrahedra gives rise to channels and

cavities within the zeolite. It is into such spaces that small molccules
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can be sorbed and interact with the cations. {t has been hypothesized

that natural zeolites could have been involved in the abiotic events lead-
ing to the origin of Iife.7
Zeolites have only in the past few decades been synthesized in the lab-
oratory. This synthesis, initially achieved by D.W.Breck at the Linde Company,8
- - . 3 . O
has stimulated extensive research into their use as molecular sieves.” In
this capacity their most well known use is in the softening of ''hard water'
. + . . . ++ +4
by exchanging Na for various divalent cations, such as Ca and Mg .
Zeolites are utilized in industry to purify products by the removal of trace
pollutants and to perform separations by the selective sorption of smaller
or more polar molecules. 'O A significant example of their pollutant removal
capacity is in their recovery and purification of radioactive cesium-137 from

nuclear power sources.!!

Zeolites are also extensively used as catalysts in
hydrocarbon rearrangements. When dehydrated, zeolites become the most effect-
ive desiccators known, and have been employed in high vacuum systems and in

12,13, 04

the biological dehydration and degradation of cell organelles.
erous other uses of zeolites, including those in this research, stem from
their distinctive properties of high capacity ion exchange, strong and sel-
ective sorption at low sorbate concentrations, and specific catalysis.

The structure of the first synthetic zeolite, type A: Na!zA]|253120b8’
was determined by Reed and Breck!5 in 1956 and further refined by Brous-
sard and Shoemaker‘6 in 1960.

The structure of type A, a unit cell of which is shown on the next page,

17

can be described as an assemblage of sodalite ’ cages, 6.5A in diameter, each
’ +

consisting of 24 sit or Al ions bridged by 36 oxygen atoms. The sodalite

units are, in type A, arranged in a primitive cubic array linked together

by 12 additional oxygen atoms. At the center of each cube of sodalite units,

a large cavity, 11.4A in diameter, is formed. In the middle of each square
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face a l6-member ring is formed consisting of 8 oxygen, 4 silicon, and
L4 aluminum ions in the sequence . . .A1-0-S${-0-A1-0-Si.

Prior to 1972, nearly all of the knowledge of sorption and catalytic
sites in zeolites was obtained through infrared SpectFDSCOpy.}g’]g’zo NHR
techniques%] and other spectroscopic methods. It was through these methods
that bonding involving the sorbant molecules was first discussed.

In the 1960s the crystallographic study of stoichiometrically ex-

: 2
changed sorption complexes of zeolite A was initiated by Seff and Shoemaker.

Since that time many more workers have prepared variously ion-exchanged and
complexed zeolites. Only a few of these have been investigated crystallo-

graphically.

D. The Objective of This Work

2,23

The immediate goal of this research is to prepare variously ion-exchanged

zeolites, to experiment in complexing these with elements or small molecules,

and to examine certain of these prepared novel complexes by the methods of

X-ray crystallography.



11 - X=RAY CRYSTALLOGRAPHY

A. fApplication To This Research

The ultimate objective of the research upon which this thasis is pre-
sentgd, is to provide a sub-microscopic basis for the understanding of the
macroscopic physical and chemical properties of various cation exchanged or
complexed zeolites. In particular, the determination of the Cartesian co-
ordinates of the atoms in sorbed molecules and exchanged ions within the known,
but somewhat flexible, zeolite framework, adds not only to the present under-
standing of the forces responsible for sorption and catalytic activity, but
often lends insight into the chemistry of interaction between the exchanged
and sorbed species. It is the unambiguous determination of the atomic posi-
tions within the unit cell of the variously ion-exchanged and complexed zeo-
lite crystals which allows us to progress in our comprehension of these sys- -
teﬁs. |

Many methods exist by which chemists are enabled to postulate structural
molecular models. |In many cases the employment of such methods as nuclear mag-
netic resonance, electron spin resonance, visible, infrared, ultraviolet, or
microwave spectroscopy, is able to yield characteristic information about the
investigated molecules, but in no case do these methods yield precise atomic
positions in three~dimensional space.

Crystallography is the only technique capable of definitive molecular
structure determination. The employment of X-ray crystallography commonly
provides atomic resolutions greater than one hundredth of an angstrom, and

L

consequently remains unparallellied by any non-diffraction technique.2
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B. Historical Devclopment

The intrique of crystalline materials has held the sttention of natur-
tists for many centuries. The word crystal is derived from the Greek kry-
ékélléi?é which means, literally, frozen ice. The Greeks used this term for
the mineral quartz, which they believed to be frozen water.

It is interesting that this belief was maintained until medieval times.

As the science of mineralogy developed, the '"frozen ice'' hypothesis vanished
and the study of many natural crystals strengthened the evidence which postu-
lated that the external appearance of crystalline matter was indicative of .in-
ternal order and composition. .

Late in the seventeenth century the French abbot Rene' Just Haly began to
collect and investigate crystals as a hobby. Although Haly began his scientific
career relatively late - he was thirty - he soon became the foremost authority
in the fields of crystal study and mineralogy. During the course of his invest-
igations, Haly once dropped, accidently, a crystal of calcite. He noted that all
of the broken pieces resembled each other, and the larger crystal, in external
shape. He continued to break the small pieces and found that section after
section could be removed until all of the pieces were geometrically identical
rhombohedra. Hauy's findings led to the concept of a crystal as a macroscopic
sample of a solid substance composed of building blocks - atoms or molecules -
which are orientated to each other in an orderly, symmetrical, periodic manner

in three dimensions. Hauy is credited with over 100 crystallographic publica-

.
tions. His Treatise on Crystailoqraph%? a classic, was published in 1322, the

year of his death.
X-rays were accidently discovered in 1335 by Wilhelm Conrad Roentgen,27 who
so named them because he was uncertain of their nature. These rays, which are

also called roentgen rays, have since been found to constitute a portion of the
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of the electromegnetic spuctrum of radiation. XY-rays are invisibie, ponetrat ing
radiaticns, not unlike visible light in noturce, but of & shorter wavelength ( 1077
to }O-]} cm;). They are emitted from atoms due to spontancous or artiticially
produced eneargy transitions within atonic electron sheils. Experimentally, and
comarcially, X-rays are produced by bombarding a metallic target with a beam 0f 
high velocity electrons.

Kax von Lauezgof Germany, a copatriot of Roetgen, suggested in 1912 that
crystalline solids might be employed as diffraction gratings for X-rays, since
X-ray wavelengths are similiar to the intramolecular distances in crystals. |If
such a diffraction could be experimentally obtained, then crystallography could
expand to include the quantitative study of internal crstalline order and estab-
lish precise molecular geometries. Laue's hypothesis was confirmed the same year
by Friedrich and Knipping,29 who were able t§ obtain diffraction patterns photo-
graphically,. Thé successful structure determinations of HaCl and KCl in 1913 by
w.CoBragg,BO the construction of the first X-ray spectrometer by Bragg's father,
and the applicab;lity of Bragg's Law, which predicts X-ray scattering, established

X-ray crystallography as a science which has since become fundamental to mole-

cular research. , .
C. Theory

Max von Laue formulated a unique, yet complicated, mathematical explain-
ation of X-ray c¢iffraction by crystals. However, it is W.C.Bragg's treatment
of the phenomenon, in simple geometric terms, which has proved indespensible
to an understanding of the diffraction concept.

Since the atoms or molecules, of which crystals are composed, are arranged
in a three dimensional, orderly, pariodic pattern, and since the distances be-

tween the atomic planes approximate the wavelengths of X-rays, crystals act as
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three-dimensional gratings in their ability to diffrect X-rays. The multi~
dimensional diffraction which crystals produce is analogous to the diffraction
of visible light by two dimensional gratings. Indeed, the younger [Bragg once

remarked that the principles of optical physics were prerequisite in the con-

31

ception of his law. Bragg's Law treats X-rays as if they arc reflected by

the atomic planes within a crystal. |In his own words:

"When a beam of monochromatic X-rays strikes a crystal,
wavelets scattered by the atoms in each sheet combine
to form a reflected wave. |If the path difference for
waves reflected by successive sheets is a whole number
of wavelengths, the wave trains will combine to pro-
duce a strong reflected beam.''(31)

Bragg's Law is the geometrical equation; mA= 2d sine® (1)

Figure 1. A. two dimensional diffraction. B. three dimensioal diffraction.

The perpendicular distance between reflecting planeé is dpg » and @ is
the glancing angle of the incident X-ray beam. The path difference of waves
reflected by the plhnes is 2d sine® . Hence, there is cnly one angle @ ,
when X andéhkﬂare fixed, for which the reflected waves will be in phase. At
any other angle there will be destructive interference and no reflection will
be observed. There are a large number of atoms and these atoms may be of
different types, consequently many dif%érent planes may be chosen, and for

each layer of planes a different incident angle © will be necessary to pro-

duce a reflection.



Sucressive plenas are assigned Miller indices, h, k, £, by which they are
designated. These indices do not provide any physical measurement of the
planas, but only define thzir orien tation in space. Several visualizations

of such planes are presented in Figure 2.

Figure 2. Atomic planes within a unit cell.

The intensity,lpkg » of a diffracted wave and its phase - its tjme of
arrival at the detecting device relative to other diffracted waves - is de-
termined by the arrangement of the atoms within the unit cell ( as opposed to
the angle of reflection being determined by the distance between atémic planes
of adjacent unit cells). The conétructive-destructive interferences which exist
within each set of diffracted waves also effects the observed intensities.
Theoretically, the solution to any crystal structure may be achieved from
angle, intensity and phase of the reflected beam. Unfortunately, it is im-
poésible to measure the phase of the diffracted radiation by any means. At
present, film and scintillation detectors are utilized in recording the_angle
and intensity information of the diffracted beam. These are ''square law'' de=
tectors and hence 'th’ which includes both the amplitude and phasé of the beam,
cannot be directly established. Nevertheless, we can obtain through these
detectors a-complex factor, Fpi g which can be related to the diffraction

. A 2 . . . -
intensity; ihkﬁcFﬁkQ . Fhkg is called the structure factor. The phase



of the reflection is lost when Fip is sauasred. Hence, beyond our determination,
any diffracted wave may be from 0°to 180%0ut of phase with any other. In X-ray
crystallography this uncertainty is known as the phase problem, and is the most
formidable obstacle in any structure determination.

In consideration of all that has been mentioned, there exist a function
which relates the obtainable data of diffraction with the electron density (f’)

at any atomic position x, y, z within the unit cell. [t is;

+ o

F(x,y,z):-\]ré%% [Fhk cxp(~2rr3(hx+ky+£z)}j (1)
The vet unexplained componea?z are V, which is the unit cell volume,
and i, which is sinmiy'Jfﬁn . The atomic positions of the crystallized molecules
under investigation may be attained thru function(ll) by the crystallographer,
aided by the employment of the equipment and methods described in the remainder

of this chapter.

D. Equipment And Methods

The Bragg X-ray spectrometer, used with an ionization chamber, was the first
device utilized to collect data on the intensity of X-ray reflections. The de-
velopment of X-ray photographic fiims soon replaced this method. In fact,
until the last decade, intensity data was collected almost entirely by film
methods.

These methods were never especially precise since the recorded intensities
usually had to be measured visually. Processing of the films, scaling the data
and camera maintensnce were tedious and tire consuming chores. The percentage
of accuracy which was lost through the equipment and human error rarecly allowed
reliable determination of thermal motion or precise bond lengths. Nevertheless,
the multitude and importance of the structures which were correctly determined

by these methods remains a tribute to the crystallographers working in the first



hal¥ of this century.
In the 1950s the development of automated diffraciometers led to what ons

32

""revolution in crystallography''. These diffractometers

author called a
mimiced the geometry of the traditional photographic data collection systems,
but otherwise had little in common. The angles at which reflections might be
found were calculated by modular computers. Anguiear settings were reached by
highly synchronous motors. Intensity collection was acccmplished using sensi=
tive scintillation counters, similiar to Geiger counters. Data recording was
on paper tapes, punched cards, or magnetic tapes which could be directly pro-
. cessed into a computer for further work in strucutre determination. The auto-
_ diffractometers have decreased human error and increas;d experimental accuracy
" and precision. Most significantly, they have contributed to the application of
crystallography in many fields which hitherto did not have the time or staff
to invest in crystallographic investigations.

A Syntex PT four-circle, computer-controlled automated diffractometer
( hereafter referred to as the PT ) with graphite-monochromatized Mo radiation
was used for preliminary experiments and for the collection of diffraction
intensities for the structure determinations to be discussed shortly.
Diffractometer computer input instruction is achieved in the Pl by teletype,
paper tape, or magnetic tape. Output data utilizes these same mediums. A
pulse height analyizer and a strip chart recorder are also modular components
of the Pl . The P1 modular computer is a Data General Corporation NOVA, which
has a 4096, 16-bit word, core storage, and in a typical structure investigation
executes the necessary programs for automated crystal set up and data collection.

The first of these programs is Centering & Auto-lndexing, which centers up to

fifteen reflections and determines indices for these, after being supplied

\
starting input from initial Polaroid film coordinates. A Least Squares Or-




ientation Matirix program determines unit cell parameters from indices and

26 deta and calculates angles from an orientation matrix and indices. The

Automatic Dota Collection program provides a fixed or variable scan mode of -

operation, records crystal X-ray exposurc time, Vist Miller indices in any
order desired, provides a mzans of limiting output data recorded, and prints
out the peaks, intensities, deviatiocns and angles of all observed reflections.
A descriptive picture of the PT and a sample of its printed output may be
found in Appendix A.

The mathods of processing the output data from the Pl rely on the acces=
sibility of high speed, high capacity digital computers. Fortunately, this
University has available an IBM360/65, which is capable of handling the volume
and complexity of the programs which are routinely used in most X-ray crystal-
lographic structure studies.

Because they have been essential to the solution ( or attempted solution)
of the structures with which this thesis is concerned, and because an explain-
ation of them concomittantly explains the method of solution, the computer
programs employed after data collection are here briefly described. Samples

of their outputs may be found in Appendix B.

LPCOR33 is a Fortran computer program designed to process the Pl output

tape. It selects significant reflections ( those which have an
intensity greater than three times there standard deviation) and
applies crystal absorption or decay correction curves to these
reflections if necessary. _LPCOR outputs punched IBM cards con-
taining significant reflection indices, the reflected intensities,

and deviations.

e

is a simple Fortran program which condenses the output from LFCOR

by placing three reflections on each IBM card.
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FMLSBS is a Fortran program which provides full-matrix least~squarcs re-~
finemént of suitable trial crystal structures. It refince atomic
positional and thermal parameters in an attempt to match the cal-
culated structure factors with those observed. FHLS also calcu-
lates the error index,R,(R=(S£i&;1fcl)/EEO ) which is indicative
of the fit between the structure factors calculated from the trial
structure, and the observed structure factors.

SFC~ALFF36 is a PL/1 program which performs Fourier summations. This program
produces an electron density map from significant dsta. This map
contains peaks which may correspond to unfound atomic positions.
These positions can then be added to future trial structures.

MGEOM37 is a Fortran program which calculates all intramolecular bonding

distances and angles from input postulated or known Cartesian
coordinate positions within the structural model.

ORTEP38 is a Fortran program which, when supplied the final three-coordinate

atomic positions within a unit cell, draws on a computer pl&tter, two

pictures of the molecule whose structure has been determined. These
pictures are drawn with a 6 difference in rotation. Viewed thru .
stereoglasses, these pictures appear as one three-dimensional mole=

cule, and allow the molecule to be ''seen'



[11. EXPERIHENTAL PREPARATIONS

A. Zeolite Synthesis

The original synithetic production of zcolites in the late 19501's was
an important breakthrough because it made available qguentities of zeolite
which were impructical or impossible to obtain from nature. However, these
synthatics were either amorphous or microcrystallineg, and this limited the
studies which could be carried out on them. Precise determination of atomic
positions by X-ray diffraction requires single crysta{s approximately lSOrm
or larger in diameter for optimum resuit539. Comercially synthesised cry-
stals range from 1 to 10pm and are thus unsuitable for this purposeho. In
1967 a method of preparing crystals of zeolite A, with a maximum diameter of

4} i)

100pym was published . By 1970 Charnell had prepared crystals approaching
lhOrm in diameter, and the crystals used in this research were consequently
prepared by his method, with a modification to include a second crystallization
using seed crystals from the first preparation. Thése crystals are grown from
a hydrothermal gel by reacting sodium metasilicate with sodium aluminate,
using triethanolamine as a stabilizing and buffering agent. The consistency
of the crystallization yield and quality varies with temperature, reagents,
and procedure used in the preparation. An available supply of adequate zeolite A
crystals permitted this work to proceed with the ion-exchange experiments and
sorption work.

The sources for all chemicals utilized may be found in Appendix . All
of the analysis' were performed at Galbraith Laboratories, in Knoxville,Ten-

nessee.



B. lon-Exchange

For the following exchanges, carried out at room temperaturce, a ten-fold

excess of the exchanging ion with respect to the ion to be exchanged was used.

Calcium

50m}. of O.1M calcium nitrate, Ca(NOB)Z’&HZO, was placed in a flask with
>0.5 grams of zeolite A. The sqlution was gently stirred and the zgoiite sam-
ple was microscopically observed, daily, for a week. The appearance of the
crystals remained unchanged during this period. On the seventh day the cry-
stals were filtered from solution, washed four times with distilled Hy0, and
allowed to dry. An analysis indicated that the sample contained 3.60% calcium

++

by weight. This corresponds to 2.0l Ca per unit cell, substantially less

than would be expected in a complete exchange.

Zinc

100mi. of 0.1M zinc nitrate, Zn(NO3)2'XH20, was placed in a flask with
1.0 gram of zecolite A. The solution was stirred and the zeolite sample was
examined, by microscope, daily for a week. On the third day the crystals,
which were initially very clear, had become somewhat cloudy. No further change
was noted and, on the seventh day, they were filtered from solution, washed
four times with distilled Hy0, and allowed to dry. An analysis indicated that
the sample contained 14.67% zinc by weight. This corresponds to 5.23 Zn++per

unit cell, almost a total exchange. Subsequent crystallographic study“3 of

these crystals confirmed this analysis.

Manganese

Preliminary experiments using Linde Zeolite A powder and Mn(CIOQ)zchH?O in-
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dicated, by a fast cclor change( in two hours) of the white powder to dullish
pink-brown, that an attempted Mn exchange might be feasible. Accordingly, 50ml.
of O.1M Mn(C!GM)Z'kHZO was placed in a flask with 0.5 grams of zeolite A. With-
in two hours the crystals appeared pink to the unaided eye but, with the excep-
tion of their slight dullness, appeared no different than untreated zeolite A
crystals under the microscope. On the second day of exchange the sample appeared
brown, but under the microscope they looked redish-pink. Ho further changes
were noted during the exchange period. On the seventh day the crystals were
filtered from solution, washed four times with distilled H20, and allowed to
dry. An analysis indicated that the sample contained 10.63) Mn by weight. This
corresponds to 4.41 Mn*+ per unit cell.

A second Mn exchange was performed.. It was carried out exactly as the first,
except that the crystals were not harvested for five months. There was rno change
in crystal appearance after the third day. The solution was stirred daily for

the first week, and weekly for the duration of the exchange. At the end of

five months the crystals were filtered from solution, washed four times with
distilled Hy0, and allowed to dry. An analysis indicated 10.97% VFn by weight.
This corresponds to 4.53 Mt per unit_tel}, an increase of only 0.12 Mn++ after
the much longer exchange. Subsequent crystallographic study confirmed this
analysis. The structure determination of several compliexes of crystals from

7
this batch has been completed hh’QS’QO.

Cobalt

50ml. of 0.05M cobalt nitrate, CO(NO3)2’XH20,,was placed in a flask with
0.6 grams of zeolite A. The solution was gently stirred and zeolite samples
were observed daily by mfcroscope, for a week. The crystals appeared pink by
the end of a week. They were allowed to exchangs for a month, at the end of

which they were filtered from solution, washed four times with distilled H,0,
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and allowed to dry. it is interesting that this zeolite sample, which con~

tained larger crystals then had previously been used in cobalt exchange', re-
tained a pink color, as opposed to the other cobalt zeolite complexes, which
have been brown. Crvstallographic studies presently being carried out on these

I'Q, ."'\
crystals indicate 4.0 Cott per unit cell of zeolite’c’ﬁg.

lron

50mt. of 0.5M ferous sulfate, FeSOq'7H20, was placed in a flask with 0.5
grams of zeolite A. After one day the zeolite and solution became a rust rust
color. The zeolite appzared to be destroyed. Because no measure of success

. . . ++ 50 .
had previously been attained in Fe exchange” , this exchange was not pursued,

so that more productive work could be continued.

Gold

100ml. of 0.002M gold cloride, AuCiB'HCl'BHZO, was pleced in a tlask with
0.5 grams of zeolite A. The solution was freshened every day for three days.
Although most crystals initially became pale yellow, some turned purplé, and
the gold soultion became purple, by the end of a week. This color, cailed

51 is indicative of finely divicded gold, suggesting that other

Purple of Cassius
processes were taking place besides ionic exchange. At the time of this writing,
gold exchange is still being investigated. It has been observed that although

aggregates of the crystals appear purple, single crystals in solution are yellow-

gold.

Previous work hes investigated the exchange of other ionic species into

C
the zeolitesz”3.

This work has shown that some cations destroy the zeolite
framework, making the exchange worthless. To remedy this, a solution flow
apparatus using low cation solution concentrations was employed ( sce figure 4 ).

The flow of sclution passing through the zeolite, contained in a 25ml. sintered
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filter, could be controllied by a stopcock. A fresh solution could be contin=
ually in contact with the zeolite sample, preventing the exchanged fons from
remaining in solution and hindering equilibrium. Experimentation using pro=
gressively lower concentrations of solutions proved to be helpful in preserving
the zeolite structure ( by visual inspection).

The following exchanges were performed using this technique.

Four liters of 0.001 cupric nitrate, Cu(N03)2'3H20, were allowed to flow
through the filter containing 0.5 grams of zeolite A. The zeolite was then re-
moved from the epparatus, washed four times with distilled H,0, and allowed to
Cdry. An'analysis indicated 5.52% Cu by weight. This corresponds to approximate~
ly 2 Cu++ per unit cell. This is far from the maximum possible exchange, and
work is currently in progress to achieve a more complete exchange. it.is sig~

nificant, however, that the zeolite sample was in no way destroyed.

Silver

Five liters of 0.005M silver nitrate, AgNO3, were allowed to flow through
the filter containing 0.5 grams of zeolite A. The zeolite was then removed from
the4apparatus, washed four times with distilled Hy0, and allowed to dry. The
crystals were dark, and after exposure to room temperature, atmosphere and
the distilled Hp0, the crystals became black. 1t is possible that this was
the result of some photochemical effect. No analysis was obtained, and there
is presently more work with lower concentrations of silver nitrate solution

being completed.

Chromium
Four liters of 0.005H chromic nitrate, Cr(N03)3'9H20, were allowed to
flow through the filter containing 0.5 grams of zeolite A. The zeolite sample

was then removed from the apparatus, washed four times with distilled Hzo, and




allowed to dry. The crystals eppeared to be destroyad. They werae green-blue
in color. Work at lower concentrations is beiny continucd.
C.Sorption
1) elemantal
Elemental sorption experiments were carried cut using selenium and telur-

ium. These elements were chosen because they are not only of somez biological

54

importance” ', but as semimetallic elements, are known to exhibit a range of un-

usual electrical properties. Selenium is photovoltaic and photoconductive.
it is used in photo cells, exposure meters, solar cells and rectifiers. Tel=-

lurium possesses many of the same properties of selenium. These elements have

found use in many electronic and solid state applications, including xerography.

1

Previous work has been undertaken with tellurium loaded zeolites””’ , but this
study did not embloy zeolite A. The sorption of sulfur into zeolite A and the
crystallographic study of the complex has also been completeé56¢ secause sel-
enium and tellurium are also Group VI elements, it could be expected that there
zeolite A complexes might offer interesting comparisons and perhaps similiarly

unique characteristics.

Selenium

The adsorption of selenium onto zeolite A, calcium exchanged zeolite A ( re-
ferred to as zeolite 5A )}, and cobuit exchanged zeolite A ( referred to as that),
was performed simultaneously. Approximately 50 mg. of the pafticuiar zeolite
sample was placed in a glass tube, 12 mm in diameter. A calculated emount of

selenium powder, cprresponding to 24 atoms per unit cell of zeolite, was placed

in the glass tubes. The individual tubes were marked for high- temperature ident-

ification. The tubes centaining the samples were then attached to a vacuum sys-

tem ecuipped with a Mercury diffusion pump, and a low-temperature gas trap. A



small oven wasz then fltted ovar the sawples. Figure 5 illast
dration. Unfortunate
measure the vacuum precisely.  After the system's iol vacuum pump was oparcting for
six hours, the Mercury pump was turncd on. From the start, the oven temperature
was allowed to graduslly increase over a twentyfour hour period, until BSOb\ﬂas
reached. The semples were kept at this temperature, with not more than a 15°
veriation, for another twentyfour hours. |t was hoped that this procedure would
permit dehydration of the zeolite and sorption of the selenium.

It was noted prior to the end of the final twentyfour hour period, that the

insides of the tubes above th

[

top of the oven, had accumulated gray and orangse
deposits. These colors are characteristic of selenium in the amorphous state, in-
dicating that, as expccted, the selenium vaporized at the oven temperature and sol-
idified upon cooling és it veporized past the oven.

When the vacuum system was shut down and the oven taken off, it was observed
that the system's low temperature gas trap was slightly glazed with shiny balck
and silvery red deposits. This indicated that more selenium, in the gasous state,
had left the sample tubes in addition to that previously noted. At this time the
possibility that enough selenium was lost so as not £¢ achieve maximum sorption,
was contemplated. The samples were sealed off from the vacuum line using a natural-
gas~oxygen torch. The vacuum was not lost.

The following observations were made of the samples in the sealed off vials.
selenium-~zeolite A sample;

appeared to the unaided eye, to be white in cclor, and under the microscepe

looked to bs empty zeolite A.
selenium-zeolite 5A;

to the eye was dark yellow, and under the mic%@Scope the crystals looked

candy yellow. They maintained their crystallinity and did not in any way

seem adversely affaected by the sorption procedure.
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selenium=- cobalt exchanged zeolite A4;

looked dark blue-black to the upaidec eye. Under ,the microscope the

crystals looked like charcoal with smatl blue pepples thrown about. The
The viel contairing this sample was accidently diropped, and it's invest-

igation was at this point terminated. From the information recorded, it

is postulated that the cobalt exchanged crystals were destroyed.

After these observations were made the sample vials of selenium zeolite A
and selenium zeolite 5A were placed in aumuffle furnance. The temperature was
again increased to 350&over a twentyfour hour period. After two additional days
at this temperature, the vials were removed and the following observations were
made.
selenium - zeolite A sample;

initially tan upon removal from the oven, becoming light yzllow after a

few minutes upon cooling.
selenium - zeolite 5A;

initially iron red upon removal from the oven, becoming dark orange

upon cooling.

The color changes of both samples suggested that more selenium entered
the zeolite than had undar the previous conditions. The color change thus
suggested that more selenium could be sorpted.

The selenium-zeolite A vial contained a surplus of selenium; But little
selenium remained in the selenium-zeolite 5A vial. Accordingly, the later
was broken open, and the contents plus 70 mg. of additional selenium were
placed in a new, modified glass tube ( figure 6)' The modification consisted
of an expansion in the upper portion of the tubelto allow a condensation of
selenium vapor. Prior to seal off, the deposits in this area could be moved

back into the vial by heat treatment vith the torch. This sample was then
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the contents were now dark yellow-orange.

Both the selenium-zeolite A and the selenium-zeolite 5A vials were now placed
in the muffle furnance for seven days at 3508. The variac usad to control oven
temperature misfunctioned during one twelve hour period, and the temperature rose
to 6008, The samples did not appear adversely affected by this ( zeolite A is
stable to 756%).

After this final interval in the furnance, the fo% lowing observations were
made.
selenium=zeolite A sample;

red=brown out of the furnance, changing to yellow=orangs upon cooling.

Some selenium remains in the vial. There is no further color change when

1%

vial is broken open.

selenium=-zeolite 5A sample;
red-orange out of the oven, changing to briiiiqnt orange upon cooling.
Some selenium remains in the vial. There is no further color change when
the vial is broken opeﬁ. An analysis indicated 8.84 selenium atoms per
unit cell of the zeolite. <Crystallographic investigation of this sample

is discissed in the next chapter.

Tellurium
The adsorption of tellurium onto zeolite A, zeolite 5A, and cobalt exchangad
zeolite A, was performed simultaneously. Approximately 50 mg. of the particular

zeolite sample was placed in individual glass tubes, 12 mm in diameter. A cal-

culated amount of tellurium powder, corresponding to twentyfour atoms per unit

cell of zeolite, was also placed in each tube. The tubes were marked for ident-
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ification o: before. They were also moditiced for gas condensation, and then
attached to the vacuum system already described., Within six hours the vacuun
was complete, and the temporature of the oven fitted over the semples was grod-

ually increased to 3508, over a twentyfour hour period. The temperature remainced

at 3500, with not more than a lOovariatécn, for another full day. At that time

the samples were sealed off from the vacuwi line. The vacuum was not lost.
The following observations were recorded.

tellurium-zeclite A sample; no change in cclor or zppearance

tellurium=-zeolite 5A sample; no chenge in color or appearence

tellurium=-cobalt exchanged zeolite A; sample appears black and destroyad

.
The via}s were then placed in the muifle furnance, and the temperature was
gradually brought to 550°Cand left at this temperature for a week. At the end of
the week the samples were removed, and the vials were broken open. The following
observation were recorded.
tellurium-zeolite A sample;
this sample contains some silvery tellurium deposits, but there is a lot of
white material which locks like melted mothballs. There are no single cry-
stals. Apparently, the zeolite was destroyed.
tellurium-zeolite 5A sample;
this sample afso contains some silvery tellurium,some crystals are brown,
some are black. It cannot be determined in the zeolitic structure has
been destroyed.
tellurium-cobalt exchanged zeolite A sample;
there exist many single crystals in this sample, but they are all black.

s been initiated,

o

o i 3 i " é i sty SEC iy S f

No andiytlcal or crystallographlc afwdy of thece S“mpleq n

due to the low teliurium occupancies anticipated; this problem promised to be more
p f p f

bothersome for these samples than it was in the similiarly prepared selenium cry- .
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sorption. Some work had elready shown that hydrocarbon~zéolit
could be successfully prepared and crystaliographically studied’ /s . Be-
cause this would be a gasous sorption, a single crystal of the prepared complex,
75pm on an edge, was salected and placed carefully in a smalI,XODFﬁ, giass
capillary. The capillary was then sealed onto a vacuum system equipped with a
zeolite buffer system to insure that the acetylene vapor exposed to the cry-
stal would be entirely dry. The system was also equipped with a McLeod gusge,
so that the vacuum could be measures accurately. |In order to dehydrate the
crystal, an oven was fitted over the capillary and the temperature elevated to

6

BSdtat & pressure of approximately 1x10°

o

torr for fourtycight hours. The cry-
stal was then exposed to 650 torr of 95.6% pure acetylene for twentyfour hours.

Amaro's work with unexchanged zeolite A, indicated that this would be sifficient

=

to introduce about six molecules of acetylene into each unit cell of the crystal.
After reaching ecquilibrium the crystal in the capillary was carefully sealed

of f the vacuum system. A diagram of the vacuum system sot up is presented in
figure 7.

It is known that zinc exchanged zeolites are very hydrophilic. This was
firmly established for zeolite A after this gythor €ompleted the crystaliographic
study of the zinc complex presented here. Although no acetylene entered the
zeolite, this work did permit recognition of the hydrephilic nature of the com-
plex, and further was able to vield a valid structure determination of the hy--

drated zinc-zeolite complex.
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jVo o EXPERIVZRTAL CRYSTALLOGRAPHIC MITHODS

USED TN THE STRUCTURE DETERMIRA

The ion-exchange and complexation of Seplasllag(h) <XH0, referred to in
the furture as (1), and Znglap(A)-29Ho0, referred to in the future.as (11),
has been dzscribed in chapter VI.

A single crystal of (i), 75p on an edge, was placed on a glass needle. This
and the capillary containing the single crystal of (1) were each mounted on a
Stoe goniometer head of @ type designed to make adjustments in the x, y, and
z directions. For each data set, a Syntex four-circle computer-controlled dif-
fractometer with graphite~monochromatized Mo &ﬁ.radiation.was used thréughout
for preliminary experiments and for the collection of diffraction intensities.
The data sets were collected at approximately the same temperature (20°C) and
humidity. The temperature range during any one data collection never varied
more than 0.5°‘

Both structures have been refined in the same space group Pm3m rather than
Fm3c, because of the suspected absence of long range order in the silicon and
aluminum positions. Due to the possible excess of silicon to aluminum, as in-
dicated by elemental analysis, an occasional silicon-oxygen=silicon bond is

.

probably present in some unit cells which strictly prohibits refinement in Fr3c.

.

. . 58 . . .
A check of Gramlich and Meier's”” most intense 'b" reflections ( which could be

present in the Fn3c space group) were found to be absent in materials from the

59,60, 61 . . \ , . 8
59,60, as those used in this work. Gramlich and MHeier”®

same crystallizations
have shown that, even when appropriate, framework deviations are small. Care=

fore, in structure refinement, nc distinction was mzde between silicon &0 a-

luminum atoms; they werc refined at one equipoint and were considered as one
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Tuninum atoms; tney were rafined at one cguipoint and were considered as ono
type of atom.

. . . . . —

Mo reciprocal lattice points ware exauined shove the 2@ vaolue of 70 be-
cause previous data sets have indicated very few reflections of significant

intensity in this range. For each dat
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ue wWasz em-
ployed at a constant scan rate of 0.5°%/ minute (in_268). The scan range was
varied between 2.0°at 2 26 =3° to 2.5% at 26 = 70°. A time equal to half the
scan time was spent counting background at each end of the scan range.

Standard deviations on the net counts sampled at each point in recipro-

cal space were assigned according to the formula:

\
e (1) =[cT + 0.25 (tc/tp)? (By+3,) + (RI)ZJ /2
where CT is the total integrated count obtained in time t¢, By and By are the
background counts each obtained in time ty, and I= CT -0.5(t /ty) (By +.8,).

To account for instrument instability, a value of 0.02 was assigned to the em~
.pericai parameter p. The intensity and standard deviation for each reflection
was corrected for Lorentz and polarization effects. A reflecticn was determingad
tc be significant, and therefore included in least-squares structure refinements,
if its Intensity exceeded three times its standard deviation.

Each structure was refined by a combination of full=-matrix least-squares
methods and three~dimensional electron density Fourier maps using pheses deter-
mined in the previous least-squares refinement.

The two error functions used as criteria for suitable least-squares re-
finement are Ry = (& LEO -[ch[)/ggo and the generalized weighted index,

2 1/2 .

(Ssi( ‘Ec‘) /pwfo . In genzsral, a lower set of error functions
indicates the possibility of suitable refinemant of the atomic positions in ques-
tion. However, other factors are considered - the equipoint in question must also
refine to physically reasonable positional and thermal parameters. Bocawse &

thermal parameter is sensitive to- the occupancy of the equipoint, the occupancy

can be largely determined by requiring that the corresponding thermal parameter



can be largely determined by requiring that the corresponding thermal parancter

e . N2 12
be reasonable. Another indicetor is the goodness~of=fit, (B (F -r )"/ (m-s)) ,

” o

where_fo and_EC have the previocusly defined valuss, m is the number of obser-

vations, and g is the tntal number of individually verying parameters. The

o

goodness=~of=fit indicates the suitability of the weighting scheme; its ideal

value at the conclusion of structure determination is 1.0.

Possible atomic positions are obtained from psaks on Fourier electron
density maps in which the contributions of the framework and of some cations
have been subtracted out, and Fourier electron density maps in which all atoms
in the structure are displayed. For such small data sets as are commonly ob-
tained for these zeolite structures ( less than 250 observations), occasional
erroneous peaks can be ekpected. Because the atoms we wish to locate usually

have only moderate scattering factors, generally have higher thermsl parameters,

suffer from the effects of disorder, and have small occupency paramcters, their f
peaks on the Fourier maps are not expected to be large. Therefore, it is crucial " .
that acceptable refinement, when and if it occurs, successfully describe previous=

ly unlocated atoms. Such refinement has proved successfuP? . Al peaks above

the 3¢~ level were tested in least-squares.

ot

The form factor tables needed for Si +

, a5 07t zett se, ce™, and

.
Na© were taken directly from the Intcrnatioral Tables for X-Ray Crystal!ographyO]
or interpolated where necessary. The charges assigned to the icns were generally

taken to be half of their formal charges, to account for partial covalent bond-

. +4 62 . - . .
ing. The Zn =~ form factor was correctea 2 ror the effects of anomalcus dispersion.
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A. Structure Refinsment

The output of the LPCOR computer program indicated that of 876 reflections,
99 were significant.

initial full=matrix least=squares refinemznt haced upon the refined frame-
-

eolite »7 converged, in six cycles, to

~

work poesitions of the sulfur complex of
an R] index of 0.211 and a~ Ry index of 0.175. A sodium ion pusition at .15,.15,
.15, was allowed to refine anistropically in these refinements. { The tables at
the end of this sectibn give the coordinates of all models discussed.)

An initial Fourier electron density map based upon the refined positions

' 1 . . . -, 93 .

produced 10 peaks in the intensity rangs to e /A7: the estimated standard
deviation of the electron density was e-/£3. The strongest peaks found from
the mep, at .22, .22, .22, and .23, .5, .5, were included with the pro%iousiy re-
fined positions in four cycies of refinement as four sodium and four selenium
atoms respectively. Although these new positions refined relatively well, the
anisotropic sodium thermal parameter refinad to physically unrealistic values,
and Ry rose to 0.25, and Ry rose to 0.23.

The anisotropic sodium position was removed. A calcium position at 0.0,

34, .34, aﬁd a second selenium position at .25, .25, .5, were added. After

four cycles these positions converged to an R) of 0.198 and an Ry of 0.18. The
isotropic thermal parameters for calcium and Se(2) rose, from 3.0 to 30.4 and
34.2 respectively. Se(2),( here on called Se(!) ) was allowed to refine off the
three-fold axis for four cycles, but its thermal paramcter went dowa only stight-

ly (26.4) and Ry and Ry both increased, to 0.21 and 0.19 respectively.



Four more cycles of least-squarecs were run, with only the framework and
11

he stable calcium and selenium posit

w-!
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map . hese  npositions remained sta

selenium position { occupancy of four) at .32, .32, .32, but its thermal para-
meter diverged upwards. Hence a second Fourier three-dimensional electron den-
sity map was produced based on only the framework and the stable calcium and
selenium positions. The map contained 14 peaks in the intensity range from
to e /A3 ;  the estimated staendard deviation of the electron density was
e_/23‘ The peaks from this and the initial map are listed in Teble 1.
Analysis of this mzp guided the input of four selenium atoms at .34, .34,
1.34, and four sodium ions at .24, .5, .5. Four cycles Bf least-squares converged

M
{
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n

to an Ry of 0.24 and an Ry of 0.21. Thermal parameters remained stab
for that of 0(2), which rose from 3.3 te 14.25, and the added selenium, which
rose to 44.0 . In an attempt to remedy this high thermal paremeter, Se(2) was
taken off the three~fold axis for further refinemant. This, howeverm caused only
a slight decrecase in the Se(2) thermal parameter, and increased the Se(l} thermal
parameter to 25.2. Rl and R, were now at 0.193 and 0.184 respectively.

Se(2) was then placed back on the three~fold axis, in a slightly different
position, but agin did not refine well.

At this point the calcium position was allowed to refine anisotropically.
The thermal parameters for both selenium positions rose to about 30.0, and Ry
and Ry decreased slightly to 0.19 and 0.16 respectively. After one more cycle
of refinement, however, the sclenium thermal parameters rcse to about 40.0. Ry
and Ry rose significantly.

Two more positions found from the second Fourier map were assigned as
Ho0 positions, although they had initially thought to have bezen background

noise. After four cycles, their thermal parameters became negative. They ware
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gh, they were

remained hic

allowed to refins anisotropically. Four cycles of refinmnent produced no change
in either error index.

.

Various other positions found from the second Fourier map failed, when

included in least-squares refincemants, to lower Ry or Rz.

Other trial structures were postulated and refinement attesmpted, but again

no success was achieved in lowering the error indices.
3

All interpeak cistances were calculated, in the hope that enlightening

beond lengths might be observed. These distances are recorded in Table 2.

B. Discussion

Most of tha models used in the attempted solution of this structure as-
summed that there might be a Seg ring in the large cavity of the zeolite. This
7
/

. 5
was not unreasonably expected since Seff~

found two Sg rings in his sulfur com-
piex. Selenium has a greater atomic radius than sulfur, and thus two Seg rings
could not possibly fit into the large central cav}ty. Aralysis had also in-
dicated approximately eight selenium atoms per unit cell.

The location and the stability of the two H,0 positions indicated that the
zeolite was not hydrophobic, as was Scff's complex. The occupancics of the
selenium positions correspond well to & total of eight atoms, yet no arrange
ment of the two positions would significantly lower the error indices or the
selenium thermal parameters. The calcium and sodium positions were found and
renained stable throughout subsequent refinement.

As became obvious in the structure refinzcment section, all attenpts at lo-

ating stable selenium positions which would yield lov error indices or thermal

parameters successively Tailed. For this recason, after over 30 cycles of leasi-



squaraes analysts, it wos degided thar
ordercd. Disorder could in no wey be

water position

was cryst

spparent at the onset of th

b3

1

S

tabliished, howsver, a review of the TFourier maps

illustrate the electron dens

allogrophically

thru yg
avity. It is believed that selenium and

z varied in alternating unit cells, giving rise to the disorder.



Table 1. Peak positions from the saienium complex Fourier maps
Feak Coordirsates
X Y Z

SiAl 0.0 0.120¢ 0.3700
o(1) 0.0 0.2250 0.5000
0(2) 0.0 0.2900 0.2900
0(3) 0.1000 0.1000 0.3200
Na - 0.2200 0.2200 0.2200
Se(1) 0.2500 0.2500 0.5000
Org 0.0 0.0 . 0.0
X(1) 0.0 0.2600 0.2600
x(2) 0.0 0.4000 0.2600
x(3) 0.0 0.5000 0.4000
X (&) 0.0300 0.5000 0.0300
x(5) 0.1000 0.3000 0.3000
X(6) 0.1300 0.1000 0.1000
X(7) 0.1600 0.4000 0.5000
X(8) 0.2500 0.5000 0.5000
X(9) 0.3000 0.1300 0.3000
X(10) 0.3300 0.3300 0.3300
X(11) ' 0.3300 0.1300 0.3300
X(12) 0.4000 0.5000 0.1600
x(13) 0.4000 0.5000 0.0
X(14) 0.5000 0.4000 0.1700
X(15) 0.5000 0.2300 0.5000

X (16) 0.5000 0.5000 0.5000



r ALL DISTANCES ARE IN A
! N = A N G P e I~ = e SR~ RN s o
;Jﬁ&ﬁ&%égiiéiﬁiiiiiiﬁiiii
N it _.fw‘ Dy ltiesan am2ersss o 1zn 2w el
oa). lwi w245 ; ;z‘qvfn.wiz.ihqzzw . { 5106 _E",‘Z;:,,?"?,",iz"‘* B T
0.1 b@'z-w‘ Caes2ds | osow0,2d0) b3y e :"'74‘,‘..,,. w0l | v
00 18 295 205, 2] | lowe 28] 2t 2 23 BT T TS T B
‘..N.Q«__,.L? %3},_._4.,;» 245:2.4 3%: el ‘2"1”" z'”" ; 177 2,33, "”i S O N
‘*Se(j)i 1308 gswj 346302 | B30 i . 3.iz ‘ _{}j&_‘_@_:_Ob’l‘lZ 2,50 z,73‘s,4sf ‘2‘0‘?5"’{“’7; o
Xm) l.uo 237 osz R IE Ty (R A a0, | |20 7 ?Ooi_3¥0' G
X(Z) 301 t.:sou.qo 2sl| }»'3‘30%_ | ?.qcfz.oc;f 32_554{(3““ 207 z,m' - Ezqffz_.% | ? )
S S TIE e S R R P YT 1 R T ) it e 2l 2t 307

S X(4) 245 wr’ 2e2y | e | ‘ | L _l__v I
X(s) 2. oqu'qu o 2 .ozfz.lz o 46186 249 346 3z z.w _____ f'srfzfg.xrb!.uy}z-,?} ‘z.wimb | » )

u) 333 32312 7232.35! ‘z.xizlw is.qg aai ' 3,%? L ! 1 ;

)Lm, v__ 52'4& ? 2,68 2l 253 lﬂé’jﬁe‘f 274,350%&(?,;__,_"‘,' ‘?b'w'wq* | t'
,Xﬁ); i ) %Swu e ]2Jo£ | ‘% i %3FZ§£Q%C?:3J0 M.Zf’3%
X2, 33? 306 0 1249 177 242) 1R 12,071 3006 | 3,2 {3.23:2.7b! _»rz’ql' ez 3072780
)((w)l R D 2710 % N A N S 273 ’3x0‘°§.'l_0__f£2‘ - g%:?é’ﬁleb__., _.,,?.f,‘,ﬂf_i?*%;__-
X2 vx'2 @ |2 s4|2.20' 293 laoo zoojzabl g T o2 245 3146 2:28 (2,10 230

X(l&)' zf/o! AL 28820l 2830 1O /M?Z-W’?s‘ob L m_;‘m?;

13)3 BTZ wrz.% L o 2aklin T3, 244 J‘?b|530l3.l7 | hab 2'_70E  de7]

;Xw)‘ IR C/2N N N £ N IO 25 4 B 247 _h74‘157 2% _Im# L 93|
T 2 B B O P O O g T R R
Q( M) I N SR AR P B } '.,-_,Wé,s{e gl |3
: i

Table 2. Interpeak distances in the selenium compiex Fourier map
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- Table 3. Initial refiﬁemént,of the framework and one sodium position.
SU¥ FLBS = 555S5 813, - SUM /DEL [/ =_. 11734518, R =0,21107, NUs UF REFLe IN LoSe = _ 99
THE CENCRALIZEC wEIGHTED R INCEX (RZ) = 0.1748S

NORFALTZEC SUM UF SGUAKES CF RESICUALS = 12503624

Nen SCALE FACTUR FUR FCES._ = 2,9146%,  THIS IS (GLD SCALE FACTUR) TIMES G/4G + OELTA G)a
\
ATON NEW X NEW Y NEw - Niw ELL GR 8 NEW B22 NEW B33 Gw 32
Lo CelZ2350 Gl E2330  Col52330 ___ C,U85348 _ uU,035348 ___ 0,065348 0, 177730
2 Cal Gal&a551 Co3746CC Lo 4ST3 00434485 STAL ' o R
3 C.C Chrz2580€ Co5CC00 . 1eG55¢ 05623535 o(L) S NEw o L3
4 CaC . Cozdustzl. . Cr2tt621l o 4e2838 0 0,214940 Ot2) 0. 177730 _
5 ColC2LCS ColiBLCS 06336510 2o 6264 D,446683 0(3) S

Table L. RexlnemCﬂt w:th a so]anlum posstlon and another sodium pOSItIOn both rom Lﬂe initial Fouraer map,

SU4 FUBRS = 233,393, SUM /05l F/ = 15683,5503 R = 22502, ii0s OF FEFL. IN LoSe = G,

0222529

THE SENERALIZED WSIGHTID R INDEA (R2)

th

MOEMALIZEN SUM 0F SQUARES OF RESTLUALS = 251,559, -

T4,42779,  THIS 1S (0L SCALE FACTOE) TIHES G/ (:

i

W

Ea SCALE FACTOR FOR FOBS T ODELTA Gl

Bl2

ATUOM | ONTW X NEW Y wr Z NEW Bzz_n? B MFW B22 - NEW B33 NFuW
1 ~0 s 223361 - 5323541 0373861 S h2 1276 1L,4218.6 Tt
2 Cof e 185094 \0372166 1,~;01 Yo 500 STAL
3o Kl e 23T TG SNHGRGG L 25,2323 D2stonc a1y kEw 312
4 €L 5 285356 "5 295356 ba 7731 T 250 M 0(2) Ce
5 ColnErSe £o 108590 ( 4123658 265319 26 50NNN0 0(3)
5 Do 220 (¢ M Lo 22 W MY 220000 4eRUnT 7, 133333 NA
7 623502 S o BT RINLTer 19,8510 6333333 -



Table 5. Refinement with the anisotropic sodium deleted, and a calcium and selenium position added,

AT

NCRVALTZEC SUM CGF SGUARES CF RESICUALS =

UM FOBS =

1 5905,5C0, SULNM /DEL F/ =

 TRG CENERALIZED WEICGKTED R INLCEX (R2) =

NEW SCALE FACTOR FOR FQBS =

LM

o~

heh X

CsC
CsC

2 CeC

C.C

Cr1C275S0
CoadG4EQ
CoclS213
Ca25€S67

NEw Y

Co324554%

Co1843CS
0,223852
C.253891
Col0275C

Coz294:C
Ce50600QCC

€a258561

0.345545

 U.5C0000

1170615,
0,47944

14856¢55

4,1504%4.  THIS IS (OLD SCALE FACTOR)

NEW
30,4C20
L. 3C35

NEW ¢

Co374115
0,5C0000

00253851 504CC3
0.2291L77 3,0354%
Go225450 10,2595

0,50000G0 602165

Table 6. Refinement with Se(l) off of the three-fold axis,

N

The GENERALIZED WEIGHTED R INCEX (R2) =
NORFALIZEC .SUM CF SCUARES CF RESICUALS =
" NEW SCALE FACTCR FOR FUBS = 4,365254

ATC

Ui

Ci

SN -

M ~N W,

08S =

e

NN~ OO
AN = A5 ;

N

NeoNeoRaN e
¢ 9

~

=

O oo
© 9 3 v 2
-~ N\ L
U N
[SVAR @ RRUS I )

Ny g N

)
<
[ge]

6169,438, SUM JUEL.F/ =

CNEW Y

Us 335852

0,1334G2
0,22417C
C.3C0C34
Ce1C322C
Caz222732

C>423321

0.,25€283

Ns1925C

183708%1e

NEW Z  NEw ELL GR-8
06335855 3742859
0.373799 1,€853
0,500000 3,1717
C>300034 6+2475

251543
/f-) 1859
PR IIEE
e 3703

0,330661
7222733
0,5C0000
0,5C00080 -

R =0,15822,

t1l OR 8 MEW

305794

34,1680

128l.717&,

522
D,Uu3333
Cs500000
06250C00

J.25CC00

2,53€200
U.083333
05083333
0,083233

0770,

R =04,

h
\J

r

0,032333
C»502000
0,25GC30
$,250000
3,50CC00
0,083333
0,083333
0,083333

oA

HEW 822

SE 1

" NUa CF REFLs IN LoSe =

TIMES G/(G + CELTA 61

NEW 233
STAL
0(L)
i
01(3)
MA
SE L o
SE 2

CNO> GF REFL. IN LoSe =

_NEW 833
NA 3
STAL
G{1}
Gioy
U{3)
CA

SE 2

TOTHIS 1S{OUD SCALE FACTORY TINES 6/(G ¥ OELTA Gis

99



Table 7.
Sub FO8S =

Tr

NCENMALTIZED
Mith SCALE FACTOR FUR FOBS

HTCM

cwm oS W

c

1
2

CENERALTIZED

SUM

Refinement
6238,228, SULM /DEL F/ =

CF SQUARES

of only the framework and

WELGFTED R

NEw Y
C-133588

0,221526
C»2534135

G, 1024575

Cs222625

No.260062

INCEX {(R2)
CF

4,9068¢4%,

i

KESTOUALS

NEW £
0.,372102

0,50003C0

0s294135
00328876

0.5C0000

06222629

the stable calcium and selenium positions,
R =0:22366,

13955285,

0,20004

206,541,

NUs OF REFLs IN LoSe = 99

THIS S (LD SCALE FACTUR) TIMES G/(C + DELTA Gl

NE A
11,0633

451432
2+ 5965

540654

Lio 2267

ElLl OR

3,239

B NEw 822 NEW B33
0,53000 STAL

06250000 gl
0.,250000 Ui2)

00 50U0CA0

0,UB83333

0,053333

003)
D
Sk 2

Refinement showing the high thermal parameter of an additicnal selenium position,

SUM FOBS = ©638.133, SLM /DEL F/ = 1366,112, R =2.21219, NO» OF REFL, IN LaS, = 99
THE CENERALIZED WEIGRTED & INLEX {R2) = 0,1973C
NURFALTZEC SUM CF SQUARES CF RESIDUALS % 24i3.¢¢s,
Sa SCALE FACTCR FOR FGRS = 4,53417»  TnIS IS (OLD scALg”Fﬁcrua),}xMEs G/(G + DELTA Gl
ATCHM NeWw X NEW Y MEW Z NEW BLL OR U WEw B2 MNEW B33
L 0.0 Cola32972 06372283 0,$849  0,500000  SIAL
2 €0 2225526 0,5000C0 35,0218 0,250000 a{1) )
3 \JOC CQ;(’)JQEZ 002(33432 0 5205 ‘):25")000 O((,)
4 Col064762 CalChT87 Co328446 257952  0,520000 Ul3)
5 Lo2l7263 Cor173¢2 Cr217363 446257 J,083333 ¢caA T
o CorSE353 CorSE353 CHr5C0NG0 B, 1556 02083333 SE 2
I C5125257 0,329257 05329297 680 4014

0:063333

St 3



CYFE GENERALLIZLD

CNORMALTZEC SUM OF SQUARES

,\‘ E_‘ l'i

AtcH

X N O AR DN

SCalLt FACTUOR

NEW X

CoC
C.C
C»C
€,C58682
Coelil6
(.2€15CS
C 2641130
CoztGl78

WEICHTED R

FCR

rOES

NEW Y
C,18272¢

INCEX (R2)

CF

0o 221158

U,28354¢€
OoC‘Bb‘382
CsellilE
0,2€1G60S
Co34113C

C,5C0CCC

RESICUALS

by 8124[‘1’0

NEW 2
C.374149

0.,5C0000

C,288540
0.32¢632
0.2L1T106
0.5C0uCY
03[?].1.30

0,5C0000

0,21513

281e90Ls s

Table 9. High thermal parameter of added selenium dces not decrease. .
SUM FUBS = _ 663C573¢, SLM /DEL_F/ = 1421.978, R =0,21445, NJ, CF REFL, IN L.Se = 99
THE CONCRALUZED wCQICGHTED R OINCEX (K2) = 0,1999z2
RCRIALIZEC SUM CF SGUARES CF RESICUALS = 233,06%e
C NSk SCALE FACTOR FUOR FOBS = 40.59421s  THIS IS {GLD SCALE FACTUR) TINMES G/(G + ODELTA Gl»
ATCM NEW X NEW Y NEw £ NEWw E11 OR B NEta B2 NEW 833
ek 0sC .0 18281)  Q,37223) 056333 0,548C0C0 __ siAL
2 G0 U,225329 G, 5C0JCQ 3,0€69 J,250000 (L)
3 Ce 0 CadB533499 02924939 302437 0.,250000 3(2)
A CHh1Ca784 ColCaT84  Go328622 Z-€732  0,59%¢3%0_ O(3) -
5 Un21t266 Co2lt26€ 0s218206 453584 U,083333 CA
& C,2£5373 Ca225373 0.5000C0 Ba1511 D,283333 SgE 2
e B0 222841 00332647 0385834 50,1915 0,u83333  SE€ 3
Table 10. Refinement after second Fourier map, new positions are atoms 7 and 8. -
. ) N — - X ) nC ' 1 ° 0o = 9(}
UM FOBS =  6341,277, SUM /DEL F/ .=  1631,6€3, R =0,23350; WO, CF REFL. IN LeS

v DELTA Glo

833

THIS 1S (OLD SCALE FACTUR) TIMES G/(G
NEw E11 OR B8  N&EW B22 NE®
0.€652 3,5CCCR0 STAL
Lo 1509 0,25CC00  G(L)

14,2534 02250000 0(2)
20 £554 0,500000 0(3)
4o 494 0,083333  CA
35,2012 0,083333 SE 1
10, CCGO 0,083333 SE 2

155 CCGO

- 0,U83333_

NA

s
NS



"~ Table 11.
F£38S =

SuM

THE GENERALIZED WEIGHTED R INDEX (R2) =

NORMALIZED SUM OF SOUARES OF RESTIDUALS =

NEw

ATUM

Table 12.
SdM FGOBS =

THE GENERALIZED WEIGHTED R INDEX (RZ2) =

_NORMALIZED SUM OF_SQUARES OF RESIDUALS =

NE W

ATUM

A A R A s T a

CONEw X

0.0

SCALE

0,69
0s 0 h
0,103556

0,261859
0. 335780
0,230671

Niw X
G,9
0.0
0,9
Os I.U’!'OSI

Ua 227025

0,¢66152
U 2333831

SCaLe FACTOR

FACTOR

Ve 238446

=

SUM

CR FOBS =

.0-227930

. 0,222949

..Go228169

0,133963

Qe 224477
C-103556
Oo 2). 2949
052618336

003367830
.0+ 500000

FCR F08S

CNEW Y
0,184494

Cs 104051

1 0,227025

0, 266152
0400271

_0- 500000 ___

Se(2) thermal parameter increasing.

62952711, /D=L B/ o=

4538421,

N E W l

0.373102

0294477
03320483

0,222949

0,5C60000
0,335780

Refinement with Se(2) off of the three-fold axis..

6110,9056, SUM /DEL F/ =

4,2837T0%,

0,5CG00Q _

0,500000

NEW 7
0,373322
0,500000°
0029202 3
0.331226
0,227025
00500000
05310161
0,5C0000

1286,0561, R =0.20428, NO, OF REfLs IN LsS. =

0,19005

189,869,

THIS IS (OLD SCALE FACTOR) TIMES G/(G + DELTA G)o

©ONEW B33
SIAL
SSA 3 N
0(2)
0(3)
Ca
SE 1
SE 2
_NA

NEW B11 OR B Niw B22
1,1064 0, 500000
32,2002 _  0,250000
753846 C,250C00
259956 0,500000
. .5.3089  G,083333
15,1291 0,083233
44,0553 0.083333
s 1767 0.083333

12186665, R =0,16542, N0, OF REFLO [N LS, =

018355
16608654

THIS IS (OLD SCALE FACTORY TIMES G/{G + DELTA Gls

NEW B33
STAL
ey
0(2)
0(3)
CA
SE 1
SE 27
NA

NEW R1I OR 8 NEV B22-
1,2092 0»5C0000
33,6932 0.750000
7.7387 00253000
2,9426 0, 500000
O 5,9184 0,083333
25,2038 0,083333
37,7833 0, 082333
. 4.10872 0,083332

g«



Table 13.

Sut £J8S = 6

CTHE GENERALILZED

»_:\lﬂ‘rf\f AL 17¢ cb

MiW SCALS FACT
'KfoM”[KNEH;XW
l ’Ooo|
2 0.0’

r0,0"

O

~
-

|

Table 14.
S RGeS =
e CohNckALIZED
NURMALTZED SUi
N

Senlt FACT

ATew
L

NEw A

(S8
(@]
v
—~
<

SEN OB U2 B OV
oo

] ("04'71‘ 4
c Loceblluy

L SuUM

D, 103309"
0,226261700
0L 26761 4T
027658931
0.257029

554038,

137.£05,

WEICHTED R OINDEX

0F_SQUAR

UR

CONEW Y
T06 1842921
G5 226080'"
1366270
'0,103909 ¢
0, 226261 -7
0.267611 7
00375118 3%
0.500000%%

’(i')/

P [ -
By

~lr

44,

nEIURTED R

UF sQuares UF

o NEw Y

6064354::

J,
r)‘oéJ.)l,‘\,
LriCes1¢e
UCyeoldaltld

Cald5ta32

,)r~;(

<ot

v(.;: ,\a\/LCU

FOR F33S

SLM JUEL F/ =

INCEX

= G447 7436

Se(2) back on the three-fold axis.
SuM /DEL F/ =

{(k2) =

= 4,21 672a

CoMEw oz

$0, 3731117
0o 5000007

-0,226261

04500000 7%
06375118 %!
0,5000007%7 -

12325426,

£S5 OF RESIDUALS =

THIS

0t hee T
" 0.330784 -7

7

2

0,18262

1665620

[

71-52 8984
‘21,8147
132, 4892
Lo b1 46

i it f

(Re) =

RebTLUALS =

Nitw £
Coedsbds

O, 37349
CruCLJITU
Caz32120
G 3T 28
J,5C0u0uy
Co3%053 /
CodUeliod

.L(A.‘f)}&“f1

Lads 3¢,

THIS

Refinement with the calcium ion anisotropic,

Usid947

id
Niwi otll GR
CJ\.v_Lé
_Lp..l.J_)
/.\)E&,}.I

Vs LOY2

PR TRY S

Y
o

5o 18597

. ¢
/,.‘)‘) ~

(OLD SCALE

NEW B11 OR B
10184017
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Table 15. Both selenium positions with increasing thermal parameters.

S SUMFIBS. =, 65310133, SUM /DEL.F/ = 1308,185, R =0,20030, N0. OF REFLe 1N L.S. = 99

THE GENERALIZED WEIGHTED R INDEX (R2) = 0,17109

4

NORMALIZED SUM OF SOUARES OF RESTOUALS = 165,554,

A 4 C by B - S 0=
NEW SCALE FACTOR FOR FOBS = 45590055 THIS_IS (0OLD SCALE FAGTOR) rzwrs G/(G + DELTA G),
AT O NEW X NEW Y NEW 7 A N

NE NEW 7 JEW P11 OR B NEW 022 NEW B33 I
) ( . - ~ k4 N r‘;
,mmgAgzz)18mmmw00222?1aymwwpd224918,“thH@0o0239q0mwwm0q023?90 00023590 0 S
. 05184076 0,373672 1,2611 €,500000 SIAL S 00
809 0,225561 0, 500000 2.7374 0+250000 ae1)
e000 L 10.290585  0,290585 ___ 6.1134 _ 0.250000 0(2)

“’1

12
010

0,106578 0,106578 0,332453  2,0813 0, 500000  0(3) T

Oo§§§944 0, 268%44 0, 503000 37,2419 0,165666 Se 1
06258211 0, 38045]*muh09380451wwhmmﬁ100761, _0,166666 ©  SE 2

NGV N
H

Uo 241643 0,500000 0.500000  2,6573  0,083333  Na T Y

Table 16. Ref inement with 3 H20 include e
SUM FCES = 6345.€22, SULM /CEL f/‘E_ 1117.C%S, =0, 176G4, NOo CF REFL, IN LsSs = 99

_THE_GENERALIZEC WEIGhTED R INCEX (R2) =  0.15063 . S

NCRMALIZEC SUM GF SQUARES CF RESICUALS = 121.1¢5,

 NEW SCALE FACTCR FUR FOES = 4,52492.  THIS IS (CLD SCALE FACTUR) TIMES G/(G + UELTA Glo

Nen Y,”'W_; NEW 2  NEW E1L OR B - NEW B22 NEWw B33 ~ NEw B12

CATCM . NE
1

—
o h
N w
o~
-

Lec2ZSlzl  Ce5CC0CO. . 3,.0G563 Go.g5CCuu _ oOtv)
C.2G6251E€ 262518 6,C217 0.,25C000 0(2)

£
z
C Cold222& Ca374321 . 1,2C34  0,500000 SIaL
C
C
icelaz C,1C2122 Co3352€5 204591 0,500C6C0 u(3)

O i O DN
@)

CCo2l2734  Choz12734  Co5C0CCO 38,1103 0,083333 s¢ 1
Cozl35EG Co3C8L542 Cos81542 2122434 0,083233 SE 2
Caz4blEE C.5CCCLH Co5C3000 235502 0,033333 NA
C,(72168 C,CT12168 L,0721¢8 /ao,:cu&\,MM00083333H4MAH2CLWM.“wwmwu_mwwwﬁwmw
1 CaCS1132 Car2264CG 0,32€490 4 9,783333 H2C2

\"'()o 28

 Cezl9zal C.216241 C,C13541 0oGCl9541 0.019541 0,041360



Tob“3]7
FIBS

ou\l

8303.684,

RALLZED WELGHTED R

INDEX

The H,0 positions rertn.ng well
SUM

/DEL F/

(r2)

T 1038,

966, R =

0614133

0

1(\’}81y

NO S

0F

REFLS

m

4d

LsSs = 97

NURMALLIZED SUM DOF SQUARES OF RESIDUALS 105,020,

W4 SCALE

CFACTOR FOR FOBS

4,45068, T

HIS IS

(oLe

SCALE

'ﬁitfﬁiﬂw

TIMES G/ (G

+ DELTA Gl

L THE

ATOM  NEW X NEW Y NEW Z CNEW Pl’ O°‘B“W_wa 322 CMNFW B33 Au”w 3312
1 0,222319 0.222819  0,222819 0,0164560 0, 016460 0,016460 0. 1326418
¢ 0,0 ), 183812 0. 373592~ 153372 3. 500000 STAL

3 0,0 062254560 S 0,500000 0 2,69226  0,250000 Ly o
A G0 C» 290320 0, 290020 5, Q>u4 0,250000 Q2
5. 0,1115%43 0,111543 353323507 3,4530 0,5C3000 013)
6 0L 216232 0,276232  0,50C000 36,2648  0,083333 SE 1 . .
7 U, 207355 0a 335220 0, 2385230 28604779 0,0%3333 N T T
3 U,242278 0, 500000 0,50C00C0 2.1227 0,083333 NA
9 0,086757  C,086757  0,086757  0,2740  0,003333  p2ny
16 01062921 Co3190528 J» 2190583 25,2351 0,083333 HZU7 i o T
Table 18. Refinement with both selenium pObithPS gn.so:xopnc doc; net sngnaiarwntly a.Lar Ry or Rn, B
TTCUM FIBS = 6308.0684, SUM /DEL F/ = 1031,900, R =0.16356, NOa OF REFLe IN LeSe = 99

{R2) _ 0 14017

GENERALILZED WEIGHTED R _INDEX

103,722;

NORMALIZED SUM OF SQUARES OF RESIDUALS

%0472180
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Table 19. Still no anisotropic selenium refinement,
SUM FI3S =  6267.867, SUM /DEL F/ =  1035,80l, R =0,16526, NOo 0OF REFL, IN L>S. = 99
THe GENERALTZED L;AGHTEDWR_LNDEKWJEZlMi_“Qalélﬁﬂ_ _ ) R o
NORMALTZED SUM OF SQUARES OF RESIDUALS = 104,443,
NEWw SCALS FACTOR FOR FOBS = 4,69583,  THIS IS (0LD SCALE FACTOR) TIMES G/{G + DELTA G
ATGM  NEd4 X NEW Y  NEW Z " MEW B11 OR B NEW 822  MNFW R33 ) Nrw R12
1 219452 0,219452 0,219452 C.020150 0, 020160 0,020160 0.0&1128
2 00254287 0, 256287 0., 500000 ~0.077961 001356570 0,335490 0.0
3 0,264328 003Q7403mwﬂwgo39240§w%“_m?79,025§1§,MM_VOCA6° 0,046807 -0,318897
& 0,0 0,183093 05374095 1,3133 0.500000.  SIAL T T
5 0,0 1 0,226753 0,5C0000 3,4325 0, 280000 0(1)
b 060 0,292549  0,2G82549 53,8351 Q 230000 0(2)
7 0c1UB6/H0 0, 108660 00323376 3,1104 soooooTo(ay T o
~3 , 250808 0 500000 0, 500000 2,062) 0 983323 NA
9 0,990827  0,090827 __ 0,090827 _ 0,4476 _ 0,093333 H201
Y 0.157703 0,229783 0,3229783 0.1667  0,083333 H202 - s
B AW
Table 20. Refinement with a planar Seg ring as the species within the large cavity, -
SUM FOBS = 6632,188, SUM /DFL F/ 13265463, & =0,20000, N0, OF REFL. IM LoS. = = 9
“THE GENERALIZED WEIGHTEDR R IMDEX (R2) = 0,17572
TNIRAAUTZED SuM OF SQUARES OF RESTOUAUS = 180,137,
NG SCAUETFACTORTEGR EGHRS = 4,670%7,  TTHIS TS (GLD SC CETFACTORY TIMES G/IG #+ DELTA GY o
ATOM  NEW O NEWw Y  NEW Z M‘ OrR B 322 CR occ NEW 8373 e
1 0,0 0,183652 ”0;3?2515 3708 0,530000 STAL
2 0.0 D.229724 - £00000 @,6535 Ga?50000 0(1)
3 0.0 L Le2PU63T ,“ 285637 . To4nla  0.25cC000  (2) B
4 J.10u881 0,109331 0~3466G4173 55,2008 0,500000 0{3)
5 Do s lalth Da2 14106 0,214145 5, 71650 0,166600 N A
6 Js29h625 0,723625 ;,:unoun"mwwuza,7732Hw.,o 032333 sEL B
7 Jolil336 0,1L10536 V10536 Jscla? 001566ES H201
5 0.0 0.0 uso 16,6534 0,020330 CAY
_ 9 1,5453000 0,29%432  0,5000 00 4n 22746 0,033333 SE2 L
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V- ik STRUCTURE DETERMINATICH

The output of the LPCOR ccmputer program indicated that of 502 re-
flections, 179 were significant.

initial lecast-souares refinzment based upon the frameworlk and two an-

. - by - ‘ . »
ticens found in Amaro's 3 partially dehydrated zinc ex-

. . . : I - ) 2
changed zeolite A, converged in four cycles to an R1 of 0.24 and an R, of
1

inerent lowered the error indices

0.20. An additional four cycles of re

Because its anisotronic thermal perameters were becoming unreziistic

the zinc position at .16, .16, .15, was delcted. The single zinc position

remaining, and the framework, refined to an Ry of 0.21 and an R, oé 0.18
At this point a three-dimensional clectron density Fourier map was pro-
duced. A large pesk at the origin was assinged as a zinc position and in-~
deed, when this was included in least-squares refinement, Ry dropped to
0.14 and Ry to 0.13. In subsecuent trial structures two other positions
in the sodalite cavity were refined. These positions, which were first

thought to be acetylene carbon positions, were assignzd occupancies of

L, and considered to be HZO molecules.

Bzcause it was suspeclted that there might be no acetylene at all in

the zeolite, it was decided to assume that the structure was completely

-

hydrated. Accordingly, all of the peak postions not yet refined from the

Fourier map were includad in least-squares refinement as HZO positions.



s L ) P R T H
¢ these psoks, end with this

Table 31 presents the refined postions of

Fol

0 position wos included in fou

. .
4

and procucad Tinal errvor indice

spectively.

B. Discussion.

]

Crystallographic analysis has indicated that no acetylene entered

the zeclite. lInstead, the zinc exchanged crystal remained completely

hydrated. In light of the dehydration procedure employed, it is obvious

that this complex is very hydrophilic. Four H,0 molecules arc tetra-

[

hedraaly bound to the sodalite zinc, and tuentyfive additional H,0 mole-

cul

&)

s are found in the remainder of the unit cell. A portion of the
Fourier map generated in this structure determination is reproduced in
Figure 13. It clearly indicates tre z

the center of the sodalite unit) and the water molecules associated with

—
ot
.

Final molzcular geometries and distances are given in Table 33 and

Table 34, respectively. Tables Z1 thru 32 Jollow the course of the

structure solution. A XORTEP computer plotter drawing, showing the

framework, zinc, and water positions is presented in Figure 1h.
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Atom A Atowm B Atom C Angle in degrees Deviation
o(1) SiAl  0(2) 111.19 .69
o(1)  sial 0(3) 1.5 .70
a(2) SiAl 0(2) 106.71 .85
6(3)  sial 0(3) 108.92 | 1.17
SiAl o{l) sisl 157.31 63'
SiAl 0(2)  SiAl 154,56 1.18
SiAl 0(3) Sial 139.47 1.19
0(3) H201  0(3) 356.24 2,15
6{3) Zn(1)y  0(2) 114,48 1.22
0(3) H2G63  0(3) 63.4L2 2.02
0(3) H202  0(3) 78.83 .42
H201 Zn(1) H203 171.87 .39

" H206 H205  H207 96.31 2.15
0(2) H206  H205 97.54 48
o(1) H20L4  0(2) h5.01 1.09
o(1) H204  H203 102.55 3.36
o(1) H207  H205 104.53 2.48
0(3) Zn(1) H2d3 103.38 2.34
H204 H203  H207 89.40 2.76

H204 H202  H207 75.42 3.21



Table 34. Selected Interatomic Distances, in Angstroms.

Atom A

Atom B
SiAl
Sial
SiAl
0(3)
Zn(1)

Zn{2)

H204
0(3)
Zn(1)
H20kh
0(3)
0{2)
H207
0(2)
o(1)

H202

Distance

1.

1

1

N

635

6l5
.5676
.763
437

Deviation
.005
.005
.006
. 049

.069



Table 21. Initial re?inement with only framework and two zinc locations included,
SUM FUBS = 9591.324, SUM /DEL F/ = 22544190, R =0.23502, NO. OF REFL. IN L.S. = 179
THE GENERALIZED WEIGHTED R INDEX (R2) = 0.19724

PURMALTZED SUM OF SQUARES OF RESIDUALS = 143,060,

NEw SCALE FACTOR FOR FOBS = 3.54284, THIS IS {(0OLD SCALE FACTOR) TIMES G/{G + DELTA G},

ATOM NEW X MEW Y NEWw Z 811 OR B  B22 OR 0OCC NEW 832 NEY 812

1 0.214213 0.214213 0.214213 0.001792 0.001792 N.00G1792 PLON1 65T

z 0.050547 0.250547 -  0.156547 oaozzgss 0.022435 0,022435 0,02532%

3 0.0 0.179661 0.367548 .9193 0.500000 STAL . _

4 0.0  0.2U2269 0. 500800 3 1395 N.250:00 0(1) o
5 U0 0.300716 0.300716 0.,58051 0.250000 0(2) ~
6 0.2015383 0.115383 0.322197 22,6303 0.500000 0(3) ‘ B

Table 22. Four more cycles with the just refined positions,

SUt FOCS =  16938.273, SUM /OFEL &/ =  2167.830, & =0.2159, NO. OF REFL. [N LS. = 179
THF GENSRALIZED WEIGHTED K INDEX (£2) = 0.17943 . -

RORNILTZED SUM DF SQUARES OF RESTOUALS = 129.684, |

MW OSCALE FACTOR FOf FOBS = 3.05480.  THIS IS (OLD SCALE FACTOR) TIASS G/(G + DELTA G).
ATCH MT X WP Y MFW Z BLll CR B B22 NR OCC NEW 833 N&W B12
1 0.214456 0.214656 . 0.214550 0.003178 0.CC3178 C.0031L7¢ 0.007829
2 D.167606 0.167606  0.167606 © 0.0070L0  _0.00791u 0.LCO70L0 -0, 001003
2 0.0 0.1600887 0.34672732 0.8152 J.5G0000 STAL

4 0.0 0.206484 0.550900 2.5704 9.2500G0 O(1)

5 0.0 0,2CC710  0.3C07T10 _ _ 0.9369  0.250000 _ a(2)

() (}. 1

12793 1 5.112753 0.222006 2. 6587 0.520000 1(3) S



Table 23. Refinement with only cne zinc location,

SUM FOSS = 10722.238, SUM /DEL F/ =  2457.818, R =0,22923; NO. OF REFL. IN L.S. = 1792
THE GENERALIZED WEIGHTED R INDEX (R2) = 0.19363 -

MORMALTZED SUM OF SQUARES OF RESIDUALS = 172.306.

NMEW SCALE FACTOR FOR FOBS = 3,92113,  THIS IS {OLD SCALE FACTOR) TIMES G/{G + DELTA Gl..

ATOM  NFYW X NCW Y NEW Z BlL OR B 822 OR 0CC NEW B33 NeW B1Z2
1 0.213727 . 0.213727 0.,213727 , 0.,005729 0.C0%729 . . 0.00572%9 = 0,004549
2 - 0.0 0.180177 0-366840 0,56156 0, 500000 SIAL -

3 0.0 0.202287 0,.5000060 243647 0.,250C€Q0 of{1)

4 0.0 o 0.300316 0,300316 0556594 0,250000 oezy

5 0,112380 0,112380 0.323129 2.%4529 0,500000 {3}

Table 2k. Four more cycles to refine this position,

SuM FQ3S = 93022,69%,  SUM /DEL /= 2077.057, R =0,21017, MJI, OF REFLL IN L,S. =

.
~}
~
>

THE GENEPALIZED WEIGHTED R INDEX (R2) = 0.,1l7930 7 7

MOSHALTZED SUM RF SQUARES OF RESTOUALS = 125,508,

MEW SCALF FACTOR FOR FOBS = 3,62617,  THIS IS (OLD SCALE FACTUR) TIMES G/{G + DELTA 6),

ATDM NEW X NEW Y NEW 2 811 OR 8 322 0OR 0CC NFEW B33 MEW D12
1 0.213737 0.213737 ° 0.213737 0.003573 N.003573 0.003573 0,0037:98
2 0.0 0.180524 0.346A950 00,8733 0,500600 STAL -

3 0,0 0.2035683 0.500000 2,7427 0,250000 0(1)
& 0.0 0.300831 0.300831 1,0658 0,250000 n{(2)
5 0.112629 0.112¢29 0,322088 2.9083 0,500000 Q¢3)y 0



Table 25. Refinement with a zinc at the origin ( found in the Fourier man) .

 SUH FOBS = 10455.547, SUM /DEL F/ = 1508.700, R =0.14430, NO. OF REFL. IN L.S. = 179

THE GENERALIZED WEIGHTED R INDEX (R2) = N.13241 e

NORMALIZED SUM OF SQUARES OF RESICUALS = 76.617.

NEd SCALE FACTOR FOR FOBS = 3,83644. THIS IS (OLD SCALE FACTOR) TIMES G/IG + DELTA G).

TATOM™ 7 NEW X777 TTTNEW Y T NEW 2 BLTLUOR B8 7 822 OR OCCTTT T NEW B33 0 0 NEW 812

1 2.213133 0.213133 0.213133 0.003261 0.003261 D.003261 DL.024004
2 - Q.0 0.38L277 0.366727 0.,810¢4 0.50000C0 SIAL
3 0.0 7T 0.201652 0.500000  2.2723 0.250000  0O{(1) T
4 0.0 0.301884 D.301884 1.8891 1.,250070 0(2}
5 0.11c¢445 0.112445 0.323701% 3.2326 0.5C00C0 03y -
6 0.0 0.0 0,0 © 0 3.5218  0,020833 IN(2 -

Table 26. An additional four Hy0 molecules have been inciuded in the sodalite unit, on the three-fold axis

(SN FIBS = 10386.180, SUM /DFEL F/ = 1354.372, R =7.13740, NO. OF REFL. [N L.S. = 179

THE GENERALIZED WEIGHTED R INDEX (R2) = 0.12380

NIRMALIZED SUM OF SQUARES OF RESIDUALS = 66.089.

. THIS 1S (0OUD SCALE FACTORY TIMES G/(G + DEUTA G)5

‘wea'scALE'FAcTOR‘FUR”FOBS'=”3.81113,

AFOW NEA X }‘ NEW Y  NEW Z B11 OR B B22 0OR 0CC NEW B33 MEY Q72
% J.213124 0.213124 0.213124 0.003225  0.003326 0.003326 T 0.006061
2 0.0 0.131336 0.366631 0.3323 0.500000 STAL “
3 3.9 £.20)658 NL5CNA0N 2.3549  n,250100 (1)

f 0.0 0.301732 0.201732 1.8632 0.250000  0{2) T
5 3.114197 0.114157 0.323563 3.3471 0.500000 n(3)
? 3.0“ ) 0D 0.0 . 3.4595  0.,020833 IN(2

0,081541 0.08154]1 0.0815641 5,9501 0.083333  H2pr T



. . fl ~13 N o £ + am- "E .
Table 27. Refinement with the sodalite waters taken off of the Thre, fold axis

L SUM_FOBS = 10416.047, SUM /OEL F/ =  1346.603, R =0,1293, NO. OF REFL. [N L.S. = 179
THE GENERALIZED WEIGHTED R INDEX (R2) = 0.12338

NURMALTZED SUM OF SQUARES GF RESIDUALS 27 65.593.

a0

f“l Ew

SCALE FACTOR FCR FOBS = 3,81919.  THIS IS (OLD SCALE FACTOR) TIMES G/(G '+ DELTA GJ.

ATOH NEW X NEW Y NEW Z . Bli GR B B22 OR 0OCC NEW 833 NEW 312
H 0.213100 0.213100  0.213100  0.0033446  0.0033244  0.003344 0.004154
2 0.0 H.1814C5 N.366616 2.8356 ML 500000 SIAL |

3 0.9 0.201385 0.500000 2.3179  0.250000  0(i)

4 0.0 0.301570 0.201570 1L.7617 0.250000 02y -

S Ja114451 C.ll445] N.3223874 3,3123 ~L505900 0(3)

° V.Y , 0.0 - 0.0 3.5264 0.020833 IN(2

7 0.054209 0.035676 0.065676  0.9220  0.083323  H201

Table 28.
Surt FJ3B8S

THE

NOxMALTZED SUH OF SQUAPES OF RFSIDUALS =

GENERALIZED WEIGHTED K INDEX

5168.1

80,

MNEA SLALCIEACTDP FOR fOBS

ATUM
1

P

W~ OV DN

=
s [T
o X
RS

o X

K

e € 13 L]

[
<o
A9

-t

3 v

*C,-?“"OOCI\‘

R Je

<
-

V4
C
4\
[os]
(o))

bl

33175,;

NEW Y

o,
0.:81563
0.201426
L301332
0,113323
0.0

0.306486

213381

CG.083175

1. L9679.

NEW 2
0.213381

0.366759

0.500000
0.371382
0.325250 |
0.0

0.306486

Refinement with the sodalite waters bac!
SuU¥ /05L F/

(R2)y =~

W.L83175

625,221,
G.11625

)4 .428.

THIS IS (OLD

Bil OR B

0.003385

0.8245
24735
9743
83127
3.3732
6.6943
442901

(3 (-

< on the three~fold, and four additional water
R

103285

=0,12098, NO. DF REFL.
SCALL
BZ? Ok NCC NEW B33
).’“3385 "L
0.500000 SIAL
0.250000 (1)
N ,25000) a(2)
0.500000 n{3)
0.0208323 IN{2
CL.(83333 ~HZ201
0.083333 H202

.31,
IN L.S.

at

i

D
LW

P

~

o

FﬁCTOK) TINLS G/(G + DELTA G).

Tt

RS AN



Table 29, The first H,0 position was at first erroniousiy calied a carbon.__..___. . . _.

SuM £38S5 = 10311.785, SUM /DEL F/ = 1267-,169, R =0.12289, NO. OF REFL,

THE GeNERALIZED WEIGHTED K INDEX {R2) = '0.11593 "7

NORMALIZED SUM OF SQUARES OF RESIDUALS = 57.124.

IN L,S. = 179

NEW SCALE FACTOR FOR FOBS = 3.78348. THIS IS (OLD SCALEVFACTOR) TIMES G/{G + DELTA G).,

ATOM NEW X NEW Y NEW ¢ B1l OR B B22 0OR 0OCC NEW 833

1 0.2136407 0.2313407 0.213407 0.003363 0.003363 0.003363 .
2 0.0 © 0 0.181383  0.366799  0.8509  0,500000  SsiaL T T
3 3.0 C.221745 . 50000 2.5318 D,25(.000 0{1)
4 0.0 0.30.003 0.301003 1.8039 0.250000 0(2)

5 0-112810 0,112810  0.325043 33,9592  0.500000 G{3)

6 J.0 - (a0 0.0 3.4373 0.020833 IN(2

7 0.083253  0.083253 0.083253 7.059) 0.083333 H201

8 0.312617 0,312617  0.312617 = 1.0540 ° 0.083333 (1)

Table 30. And another carbon was mistakenly assigned a H,0 position.

NEW B12
0.003588

Ry
i

SUM F2BS = ‘10329.895,"SUM'/DEL”F/“a'““1261;933; R =(,12208, NO. OF REFL. iN LoSe = 179

THE GENERALIZED WEIGHTED R INDEX (R2) = 0.1170

NORMALTIZED SUM OF SQUARES QOF RESIDUALS = 58.393,

New SCALE FACTOR FOR. FOBS = 3.78920, THIS IS {0OLD SCALE FACTOR) TIMES G/(G + DELTA G}l

CNEW B12
0.003548

ATOM NEW X NEW Y 77" NEW Z 7777 B11 OR'B° 822 OR OCC ™~ NEW B33 -~

1 J.213398 G.213398 7.213398 0.003323 0.,003323 0.003323

2 0.0 0.181350 0.366818 0.8455 0.500000 STAL )

3 9.0 0.201759 0.500000 2.5552  0.250000 o(1y) 7

A 0.0 0.301057 0.301057 1.7723 0.250000 0(2)

5 0.112662 0.112662 0.324561 3,9787 0.500000 003} ’

5 0.0 0.0 0.0 3,4857 fL,020833  INt2 T T
7 ~0.083143 0,083143 0,083143 7.2940 0,033333 H201.

6 0,31;905 0.311902 0.311902  0.8744 0.083333 c(1) - »

5 Ca2060655 0.360655 0.360655 15.3461 0.083333 c{2y



Table 21.

Reflection 2-10-15 has bezsn de

b}

SUM FOBS = 11R15.06A, SUM /DEL F/ = 123
HE GTMERALIZED WEIGHTSD R INDEX {R2) = 0.1

NODRMALTZED SUM

NF# SCALE FACTOR F0O3S
TOM T OTNEW X CNEW Y
1 0,213325 0.21038%
2 0.0 0.182378
3 S 0.0 T T 0.203240
4 0.0 0 2¢6017
5 0.1114072 111&02
5 0.0 = UOO e
7 0.2122¢82 C.312272
£ C.277271 0277271
2 S 0L.038275 T 0.500000
0 O 217614 0.357260
L LOT25T4 0.103%02
2 O.Zju>°5_ 0.530000

Table 32.
SuM FUBS =

ATOM

bt

O SQUARES

TOR

OF RESIDUALS = 3

= 3.403¢69.

THIS

TNEW LT
0.2103835
0.3484567

T 0.500000 7
0296017
0.3306032

“ 0.0 -

0312282
0.277271

_“O,‘ S00900

500C00 1
0.103502
0.5C0000

Refinement with the final -H,O

elet

ed. All peaks are added as waters,

1.056, R =0.,10619

0Ll54

1424,

IS {OLD SCALS

BL170x 3
0,004372

3.6338
1.4353

0.125000
D.041657

position included

2

0.7207 0.5920000
2082550 0.258C00
11,6075 0.250000
3.9551 0.5000C0
2.GG65477770,020823
6., 1017 0,CP3333
b. 64 LT 0.033333
1,862  0.0414667
3. 7326 U.250000

103660184, SUM /DEL F/ = 1008.768, R
THE GEMERALIZED WEIGHTED R INDEX (RZ) = 0,08232
NEW X NEW Y NEYW Z B1l1 OR B

0.213166  0.213166 T 0.213166 0.003292
0.0 0.181707 0.366763 0.8338
G.0 0.197383 0.500000 2.5752.
Vel C0.301462 0.301462 2.0802
0.114203 Oo.1142uU3 0326737 3.5335,
0.0 0.0 0.0 3.1970
Ue320913 0.320913 T 0.320913 4o 3716
U.233501 0.283501 0.283501 88,0223
0.042695 Vogscoooo G.500G00 2.0292
Ua2U4968 0.382136 0.500000 9.8423
U.050006 0.0596275 0.098629 2.3269
0./213333 uc,oouoo 0.500000 3.1600
U.306516 0.265471 0.500000 9.9855

WN = OO\ W,mH N

po e B pe -

FACTOR) TIM=S

322 DR 0OCC -
0.0C6572

G/{G +

H207

DELTA G).

G IS NOT CHAMNGED
NEYW B33 NEW 512 NEW B3
0.004972 0.004638 0.0046328
STAL
N1
02
03
- 7n3 ] .
H203 "
H202 @
H205 - - 7
H204
HZ201
H205
. =0,09750s NO» OF REFL. IN LoS. = 177
822 OR QCC NEW B33 NEW D12
0.003292  0.,0032%2° L 0.,003479
0.500000 STAL
0.250000 0{1)
0.250000 0(2)
0.500000 0(3)
0.020833 N2
0.083333 "H2/3
0.09832333 H202
0.061667 H20 6
0.166667 H204
125000 H201
0.041667 H205
0.083333
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The successful preparation of the stoichivuatric, divalently ex-
changed zeolite A in this work will allow future work to proceed in
introducing substrate or ligand species into the exchanged zeolite, for
the purpose of mimicing the geometry or action of these jonic and
ligand entities in biological systems. For instance, the zinc exchanged
zeolite could be partially dehydrated ond then {0y could bLe introduced
into it. Crystallographic study of this complex may then elucidate
the mechanism of cetalysis of Carbonic Anhydrase, which, containing zinc

at its active site, promotes and regulates the equi

p—y

€O, + Hp0 === 1005

In a similiar manner, the other exchanged zeolites could mimic, upon

.

introduction of spacific species, many of the other enzymatic metallo-

proteins, providing they catalize reactions involvirg molecules which are

[and

sma all enough to fit into the zeolite cavities. Tha use of
plexes in this way, could then auickly and inexpensively produce biologi-
cal models of enzyme systems which presently are studied crystallographi-
cally at the cost of much time and money in entire three-dimensional
protein structures. O0ften, these completed protein structures are still
unable to allow postulation of the specific action in catalysis, thus any
results at all from a zeolite complex model system would serve to progress
the understanding of this catalysis.

The results of the sorption work in this research also encourege

further work with thess model systems. Although not yet entirely satise

.‘J

feectory, our sorption methods can now be analized and improved
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1) The pl Diffractometer



2) Diffractometer output sample.

Ist row;

2nd row;

3rd row;

A nega
nates a

the reflection peak

sequence number,h,k,0,2@, w , ¥, X, scan range,

scan rate

left background, scan count, right background,
intensity, standard deviation, exposurc hours

tive sign in front of the sequence number desige

check refiection.

| 6676666676666666 - A :

i a:2 §28 ‘831 - a2 19 55,68 : o

( 3€2 2 3 18 64077 32633 G520 346013 2e44 ' eSO

f 6666666666666666 S, ' ' ' B : -
i 333 672 3256 7 18 55,16 ' ’ a
b 363 e 3 19 €3¢ 69 2435 352624 347060 26 47 '+ 50
4 6666656666666656- L ‘ ‘ S
8 358 696 365 =12 (18 55. 33 . . o
2 . 364 2 4 . 4 20617 1008 33173  19.85 212 = 53"
g 88877€78887777717 R : - \ IR

i 524 2044 | 912 54 81 S$5.47 L e T
4 . -365 o o) &  2Be16 10.08 356096 337.83 2412 . 50,
i | 7888S9ABLCDLCASEE o : o o o el
o - '1997 £907 1548 - 18166 © 79 550 68 . ce

L | 355 @ S © S . 28.81 ~11.91 3i%44 | 3.92 2.15  «50
o ' 7788,/acunﬁﬂ9808 o - e ‘ e :
R : €57 17879 1175 7923 . I8 85675 S SO

o IR 367 2 4 .5 . 22.57 ° 11489 335021 13.81. 2614, 50
P L 77777778877 1717T I - S . ‘
o 863 1643 757 118 29 5595 B Lo .
e s 363 2 4 6 - 25.22  12.61 83787 < 9¢42 | Belb . « 50
o CTTTINTTIINININIE o L ‘ | BRI

| 781 1473 CTAB T =24 27 S04 K s,
P 3469 2 4 . 7T . 28eB5 14683 33297 585 2417 ' SO

3 .~ TTTTCSE9A9987777 ) o S ' :

o 7E3 3214 763 g45 34 56019 o .

i : 370 2 4 8 - 31.02  15.51 341667 2494 = 219 - 50
ki TTTTTTITIBE88TIIT con T - g IR

! ~ 674 - 1826 633 ° 234 28 56433 e

H 371 2 4 9 - BA0ll 1785 343.0% .53 2¢ 21 eS8 .
i TTTITTISTITTT9TT L N :

1 . 748 1aB2 0 S91 . 7% 26 S 60 45 L
oo 372 2 4 10 37.28  18.564 2440228 353e51 1 223 ¢ 50

! TITT767T7671667T67 . S - ‘ ’ '

e ‘ 576 1657  .504 g © . 23 560 63 e -

) : 373 2 4 i1 48.54 2027 345. 21 35603@ . 2.25 ¢ 5%
o T66T666676667666 L . o : =

i 456 953 472 - 18 21 560 78

i 374 2 4 12 . 43.88 21.94 34666 3550 34 2623 R « 88



v
APPENDIX B

D

2) a sample of the PACKEM output

sample of the LPCOR output

@

3) a sample of the FMLS output
L) a sample of the MGECH output
Samples of ORTEP and SFC-ALFF Fourier

map outputs have already been presented.



o

s

ar

e

LA

LINE 1:SEQaboHaKyLyIy SIGMAT J2THFTAJDMEGA,PHIyCHI 9 EXPaHOURS s SCANRANGE , SCANRATE  LEFTBKGND, COUNT 4R IGHTBKGND

10

11

12

13

14

15

16

17

12

19

20

o

10

11

12

13

14

15

16

17

18

1). LPCOR computer program cutput.

LINE 2: SCAN PROFILFE IN TRUNCATED 3ASE 2 LNGAKITHMS JUST LIKF THE TELETYPF UUTPUT.
LINE 3:NFTCOUNT,CORSIGMAT 2LPDFCAY ABSORP FSIGMAF,UBS? ’

10422.0  79.7 20.16 V.08 356,96 337.83 O.14 2.123 0.5 1050. 231256,

244L4544646446465545555556656660TTTTTB3883999990030003999998REBTTITELLL6LE656555555555555544444440040400
7943.5 70.6 23.81 11.91 319.44 3.G62 0.29 2alb6 0.5 Q60. 17902.
LLL3L2444L46444L044555555564560666TTTTTARBEAIGIC0999099Q9¢CI8RBRATTTTE666565565555555555555444454444404403
19642.0 120.5 3.24 l.67 356.55 337.83 Q.¢2 24020 0.5 2719. LIERE
65656 66ACHERKEECTHTTTTTTTTTSZ8R313G900CUI0010I1LU0DV00QQYREISBERTBTTITTITITITTITITTTI?ITITTITITTI7T6T67
Q ¢l 1 19644, 513. 17.1156  0.9999  1.0000 33.83 7458
75040 7043 6.63 3.35 356.96 337.33 0.50 2.040 0.5 511i0. 10436,
bEEEE6HE665666666666665666H666660666T666TTTTTTTITTTITITITITTEOHCO6666LEHELHEERSHABEE66ARBHEEE6H66MELLR
J 0 2 750 83. B.52446 (C.9998 1.0000 S.38 “a55
2528.0 70.6 10.04 5.02 335.36 327.83 Q.69 2.061 0.5 4099, 12488,
b66665656L666E66L6666666666666T666TTTTTTEERASHEIRARABTITTTTITIOEOHLEH6LLL666566656668006685606656EL5656
0 0 2 2523, 12l 5.6440 0.2897 1.0000 21.16 2.86
11R9.5 S1.9 13.40 6.70 356.96 337.83 0.83 2.081 0.5 2539, 65T,
555555555535 5585555556555555555666006666T7T7TTTTT1TTTToTAAGLL655555555055555585R065546555858684445544
o] 0 4 1150, Thae 4ol561 Co9995 1.0000 léa8és la25
3012.0 £2.3 16.73 B.39 356.36 3:T.R83 0.57 2.102 0.5 1346, QL2
GLb5LLLLLLL88 R4 54645565555555566066TTTTERSPHERIBIBRTTTTTESA66555555555554464644544600664536040440404
0 Qo 5 3014, 113. 3.3179 (0.%9%4  1.0000 30.1¢4 1.87
10459,5 79.6 20106 10.¢8 356.94 337.33 1.12 24123 0.5 1059, 23118,
LlbLbbbBLLLHL4L54545585558506666TTTTINEBIFIIAT0N0U00999999R838TTTTTO6656665656555555455544455L54446056
[§] 0 6 10467 2B, 247253 (.9933  1.00060 61.97 2.33
311.5 20.8 23.57 11.78  330.96 3237.33 1.26 2.144 0.5 841. 2211.
364643343434 3334434444043443334334445445555F65568565555544504440660640566343345333363223333443433432404433
v o] 7 31. 3T, « 2977 0.9992  1.0000 11.65 1.5%9
74840 33.5 25493 13.50 356.96 327.43 1.40 2.166 0.5 Tab. 2991,
43464464633344334333344606486804844084544555560606065660A555R588R454463446433444346444343433364333443404
0 0 3 749, 48, L.9723 €.9971  1.0000 19.43. 1.24
948.5 34.9 30.45 15.22 356.96 337.33 1.55 2.183% 0.5 T19. 3386,
3444343333436 44444443644,506435555550066000A40606600666065555544464L444043363432344344334L36363333433
V) 0 9 G473, 544 17153 C.9990 1.0000 23.52 1.15
2566.0 “45.9 33.93 16.95 356.96 327.83 1.70 2.211 0.5 846s, 6781,
334LLGLL3A4LLLLL3LLL54454555545555668TTTTTTTTTITGTITTTITTITITOTCH5665555544444544634446334343644633433234
vl 0 10 2507, GTa ,1aB5079 C.9943 140000 41.26 1.13
59545 32.1 37.44 13.72 33%6.9%%5 3:37.83 1.85 2,224 0.5 6527, 2054,
33334433533233363344643434304443355455555666n00060E560500585685545443444346433343333333342323333333433323%
0 o} 11 897. 500 1e33%9 0.99%7  1.0000 2%.91 0.97
-1l6.5 22.1 40.99 20,49 356.96 327.83 2.00 24259 0.5 S10. 57,
333232323333233232333323332232133303332333122333321323323323333333332333322322332312333343222223
0 0 12 Qw 22+ lelIll .9986 1.0000 3.60 3.07U
32.5 219 4453 22427 39H.96  3:T.93 215 2.284 Q.5 L53., 396,
33423232232332332223322233234333323333233343234324222434333333321311333322332332223232332322332232
0 0 13 33. 23+ 1.0678 (.9985 1.0000 5452 24054
179.0 23.3 48.21 24411 350.96 337.83 2.30 24310 0.5 493. 1262,
22433322323322232223333333212333334445444444664444066403334333333332323323333233331233332233462122
0 0 14 179. 27T+ 0.9A17 0.9384 1.0000 13.65 0.99
4640 20.7 51430 25.35 350.796 3.,7.83 2.06 24337 Q.9 . «11. 300.
2222234333233333223133223323223223233333322322:2333223232333353333322333112333323232333333232322
0 0 15 46, 224 0.87C5 0.9983  1.0000 7.28 le43y
240.0 23.2 55.65 2783 356.90 3357.83 2.62 2.365 0.5 436, 1313,
2222322332223223322123333323333464433644545446004004465334444633244633333233123223233333332232223333
0 0 14 240, 283. 0L.7913 C.993L 1.0600 17.43 0.80
-4.0 20.3 59.47 29.73 350.96 337.83 2.78 2.355 0.5 41l. R22.
2233233322222322323322233323333223333233333312423332232323322223132212322322232221222212332312452
0 0 17 0. 20. 0.7230 0.9980 1.00C0 bbb 20299
-8.5 19.5 63.36 31.68 356.96 337.83 2.94 2.427 0.5 407. 751.

232232232222223112232113233323222333321221223223331233323212232322223222232222123213332232232221

3353.

160l

1122.

1140.

747,

IEN

770.

SU9.

536,

411,

397.

397.

4139,

361,

s

o

-t

G



Fgo=LieveEer LINKAGE EDITCROFTIONS SPECIFIED
OeFAJLT UPTION(S) USED =~

FREXYSERPAUG

CLaTUVUVUUUSF PP PPULULLLWOLRNRNRNNANNKNNNESR R P CCCCcCCCCCcCoCcOCcCCocCccCc O

-

-

—
QNSNEF N UUHFNUS S YENUYPAPLOUNVU PO WARNNCOVY S0 UWRNRAF R OCNCVMUUPUROULRANRNEFFrCCCGCCOCC

[y

-

~
ANAO~NCC LWL, VOV OLUCOOWNACPFCyuTHPOVFOI P FIOUNOCLEHFLWE WO C NP
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-

- - -

>

o

-

[
@+ w

e e »r -
PHECHODC NN

DOES NOT EXIST LUT HAS

33.88
16.84
11.65
4l1.26
i7.43
10.91
11.55
6453
7.53
10.54
12.77
12.83
10.97
20 .85
5% 4
881
14415
23.80
14.74
10.2¢
20.37
1046
9.62
11.92
15.39
22.00
16.53
9.852
l4.44%

12.97-

1177
24440
8.92
.20
35.92
6.d80
6.99
.25
T.72
10.13
T.33
42.9¢
12.93
13.32
15.00
24+55
11.390
12.37
9.75
9.18
11.53
.75
1oe9i
B8.91
G.01
1i.34
17.¢28
B8.638
11.54
12.53

7.5800
242500
1.5900
1.1800
0.8000
3.4200
1.7400
4,270V
2.0100
1.3000
1.5890
1.3400
L.ub0u
1.2400
1.6500
1.770
0.3400
C.6800
1.0700
1.1700
441400
240500
1.5700
2.2300
13300
1.2400
1.4000
1.2000
1.3000
1.3700
1.0500
2.1700
1.5600
1.7360
242500
2.3500
2432600
16700
1.8100
141500
2.7650
1 +3200
1.5100
lo44l0
1.2100
C.55uC
1.0800
1.34060
1.2700
1.3300
1.2800
1.18890
1.2200
1.47C0
1.4700
1.1900
Qeb400
1.4300
11300
1.03C0

coLoccocoOoCCco

N TV UM VUUUW SRR DEPLWWWWWRNNNMNNMDNNN e s = e 20D CCc 0 C L C o

-—

WMN- LUV AP LPONV TV IVUDRWNNNOIUVUDWNNNM I OOV UVS PO WNRNNN OO OO0

-

NCNE

SI1ZE=(24208,43152)
BEEN ADDED

=

I

e

-
L0 OCONPC NP DP U

> - — . bt gt
E L VN ~N W= O

=

—

por

O Pt P CONCOC NP O L CONND PO NN =N OCERCT WO

b g Bt

Fanarn

9.38
530.14
19.48
25.91

5.75
23.33
17.23
20.11
17.92
10.83
17.76

T.74
25.15
13.08
28.00
10.83
3idect
15.99

9.81
25480
33.43
172.93
31.72

8.53

8.0¢
12.92
14.32
12.62

3427
11.63

5.70
2813

$.53
10.37

5.06
21.49
21.62
172.05
1C.5¢6
16.59
250400
14.35
25415

7.65
16.65

Ye30
14.47
19.43
10.21

b.l9

9.52
25.50
12.93
14.06
144531
10.70
12.79
14.52
11.94
11.40

TG CATA SET

4.5500
1.5790
1.2400
J.ST00
7.6000
2.1300
1.3700
1.95un0
l.1800
1.1J00
1.3000
1.7/(00
1.6100
lL.Cro0
1.2800
1.26.7
1.27¢0
0.8YC0
1.3409
0.75C0
2.89060
1.6330
3.1000
2.25C0
1.85C0
1.4100
1.455%
1e533¢C
1.5220
1.217°
1.4300
1.8500
1.7400
1.31u0
2.2300
162100
1.2400
1.6329
1.2500
09300
1.5472
$.9400
1.2200
2.0300
1.0J00
1.3 400
L.5220
31.0700
1.2107
17500

1.0+00
L1037

A S P

cocQoo<T

<~

VI NT AV PP PP PPV OWWLWNRNNNIVININNON NI b e i e e = = O D20 C D20 CO0O

cooo

.

WV VDN E NPV O a VNP PRPRNGPDPIPVWO YN DPWLNNINNNOUWVMS WYNNA O ~NOVUD PRWWUIINNEH~OOOO

21.16
61497
23.52
13465
11.49
5467
be 69
A1
7.80
12.25
8.39
14,494
22.74
8. 85
22.04
2Yat2
14.03
11.73
k]
12.09
7.8
11 .53
2Be672
12.06
7.26
G.Ah8
16.34
12.20
Q,12
R.22
15,30
28.70
21.60
33437
G2
3.54
12.07
9.12
18494
11.25
8.5%
231451
12.43
1..58
13.06
12.59
11.01
13.83
13.270
16.39
12.5°
18.14
V0. 85
19.73
10445
10.385%
1.1l
18459
Zbebl
=-1l.4%

-

Lt

f—]

RN
VN~N=UVFO0NSLENNLLLOVVMOANIDPNRO XN WX PEINDIFNPAV =T NOVINNND O W

v

el
DWW N D e

o)

YSTEM

2.8600
23200
1.1500
C.9600
ERR S
Z.3200
5.7300
2.RAMQ
1.8200
17600
1.2600
1.0600
1.4500
142000
1Te1%300
o210
1.2500
L.4100
l.560n
C.%000
3.2800
1.9200
246000
la5200
3.2500
6200
221
4700
+2500
LT
2.7200
1.6600
1.3¢00
1.0800
2.0E0D
1.7700
1.4200
1. T74070
0.9800
1.1100
1.2900
Y.6500

- L

* 4 s

) et e v

v.2100
1.1600
LelA0N
0.4%200
J.8400
1.1600

LOG

2) . PACKEM computer pro-
gram cutput.
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THIS IS CYCLE 4 0OF SEKIFS 8 FOFR IN A CP2HZ H20S RACK UN PFROLD, 4HZN AT .27 37 37

USING FOBS ABOVE 0.0 AND REFLECTIUNS wWITH 3IN THFTAZLAMADAY DELOW  Jos& ©7
H K L SINML KFOg FCAL €nsa SIvA NELT A ATHRESINSD
Jg 0 1 0.04] E4a25  1iT.45 L0000 0.0 -83,40 s3,703
0 o2 G.0b2. 17.75 29,68 =1.0 A ~11.R7 1.7021
J 0 E} 0.2 0.5 ta, 07 1.0000 0.0 0L e PR EES
) 0 4 0.1565 21,94 27.97 1.0000 0.0 3497 0. RhG
= ; 5 ",z 87416 Tr.a7 1.0 %0 a0 ~13.27 B I
v 0 6  0.7647 117.52 107.0° 1.0000 0.0 A S L6ATY
J o] 7 0.7 72 .09 12.T70 -1 eU0UY Q.0 Ve dR Ce kT
. Y L.322 36.94 21,01 AR 0.9 .75 EINERVAN
V) o 9 Ca3lV 44,60 58,08 1.0000 0.0 ~13,47 38,7670
0 0 10 0.41l 78.25 78.47 1.0000 040 -n.23 N1
: ¢ Oetf3 49,14 SL,77 1.06090 2.0 -5, Ve 7.480°7
0 0 14 0.%87n I5.89 29474 140000 0.0 - 3,04 22,0437
0 0 le 0.603 23,06 4,37 1.7 A -1,27 N ATAL
o i 1 0.05% 040 27.R7%¢ =1.00)0 0.0 10,97 0.57786
0 i Z 0.09% 21.37  =1.0090 0.9 0.47 : 0.0032
. 1 3 .13 17.62 Ve v et 2.7 rLnGe
0 i 4 0.170 29037 =1.0000 0.0 i4.8 1A, 8EQY
V) 1 5 S B 4037 =1, K 6.35 11500
0 1 6 V$I%d 20,08 1.0000 0.0 AP 0.2040
0 b 7 0.294 385,00 =1.0000 0.0 ~2.57 0. 721"
: 2 2 D.l16 11,16 BRI fe 1,87 0.2745
0 2 3 0.143 2.90 =1.0000 0.0 10.05 T.5398
0 2 4 D.18% B8,62 -1.0900 0.0 2.%2 PR
- 2 5 ag2? 13,79 ~3.0000 C.0 -1.97 o 0.1i®1
[ 5 0.%59 15.57 =1.0000 0.0 - .79 0.n1 47
oz 3 L 378 40.42 —1.n AP ~6.43 TS
N 2 10 0.420 17.%2 0 =1.,0000 0.0 S ¥4 0.¢577
o 2 i 0.460 19.728 10000 0.0 0.7° 0.0873
0 2 14 e Sn2 21.76 =1l.700 R ~1.22 N.2279
0 25 0.140 1heBS  =1.0000 0.0 G.Ta 4,078
0 3006 0.276 37.45 1.0000 0.0 -e.23 75657
: 3 7 E 35,00 T et ~2.24 0.8730
o 3 3 Thaia  =1.0000 2.0 ~0.45 0.0%60
U 3 9 28,560 =1.00)V 0.0 -4.27 2.3166
. 31N 10.50 1.0000 0.0 4R 1, 5498
o 2 1 25,75 1.0090 0.0 I g 0.722¢
0 300L% 1643} 1.7 0 S 5.5 G. 787
0 & & 37 41.27 1.0000 0.0 &L 4D Lo 67RE
0 -« 5  0.262 45,68 1.0009 0-0 -2.37 0.7 14
3 A 7 1,332 37.4° S IR AT 2.1 O
0 4 32 0.520 24,09 =1.2200 0.0 0.77 0.1728
J 4 14 Q.52 12,04 1,000 0.0 474 A.7028
] 5 5 3790 113.95 1.60090 0.0 -31.75 0.7 06
0 5 <] 0.321 47 45 7. 000D Q.0 Re65 Ca 4257
, 5 7 14354 L31,.63  =1.0009 0.0 0.37 0.905¢4
0 5 8 0.3868 16.99 1.0000 0.0 ~0.28 0.C070
0 5 30 0.460 21.%3 Lannnn 0.0 -1 08 ~.2526

3). FMLS computer program output (1/73).
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o

5 8 04397
5 3 0.431
5 11 V. 504
7 9 0.476
7 14 T .643
8 3] 0.473
g 32 0.623
3 3 Ya2uk
3 4 U460
3 7 0.327
3 8 i a5T3
3 4 Q.€u2
& & Va253
3 6 0.222
4 7 0.354
4 12 L5535
5 6 0344
5 7 C.275
S 5 a7
7 7 Vetlo
7 9 0.435
7 ~e ST
8 8 0.482
3 9 0.%11
8 14 Va5
9 12 Datich
[3 4 "eeH5
4 5 0.317
4 3 04403
4 g NL427
“@ mn 0.50
4 13 V.533
4 14 d.62L
5 7 0,290
s 11 Ve S24
3 7 Q.47 2
7 7 Oet3n
7 3 N lhT
8 10 0.8%2
¢ 9 0.549
17 12 (RN ET
5 5

5 6

5 7

5 3

) 9

5 10

5 11

[ &

& 8

6 11

7 9

7 10

ISt

B 12
13001

[} 5

6 1)

7 L0

1 11

7 9

T 11

T 1+

8 3

& 14

[p] '

TL.0000
-1.0000
1.0000
1.0000
LI Saaline
-1.0200
1.0910
-.} . S
140000
1.0020
_7"\)«)"

L0000
~.OOLO
PNy

"UJ
[SIVI9 )
:OO””

<2000

L0090
L0000
PR R
<2020
L0000

RATIRTY

- UQu0
JOOO

-
-

L0000
BVAD]
TeJ000
=1.0000
_1 PR AT
~1.0002
[S I N]
R
1.00090
1.0009
-1.0000
.Jou)
s
L0000
. 000D
Yo
.00
U)O)

A

i
l.
3
1
1.
1.
1.
’
1
‘
1
-
-1
-
5
1
-1
1

-

i
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.

.
<
<
[e3
)

10009
~1,0097
=1 .0000
P
1.00092
1.0009
Lo
1.0009
~1.0009
1.7000
140000
1.0000
10009
=1.0300
TS B )
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1.0121
0.7002
0.0545
1.3531
Q.3 54
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.e018
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2148
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2605
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L0373
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1728
7047
5305
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5278
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D76
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D NN Y SO =0
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(S PR A
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2133
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- b 7T 10 ©ef30  l6.65  8.0%  =1.0000 0.0 R.&3 0. 6554
- 511 11 D.608 27.54 23,65 1,000 0.0 2,45 4, mcan
/ 7 9 0.550 *5.75 33,47 7.0000 0.0 c .58 D.8%1a
- 7 7 11 0502 21 .83 1 8. 3K -1.0000 et 2.91 1.2333
7 7 1 0.705 22464 20.74 1.0000 0.0 1.9t 0.92¢9
6 8 8 0.570 50.46 52.0° ~1.,0000 0.0 ~1.%& 0.3123
-~ b 8 14 nLT760 22.41 22.35 S R LR Yoo RS TJNEE2
3 Q 3 Oan&t .62 22,51 1.0000 0.0 -0.88% 0.7597
- § « LN A (2H2 H20S BACK ON 2FULD, 4H2U AT .31 31 3%
b Ulmodidal ELEUYNTS (F NORMAL EQUATION MATRIX
B PaRaMzTER T (STALE, G), 29692
A=X \ z-1 11811 R22-R22 f33..p33 RI2- A7 K1 3.AT3 R2.471
T25%¢0Je T l. L4758, ‘. T 533797 . T T
_ X=X YooY [4a¥4 E-8
i 786361, 12721224. 127 2.1462
Le 465028, 1. 12,480
“e 13582420, 1. 16,714 .
leibv37. la 820194, 15.414
i M. 1. T 4.534%
04dUS. i 1. Q.33
ieTo94. T ie 0.7
DELTA G (SCALE FOR SCALC) IS-~0.00020, WEIGHTEDR SUM OF SQUAFES OF RESINUALS IS 40k, 73406
O=LTe X noLTE Y DELTA ¢ DELTA 81l DELTA R? NELTA H32 DELTS 412 NELTA Poa NTLTA RTR
NI VR J.20000s 0.00U002 €. 00U00? 0.00000° 0.00000" 0.00002" 0.00007* 0.0200°"°
DT X VELTA Y. DLLTA Z  DELTA 8 NR CCC
- Yo ie ()b LI IR A [CPRRRE .
Jau ~0.0000 Y 0.0 0.0098
Jau NIRVE TN NS 0.000066 0.0075
Cewdy 3l el TG NIRRT ~J.0536
Juu 0.0 0.0 0.3074
~Uavuulth ~0.200286 ~U.00U2A0 -0.2%30
—ieJcUS09 = 0L000569  =0.000559 0.1993
SUM FiuS = 30n3.0 80, SUM /DL F/ = 625.22%, R =0.120398, N0O. N0F REFL. IN LeS. = 175, SL%X = *,4&900
THE GevenallZ8D wWEIGHTED & INDEXK (K2} = ¢.11625 .
.- NORMALTZoD SUM OF SQUARES OF RESIDUALS =  14.478. SQ 8T OF SUY (WTD EESIDS SQM/(# 0OF FXCESS ORS) = T L5064,

(GOOINESS OF FIT)

New Sidte FACTOR FLR FOBS = 1.99679. THIS IS (OLN SCALE FACTOR) TIMES K/(G + DELTA G)a & 1S NOT CHANGED,

ATu4 Nowo X HEW Y NEW ¢ BRIy DR B pe»> or Nce NEW 2333 NEW Br 2 NEW BY7 MEW 377
G L V2313382 JeZi238) 0.213301 V.003385 ve V3385 Te 13235 TetT37e62 TAN3T6? TeTM3TRT 7
Z Jad Ou: 81563 0.3¢¢759 . 0.B245 C.500200 STAL
3 vel Veclll &b 0.500000 da4135 C.250000 ey
& 4 Uell ten' 1382 N3 Nli8eg 1.9743 - Na25T T [BR
3 Jeliodzl 0.1132823 0.325280 B.ut27 0.700000 sy :
2 JeV 0.0 T 0.0 3.3782 0.0720823 IN(2 .
7 Seu35175 e 33175 2euB31TS 6ebF43 Tef12333 HzOE
3 UedU0& 36 0.306416 U.300486 442901 0.083233 H2N2

3). FMLS computer program output (3/3).




{N=& nYURATED NOV. 27, 1972

OXTHJLONAL COURDINATES NF ALL ATOMS

ATOM X CCORD
01 0.0
SIaL 0.0
n2 Fed
3 YRR
. : 03 : ~1.36386
srat Ton

STl 0.0
. SI&L 227404
A : 1.36427

: H201 C.85153
. IN] laBrReT
H23G3 2.80792
Hzn2 2ain4?
. H?!)t§ [ ebr&Q7
H28 2,877
H2O7 R.00044,
- FH277 3.05064
H?04 6.09300
H2T4 4.H532109
H224 b.reenn
Oy . £ .079330
0z 3.5147R
[N e
nE 0.0
H23 =0 .R71HR
TAZ INPOT STANDARD UTVIATIONS FOR THE FOLLOWING ATOM
IN2 0.0
a3 G TPARR

- HZD4 6. 29300

Ly .

s

WERES

MGEOM computer program

Y CAcRND

£L.0a%)0
Loatrly
RoANVLTH
L0202

77

L

6
e
4 0032
VLR,
TLAT s
T

.75

PRI
ALJURDD
3,727
daTATH
258V
S5.0782)¢
2.55176
0.0
S
A3 )
EER TN

=-1.721357
7re ().

THE

z cnoen

2.538A/C
Tel240%
2.614T70
Y 20N
T ARt
2.27%6 46
Lol da()
0.0

G URCRT
T, 2

N e

2,00)207
2

6.07900
£.07809
HJ QRN
L, A2 9
2.55109
T.5628]
2.53449
AL ETLT

cLErean

NUYTONT
1.0
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STENDARD

cutput (1/2).
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STAL
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3
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H2n3
P07
H207
H20:5
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N

ATOM

C BOND AD

1.563516
1.562878
1.66801
1.67¢71
10185
TL.64501
1.676T1
P AAE VRS
P RN
3,5G¢30
2.976372
263745

T2.2R2705

LEARYL
JATATE
JATSTY
ST
(351 4
JALE(OY,
ATHY 2
7n2a8
246302
L 50287
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115713
2032
37537
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. 57208
HT9IR
7026
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1T
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3t 3
LARATIL
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AR ST 0 A3 Sy
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D.uusT73
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APPENDIX C




acetylene « o o
calcium nitrate . .
chromic nitrate « .
cebalt nitrate .
cupric nitrate .
gold cloride . .
ferrous sulfate .
manganese parchlorste
selenium . . .
silver nitrate o
sodium‘aiﬁminate o
sodium mztasilicate

tellurium e o o

triethanolamine o
zeolite A e o o

zinc nitrate e e

4 -
emical
° o
® .
3 °
o e
° °
3 ©
3 .
® ®
< °
@ 3
° °
L] ]
e °
° °
° ©
° °

59.6% pure, Matheson, Coleman & Bell

f

crystals, Mellinckrodi Chemical Works

reagent crystals, Mathason, Coleman
& bell
Matheson, Coleman & Bell

J.T.Baker Chemical Company

reagent grade, Merck Company

JoTo.Baker Chemical Company -

The G.Frederick Smith Chemical Company

powder, A.D.Mackay lnc,

reagent crystals, HMatheson, Coleman
& Eall
Research Crganic/lirorganic Chemical Corp.

Research Organic/lnorganic Chemical Corp.

% pure powder, Mathascn, Coleman

Matheson, Coleman & Bell
powcer, Linde Company

crystals, FMallinckrodt Chemical Works
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