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GENERAL OBJECTIVES OF OUR E LECTRON DiFFRACTION PROGRAM

The tollowing brief outline of our electro diffraction research efforts will serve
as a framework for that portion which is supporied by the Office of Naval Research.
Our studies may ve catalogued under {ive headings, of thesc ONR has supported
specifically ftems 1-4. and 10 is evident that as a consequence of this support our
uvverali effort has been considerably eal unced
i13 Development of techniques: This ircludes {ai the ""checking-out' and improvement
in the operation of our new electron diffraction apparatus. both in the. :onvetrgent
incidence' and '"paraliel incidence' modes. b the consti.ction and testing of elevated
temperatise sample holders and nozzles; /c¢i ewtension of our computer programs
‘currently in process of changirg from CDC 1604 to ar IBM 360/65; and {d) the
conversion of our microdensitometer to digitized operation so as to achieve increased
precisicn in the measurement of photographic density at specified diffraction ring radii.
:2) The calibration of sectors and m2asurement of atom form factors are closely
coupled. To date. ail electron diffractionists were forced to accept calculated atom
form factors for Ar or He to caliorate their sectors. We ace in process of testing
an experimental procednre in which these twe functions can be optained separately. It
is based on precis2 meas'irement of the scattering by species with the same formula
weight but different molecular weights. such as C,H,. C 4H 4 and CGHG’ the geometric
struactures of which are known with consigeranle accuracy. For this set of <xperiments,
the parallel mode of operation is patvticularly favorable since it permits us to obtain
scattering data at low angles of diffzaction
{3, Determination. of the structures of selecten compounds for which no structural data
are availazle. These studies favor species which ace outainable at elevated temperatures
’MX4‘p§ and of radicals -for example VF‘ and SOsF‘.

4% Determization of the structures of species whicea can be prepared only with the

admixture o co-products. the striciures of which are known  fr. these cases our



minimial acceptable standard for preclsion will have to be relaxed (for example, KrF2

in the presence of SiF; HsB Q,, in the presence of H

4 373 2)'
(5) Determination of the structures of strained ring hydrocarbons, and rationalization
of these results in terms of empirica! expressions currently used for estimating

energies of specific conformations.
PUBLICATIONS
An Electron Diffraction Study of the Structure of NF2 and N_F,, R. K. Bohn and

274
S. H. Bauer, Inorg. Chem. 6, 204 (1967).

An Electron Diffraction Study of the Structures of cls and trans Difluorvdiazine,
R. K. Bohn and §. H. Bauer, Inorg. Chem. 6, 309 (1967).

The Molecular Structure of Perfluorodlazirine, J. L. Hencher and S. H. Bauer,
J. Am. Chem. Soc., 89, 5527 (1967).

The Structures of C6’ Bst and 03N3 Ring Compounds, S. H. Bauer, K. Katada and
K Kimura, L. Paullng'e 65th Anniversary Festschrift, Freeman and Co., (1967),

pp. 681-697.

An Flectron Dittraction Study of KrF2 and Comr2nts on the Structure of XeFG,
W. Harshbarger, R. ¥. Bohn and S. H. Bauer, J. Am. Chem. Soc., 89, 6466 (1967).

The Molecular Structure of Trimethylenecyclopropane, E. A. Dorko, J. L. Hencher
and 8. H. Bauer, Tetrahedron, 24, (1968).

Revision of Structure of SOF A’ J. L. Hencher, D. W. J. Crulckshank and
S. H. Bauer, J. Chem. Phys.,

PAPERS SUBMITTED FOR PUBLICATION (or In final stages of preparation)

Structures and Conformations of the Cyclohexadienes, H. Oberhammer and S. H. Bauer,
submitted to the J. Chem. Phys.

The Structures of Norbornane and 1, 4-Dichloronorbornane, J. Chiang, C. F. Wilcox, Jr.,
and S. H. Bauer, submitted to the J. Am. Chem. Soc.

The Structure Tricyclo[3, 3, 0, 02’ 6]octane as Determined by Electron Diffraction,
J. F. Chiang and S. H. Bauer, submitted to Trans. Farad. Soc.

The Structure of 4-Chlornortricyclene as Determined by Electron Diffraction, J. F. Chlaag,
C. F. Wilcox, Jr., and §. H. Bauer, will be submitted to Tetrahedron.



The Structures of Borazine and B-aminooorazire, W. Harshbarger, G. Lee. R. F. Porter
and S. H. Bauer, will be submitted to Inorg Chem.

Re-investigation of the Structure of N2F4, Mack Cardillo and S. H. Bauer, will be
submitted to Iaorg. Chem

The Structures of Boroxine and of N 4«‘CH3}2BH. C. H. Chang. R. F. Porter and
S§. H. Baner, will be submitted to J. Am. Chem. Soc.,

Constructior and Performance of a Parallel Incidence Electron Diffraction Apparatus,
S. 4. Bauer, J. L. Hencler and H. Oberhammer, will be submitted to Rev. Sci. Inst.

Modifications of a Jarrell-Ash Microdensitometer for Rotation of Plates and Digitized
Scarning. S. H. Bauer and R. Jenkins, will be submitted to Rev. Sci. Inst.

Abstracts and tanular summaries of the above papers are attached to this report.

COLLABORATION WITH FORMER COWORKE RS

=

At this time two of vur former postdoctorate associaltes and one former graduate
student have University appointments and are contiraing with molecular structure
investigations. Since thev do rot have electron diffraction units available in their
laboratories we have arranged for them to analyze plates taken in our laboratory. Many
of these compcurnds fit within the NSF sponsored program; however, the following are
of interest to ONR:

Dr. J. L. dencher and his students {Urniversity of Windsor, Windsor, Ontario, Canada).
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Dr. J. Martinez ;John Fisher College. Rochester. New York).
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CONSTRUCTION AND PERFORMANCE OF A PARALIEL INCIDENCE

EILECTRON DIFFRACTION APPARATUS
8. H. Bauer, J. L. Hencher and H. Oberhammer
[To be submitted to Rev. Sci. Inst.)

ABSTRACT

An electron diffraction apparatus for gaseous samples ‘vas conatructed, which
provided the option of irradiating the sample either with a convergent ray focused onto
the recording plate {as is conventional). or with a parallel ray which is focused onto
the plate by two large aperture lenses after the ray had Intersected the gas jet. Whea
the projection lens currents are properly adjusted, the diffraction pattern is focused
at a focal plane (rather than a aphere), and the radii of the diffraction rings are
determined by the lens parameters, independent of sample location or spread. The
parallel Incidence mode of operation has features which are particularly advantageous
for the study of samples which are available at low densities only, and for the re-

cording of diffraction intensities at low scattering angles. :
In the design of this electron diffraction unit particular attention was given to the
following aspects: (i) rigidity of construction and clean operation were obtained
through the use of heavy stainless steel walls which were hydrogen brazed at the
vacuum joints; (ii) low background pressures are malntained during sample lnjéctlona
by means of two 4" diffusion pumps with freon cooled traps. and two cryosorption
panels; (iii) highly regulated voltage and lens current supplies are fully monitored
with high precision meters: (ivi complete circular patterns are recorded on 4 x 5"

plates to permit averaging of the density patterns over 360° plate rotations; ten
plates can be exposed per run.
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Focus conditions, resclution and cor‘rast have met initial design specifications
ir. all respects but one, the fourth lens ia not atrong enough ‘o permit piaraliel ipcidence
operation above 87 kv. Fgr the convergent incidence mode voltages up to 76 kv are
regularly employed. The lfnll range In g which can be covered is 1 to 130 AL No,
significant rmg'elllpticlty has been observed. Severgl sample holders and nozzles
for amblent and elevated temperatures havé !jeen constrycted.
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MODIFICATIONS OF A JARRE LL-ASH MICRODE'NSITOM@ TER

FOR ROYATION OF PLATES AND DIGITIZED SCANNING
8. H. Bauer and R. Jenkins

[To be submitted to Rev. Sci. Inst. ]
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ABSTRACT

A Jarrell-Asu microdensitometer {Model No .23"100) was modified In a number
of respects to provide flexibility of operation and optimum preclsion in recording
densities at specified plate positions. It is used for reducing vlectron diffraction
patterns recorded ond"x 5" plates. (a) A speclal carriage was mounted on the

sample stage: this can be rotsted at about 600 rpm around the center of diffraction,

as the densivy is scanned along a dlameter. The plate emulsion remains within
0.030" of the light collecting prism. {b} A high precision transparent scale with
markings was lnserted In the comparison stage: It's image actuates a photosensor

as the scale travels. The signals, which correspond to 250 of plate motion, are

recorded ag plps along the -recorder paper margin. {(c) Matched RC networks were
inserted In the phototube amplifier clrouits to provide g selectlon of response :
times (minimlial, 8/4, 2, and 4 sec) to match selected plate scan rates. {¢) hagh
Precision cata are collected In digitized form.
For digitized operatioa the plate carriage is driven by a precisior screw coupled
to a shaft encoder. The logic sequence conslists of the following s-teps: advance a
Present number of microns; stop for 0.2 to 5 sec {optionalj; ligh! utensity which
measures plate fransmission is then read land digitized; print the gumber of microns
advanced and the phototube output voltape- advanc;e, etc. After ten such steps the
reference voltage is sampled and printed without further plate position Increment, and

then the cycle Is restarted. Varlous manual options are also available.




PRECISION SCREW DRIVE FOR PLATE CARRIAGE

Key-

a-massive carriage upon which rotaiin~ plate stage is fixed
b, z-precision ground rail bars upon which carriage slides

c-heavy dual triangular block attached to carriage,tapped to receive
coupling screw (k' at d.

f -precision screw, 10 cm long, pitch lmm/turn

g-couple - screw shaft to encoder (k) shaft

h-shaft encoder, 1000 unlts per revolution

j -drive motor. controlled by 'preset pulse number from encoder
k-steel coupling screw, which attache * travel nut and plate to the block c.

£ -spring ioaded rod - to activate limit switch m such that circuit for
orlginal motor drive for carriage remains open unless k is in up position

nv-limit switch in series with eiectrical clutch for J-A motor to carriage
n,. nz-llmlt switches in series with motor j
pl-xnumplug connections - shaft encoder ard motor to control unit

pz-connections to limit swltches

e-dural mounting plate for supporting drive screw. motor, shaft encoder, etc.

fW—~< WOH

gH~<d mmyg=®
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REINVESTIGATION OF THE STRUCTURE OF N2F4
M. Cardillo and S. H. Bauer

[Will ne submitted for puvliication in Inorganic Chemistry]

ABSTRACT

The structure of NZF 4 has been investigated in the gaseous, iiquid and solid phases
by a variety of spectroscopic and diffraction techniques. Recent NMR data for the
liquid indicatec that both the trans ard gauche conformations were present in
approxim..iely equal molar proporiions at about -150°C  The initial infrared and raman
data were interpreted in terms of the gauche conformation only; however, subsequent
detailed analyses showed that both isomers were present, again in roughly equal pro-
portions. A microwave study of the gis phase showed the presence of the gauche
form. Since the trans form does not have a dipole moment no conclusion as to its
absence or presence could be hased on the microwave resuits.

The first clectron diffraction results on NZF 4 obtained in this laboratory
‘Bohn and Bzuer. Inorg. Chem., 6. 304, {1967), were based on photographs taken with
our old apparatus and were interpreted on the basis of gauche form orly These data
were somewhat limited in angular range. and doubt arose subsequently as to the
purity of the sample. In view of the current spectroscopic evidence, a new sample
was obtained for which an accurate aralysis was available. It showed NZF 4 at 97.1%
with the remaining impurities as NZO' C02_. NZFZ’ NF3 and NO. The stainless steel
cylinder and valve in which the sample was shipped from the Rohm and I 1s Gorgas Labs
{Huntsville) was attached directly to the stainless steel inlet wube ann nozzle, i» the
electron diffraction apparatus. The lead tube and nozzie were conditioned thoroughly
by flowing excess N, F 4 through them. Difiraction data was obtaired ov~r tie range
5 < g < 130. and analyzed according to standard procedures It soon became evident that

the new diffraction data could not be interpreted on the assumption that only the pauche

isomer was present. a significant fraction of the material is in the irans form At the
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current stage of analysis of the data a good account of t*e diffraction pettern can be
made by assuming equal amounts of the gauche and trans forms, with the following

interatomic distances

Cardillo_ Bohn
(4] [4]
N-N 1.50 A 1.53 A
(4] [+]
N-F 1.375A 1.393A
LFN® 103.7° 103.7°
100° 99. 0°
LNNF g {103. 50 {103. 5°
t 101°
twist L g 69.3° 69.3

The analysis is being continued. The new plates are being remeasured with the

digitized microphotometer to provide more precise diffraction data.

T
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THE STRUCTURES OF BORAZINE AND B-MONOAMINOBORAZINE
W. Harshbarger. G. Lee, R F Porter and S. H. Bauer

[To be submitted for publication in Inorganic Chemistry]

ABSTRACT

The gas phase molecular structures of borazine and B-aminoborazine were investigated

by electron diffraction. For B3N3H6 twe sets of sectored photographs were taken of

separately prepared and highly purified s;amples The diffraction data, which agreed
well with each other, covered the range 8 < q < 125 A-lg After several siages of
refinement the radial distribution curve was resolved into pairwise scattering con-
tributions for a benzene-like structure, with D3h symmetry ﬁowever, least squares
analysis of the molecular intensity curve gave somewhat lower standard deviations for
non-pianar C

v and C2 models. The D h model is best fitted by the following

3 3
parameters: {B-N) ~1.435% 0. 001A; ‘B-H!:: 1.244=z 0. 00pA; {N-H) = 1.034 & 0. 006A

(0} . R .
and/BNB = 117 0° & ¢.2°% the C3v structure must be rejecled because borazine has no
permanent dipole moment. While the 2lectron difiraction data favor a non-planar time
average structure, the best mode of description is not yet clear. Perhaps other data

can be ut.lized to determine which non-pianar model best describes the molecular

structure of borazine.

In a preliminary analysis of B-aminoborazine patterns, the 133N3 ring was assumed

to have D3h symmetry, and the B—NH2 bond to lie along the ring bisector. The

deduced bond lergths are “B‘N)ring =1.431 £ 0. 005A; 'B-N) =1.4482 0 030A.

amino
Ay Y 2 . — 7 HO' N LY . ¢ 0
{B-H) = 1 154 £ 0. 024A; gN—ﬂpring- 0 935 0 017A, ‘h"ﬂ-’amino' 1.016% 0. 028A.

L]
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CORRE LATION OF C2 WITH D3h

The E'' normal vibrational mode of D3h which generates C2 conformations are
illustrated below. If the planar structure i3 not at the minimum potential, the six

equivaleni C2 structures can interconvert without passing through D3h' as indicated.

- 3

The two lowest fundamental frequer ~ies of borazine (288 cm'1 ard 394 cm‘l) have
been assigned to E'' and A'z‘ , respectively, corresponding to 404 cm.1 (VZO’ Ezu) and

530 cm ! vg Byg of benzene

8

U

o
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INTERATOMIC DISTANCES IN BORAZINE (in A"
Pianar, Dah Non-Planar, C2
1st Set 2nd Set 1st Set 2nd Set
N-H 1.0386 = .0033 1.0306 £ 0044 | 1.0470 = .0031  1.0403 % .0040 :
B-H 1.2486 = .0048 1.2386 = .00S1 | 1.2648 % .0047  1.2589 % .0051
B-N 154349 + .0004 1.4346 = .0004 | 1.4358 £ .0004  1.4360 % .0004
LNBN 117.20°+ .085° 116.94°% .078° | 117.3° ; 17.7° 17.0° ; 17.8°
2. 4485 2. 4455 2.4669 2.4538
N...N + .0026 & .0023
2.4538 2.4494
2.5196 2.5528 2.5094 2.5105
+ 0084 + . 0080
2.5060 2.5059
B...N | 2.8689 2. 86882 2.8674 2. 8662
o 2.8538 2.8543
1(NH) .0679 % 0028  .0780 + .0039 | .0695 £ .0025  .0793 = .0030
£(BH) L0877 % .0048  .0708 % .0057 .0646 + .0040  .0681 x .0041
£(BN) .0683 & .0008  .0578 £ .0004 | .0580 + .0008  .0575 & .0008
2(N...N)| .0867 = .0018 .o0668 = .0015 .0887 & .0013 L0712 % . 0012
2(B...B) | .0867 + .0013  .0868 % .0015
2(B...N)| .0798 & .0020 .06°3 + .0018 | 0803 % .0017 L0689 = .0013
Vg . 0685 . 0778 . 0397 . 0420

Reslidual errors

N A e ——— - o —— -_.;;5‘
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THE STRUCTURES OF BOROXINE AND OF N{"‘HS?BH

C. H. Chang. R F Porter and 8 H. Bauer

[Will be submitted lor puplication ind. Am Chem Soc. |
ABSTRACT

Boroxine is a specic which is anstanle al room temperature 1t can be prepared
only in the presence of excess bydrogen. by expl.ding a mixture of equal molar

guantities of diborane and oxvgen. The products are solid B 0'3 and gesecus H2
1131330'3 Under these condltlons at room temperature the lifetime o1 H3B303 is
about 20 min. By testing mixtures C 6H6 and Hz we established that adequate resolution

can be obtained via electron diffraction acalysis for a 1,9 misture Hence several

and

sets of diffraction photographs of H, 8303 /H were obtained and the data were re-

duced according to the usaal procedures

In the analysis, we assumed that the molecule consisted of a planar 6 -member
ring of alterrating boron and oxygen atoms. Ou the vasis of D.}h symmeisv, the
following interatomic distances were deduced from a least squares analysis of the

intensity partern.

___.x’ ; Aﬂ, : ij - AO.,
B-H 118 = 015 {0. 0835]
R-0 1.377 £ 003 0 0430 = .0013
B..B) {2353 0 0635 = 0030
0...0J lzas
B...O 2.754 0.0604 . 0062
LBOB 120° = 0.5°

A sample of N-dimethylcyciotetrazino borane was obtained from Dr. J. H. Morris
:Kingston College of Technology. England) This unusual five-member ring which
consists of 4N atoms and 1B merits careful investigation. The available infrared

gspectra indicate that the sample we stugied has a symmetric structure

\
\/

The electron diffraction analysis is incomplete. however, it is quite clear that neither

the methyl groups nor the boron atom are coplanar with the four nitrogen atoms.

MR

i

3t
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THE STRUCTJRE OF ¢-CHLORONORTRICYCLENE A3 DETERMINED
BYELECTRON DIFFRACTION
J. F. Chiarg, C. F. Wilcos. Jr. and8. H Bauer

itc be submitted for pariicat on in Telrahedsonj

ABSTRACT

Sectored eleciron diffraction photographs were taken with the sample at room
temperatice. the range In scattering andle was q = 4 to 98. Magnesfum oxide patterns
we re recosded to proide a scale factor Foliowing the usual procedures for photo-
graphic Jdensity calibration and backgroasd refizement. a radial disuribution curve was

ottaizeq fzom the reduced molecular imensity function A model based on ¢ , Symmetry

3
wa3s then readily fitted to tne zesoivvo peaks Theoretical models were charcacterized
ry eight structaral parameters and five vibratioral amplitudes. The remaining
amplitudes were 3et equal to values esperimzntally reported for similar atructures. A

least squazes nrogram for exzor minimization relative to the scattered intensity

conserged to the followizg struciure:

' 0 ~ e .o
(C-Cly_yjag = 1510 0.003A; C-Cig ings ™ 1535 % 0.005A
[¢] o]

(C-Hy, = 1.108& 0.002A, C-CJ; = 1. 762 0. 002A

These Jeometric parametess are brielly compa:ed with comparable distances found in

the parzat hydrocarbon a:d in related molzcules.




mmmmmmhmmnmumm'

02-(?3

01-07

C-H

c-Cl

1.510 + 0.008A
1.535 + 0.005A
1.537 & 0.003A
1.106 + 0.002A

1.762 + 0.00zA

-109.70 .9‘_ 0.2¥°'

| 19.07 % 1.06°

50.29 4 0.83°

18
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cl ("17) ‘

1.763A
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THE STRUCTURES GF NORBORNANE AND 1, 4*DlCHLORO§IORBORNANE
AS DE TERMINED BY ELECTRON DIFFRACTION
J. F. Chiang, C. F. Wilcox, Jr. and 8. H. Bauer
Department of Chemistry, Cornell University, Ithaca, New York 14830

ABSTRACT

The structures of norbornane and 1, 4-dichloronorbornaue in the vapor state as
| determined by electron diffraction, provide geometric parameters (i) for calculating
strain and non-bonded interaction energies in a representative rigid bicyclic hydro-
carbon, and (il) for assessing the influence on the skeletal structure due to sub~
stitution of highly electronegative groups at the 1, 4 positions. Sectored diffraction
| photographs obtained at Cornell University and at the University of Oslo of the
same samples gave scattered intensity which were in complete agreement both in
magnitude and angular scale over the regions they overlapped. The strain energy
‘for norbornane as calculated according to the scheme of Allinger were
compared with the experimentally determined value.
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DISTANCES IN NORBORNANE
Bonded l‘q (A)

CI-CZ’ C3@C4, CI-CB, C‘!‘CG 1:556 £ 0.012

szca’ C5-Cq | o 1.651# 0.015
Cy-Cyr C4=C, 1.559 £ 0.015
<C-H> o 1.115 £ 0. 015
Bridge Angle 96.0° & 1.00°
Flap Angle 108.0° # *.50°
. ; (e} (o]
LHy,C.H , 108.0° % 1.5
O .4 a0
LH,C H, 108.0° £ 1.0
(Assume 6, /6, = 0.90 and 6,/8, = 1.00)
Nonbonded Internuclear Distances
Cy...C, 2.317 £ 0. 020

Cl"'CS’ Cz...C4, Cl.,.C » C

5 4...C6 2.453 + 0.030

c ...C C ...C

CziioC'Ip C3000C7g Csiocc7g CsilOC,? 20411* 00027

C2"'C5’ C3"'C6 2.8?1:& 0.036

2y
0.057 + 0. 004

0.057 £+ 0.004

0.057 £ 0.004

0.080 £ 0.002

0.093 + 0.009

0.083 + 0.008
0.083 + 0.002
0.085% 0.007.

0.086 + 0.009

21
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NORBORNANE

H, Hip
Na‘
|
| {7
‘s A i}LHB
l oo ° H
|‘ '01..’ 4\\‘.$ 1
Hy N | '
03.8° i
s ( ! 5/ ia
3 ‘ D" i ’l"o,
‘ ,r fg-‘ I N
.0. Nf‘ o ~?~~ (]
H, .-~ | 108%"  "==~ol. ]
-8 " | I’ =4 / Hg
H 1 A7 2
2~ 8, . [ _#” ,
b : ' i P> ~ i
: | O 1<
% ] o 8% 6\ &
8 2 ' }}/ 2 ln?
7 -2 . “v
H3 2.24T7 A i HIO
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DISTANCES IN 1, 4-DICHLORONORBORNANE

Bonded Iy
C,-Cy c3-c4,. c{cs, 'cl-és _ 1.556 & 0.011
C,~C4. C5-Cg 1.553 & 0,015
C,~Cy» C,~C, 1.539 & 0.015
@‘H av 1.124 ¢ 0.021
C-C# 1.773 & 0.008
Bridge Angle 92.8 +1.0
Flap Angle 108.1 #1.8°
0, . 64.65 + 1.5°
o, 65.31 & 1.5°
e, 155.30 & 2.0°
¢, -25.40 % 1.8°
Nonbonded Internuclear Distances
Cyee-C, 2.229 £ 0,009
Cyr++Cqr CpeteCyy €peveCpr C4eeCy 2.426 & 0. 009
Cye+Cqr =veeCy 2.459.% €. 010
Cy-++Cqs Cyev+Cpy c’s...c,,, ¢ **Cp 2.435 % 0. 008
C,...C., C,...C _ 2.909 + 0.01!

2°°°78 73 6

C!l. . .C22

5.585 + 0.003A

fyw
0. 058 & 0.003
0. 058 & 0.003
0.058 £ 0.003

0.079 % 0. 003

0.130
0.073
0.077
0.077

0.110
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Contributions to the Strain Energy of Norbornane,
in kcal/mole, according to Alllngerus)

" Bond Biretching 3.85
Angle Bending 7.47
Torslonal 6.14*
Nonbonded Interactions 0.04
Total (uncorrected for reference 17.50
, state) ’
Correction for reference compounds - 0.38
Total strain i7.12

* Of this total 1. 45 keal/mole arises from 1, 4 non-honded interactions.



STRUCTURES AND CONFORMATIONS OF THE CYCLOHEXADIENES
Heinz Oberhammer and 8. H. Bauer

Depariment of Chemistry, Cornell University, Ithaca, Now York 14850

ABSTRACT

The structures of 1, 3-cyclohexadiene and 1, 4-cyclohexadiene in the gas phase
were determined by eloctron diffraction. Interatomic distances and mean square
amplitudes of vibration were evaluated. The structure found for the 1, 3-1somer is
in good agreement with the available microwave data. Of’particular interest was
the mg mitude for thé dihedral angle in the 1, 4-isomer; it was found 159, 3°. cca-
siderably larger than the value derived by minimizing angle strain and non-bonded
hydrogen-hydrogen interactions. Various potentials for non-bonded H...H, C...H,
and C...C interaction were used to deduce a larger dihedral angle, but the
agreement with experiment is not as good as anticipated.
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B, By
1,3-CgHg 25 kv . 066 0. 0035
75 kv .123 0.0103
1,4-CgHy 25 kv 07T . 0045
' 75 kv i . 135 . 0118

Geometiric Parameters for 1, &CGH

8
c,C, .47 % 0,004
C,Cq 1.611 & 0.004 .
C,H, 1.079 & 0,010
CgH, 1.096 + 0.012
£CyC4Ce 122.7 % 0.3°
dihedral <1 169.3 4 0.7°
LC,C Hy 118.7° 1 1.2°
L0;CcH, 164.1° 4+ 4°
LH,CH! 109.8° =z 4°
e 4.8° 2 3°  (out of plane, for C-H bonds on C=C)
£C,C4Cs 111, 9° (derived from above)




audIpoxayo]ok) ¥l |




Cz(l'3

CyCy

C1C

CeCs

CoH,

- Cellg

LC IC 2H?_

LC 6C 1H1
LC 5(! GWC

LC 1€ GH‘G

/
LCSC 6H6

/
£C,C H{
LHCH

676

LC,C.C.**

17676

T##. +*

) ** derived pai'ametars

" 106.8°

0.4,

1,468 &+
1,350 %
1.523 +
1,634
1,082
1.096
120.13°
+

120, 14°

122.0 3

122,0 &+

109, 3°

W »

111.1°
105. 0°

*He.

114.1°
110.7°
18.34°

.014
. 004
.016
.020
.010
.010
0.6°
0.5°
1.4
1.4
4.5°
4.5°
4.6°
4.5°
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GEOMETRIC PARAMETERS FOR 1, S_CBHB

8. 8. Butoher

1.47
1.35
1.50
1.50
1.086
1.10
120. 16
120. 16

124°

122°

100,5°
105.5°
109.5°
109.6°
109, 5°
110.5°

17.5

* torsional angle through which one ethylene group Is rotated relative to the other

about the C,C, bond.
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THE STRUCTURE OF TRICYCLO{3,3, 0, 02’ 6]—OCTANE AS DETERMINED BY
ELECTRON DIFFRACTION
Joseph F. Chiang and 8. H. Bauer

Department of Chemistry, Cornell University, Ithaca, New York 14850

ABSTRACT

Tricyclo[3, 3,0, 02' 6]oct.ane was prepared from cis, cis-1, 5~cyclo-octadiene by
mercury sensitized photoisomerization. Sectored diffraction photographs were taken
with the sample of 0°C. With 70 kv electrons the recorded patterns covered the

1.. The interatomic distances and bond angles in this

angular range g = ¢ to 140 A~
highly strained, rigidly fused ring system were determined by resolution of the

refined radial distribution curve, followed by u leact squares fitting of the calculated
molecular intensity pattern to that observed. Convergence was obtained for a structure
with D2 d symmetry, in which the highly puckered four-member ring has
(C-C)=1.558+ 0. 003.2 with a dihedral angle of 127°. The sides of the five-member
rings are 1.569% 0. 0053 while their bases are 1.516 £ 0. 0102; (C-H)av = 1,108+ 0. 003:. ’
The root mean square amplitude.s were found to be somewhat lower than for less rigidly
bound hydrocarbone. Distortions of the four and five member rings in this octane are

compared with rings in related molecules..
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STRUCTURAL PARAME TERS DERIVED BY LEAST SQUARES TREATMENT
OF DATA FOR TRICYCLO(3, 3, 0, 0* $jocTANE

g1

Ty J
€,-Cy [C,~Cgi Cy-Cyi C5-C,l 1.568 &. 0.003A 0.046 = 0.0024
C,~C, [C,~Cgi C,-Cqi Cg-Cyl 1.569 = 0.0045A 0.046 £ 0.0024
C4-C, [Co~C,] ) 1.516 & 0.010A 0.046 + 0.0024
(c-n),, | 1.108 £ 0.003A 0.082 .+ 0.003
[+]
P 126.7 & 0.3
8 ' 105.8 & 1.8°
0 ‘ 8.8 & 1.0°
Calculated Nonbonded Distances (C...C)

c'-CC!CO--c'c~..C|Cn..c’ .

1773 "1 "4 "3 76 T4 °} 2.433 + 0.0027 0.0757 % 0.0015
czbc-C7l Cz c.csu cs -|C7! Cs'.' -cs
C,-+-Cqs Cq-..Cg €y ..Cyp Cy...Cq 2.368 & 0.026 0.0715 & 0,0030
Cg---Cq» Cg..Cy €, .Cqn C,...Cy 3.765 & 0,030 0,0715 & 00030
Cy---Cq Cye-.C 2.077 & 0,020 0.0593 & 0.0038
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DESCRIPTION OF PROGRAMS USED iN E L C TRON DIFFRAC TION DATA REDUC TION

CALIDR - Voltage readir.g and the MgO ring radii are used as {nput. The program.
caicaiates a trial wavelength and sampie-plate distance. The program then refines ‘

these patameters by the method of steepest descents.

DIGIT - Input conasists of digitized data from microphotometer. the wgvelength and
sample-plate distance irom CALIBR DIGIT locates the « 2nter of the diffraction
patiern and then interpolates densities to calculate the optical density at integral

values of q - 4Q/\.5né&/2

ODTOI - Input is a series of equally spared points on the curve DL vs DD [DD is the
optical density of a dark plate and DL the optical density of a light plate ] The
program then determines, by least squares the power serles ~oefficleats of the
cuarve
LsTENS - Input is the optical density as a tunction ot g from DiGIT plus the co-
efficients of the power for DL va DD from ODTOI  {sing these. the program
calculates the scattering intensity vs density for the dark plate. Output is intensity
vs g
RADIAL - Input consists of the intensity as a function of q. and a normally drawn-
in ¢rial background. The parameters bond tengths. valence angles. etc.) for a
triai model are also inserted into the program. Additioral iapu: are the mean square
displacements and the form factors For this trial model an R i. j) matrix is
calculated, which in turn is usad to caiculate the molecular intensity curve M(q)
the nuclear intensity curve MO q). an: the difference which is the electronic con-
tribution 10 the scattering intensity N:q At the same time the cxperimental intensity
curve is calculated from the equation EM-q) - }l: eZiz : Ziv 11.q./Biq - 1]. where
Z is the atcmic number. I,q: the intensitv. .nd B.q) the background.

In the next step the correlation vackground is calculated from the equatiion

/. S _
CBACiq) = I;_q’;/f[{M{q)/f ile + zij.}+ 1i. This is the background which would be
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obtiir.cG Wois 10 tapat model entirely correct and there were no exiraneous scattering.
It is usetul fur finding the best experimestal aviground
The ra&ial distribution curve {3 then calculated. The RES factor {a scale factor
defined as the ratio of the theoretical intensity to the experimental inteusity) is
calculated for the LVL .or HVL) data by integration of the thaoraétical intensity, lnté-
gration of the experimental intensity. and taking the ratio of the two. The RES
factors for HVL, and HVS data are then found relative to the LVL RES factor by
comparing data at the splice points. Then the experimental nuclear scattering is
computed b substracting the theoretical electronic scattering
Afmm the experimental molecular scatteting.  Since the dava do rot extend to ¢ = 0,
the theoretical nuclear scattering is then spliced-in up tc imia for the LVL Datg.-
This carve is then Fourier Inverted. At the same time the theoretical nuclear
scatteriag 15 Fourler Inverted providing a theocetical radial distribution curve for
compacrison.
Fluctuations about the base line in the knowa structurless cegions of the radlg}
distritution ciarve arise from errors ia the first trial background and in the data.
These fluctuations are then Fourier Inverted thus providing corvections tc Jhe

initial trial packgrouad.

ROTRAD - This program performs the same operations as program RADIAL, but was
written for molecules which ha-e internal rotatioas with a low barrier. "The major
difference is that instead of using one model. a weighted average of a sequence of
models is computed. The weighting used dependis oz an assumed potential function

for rotation

MIXTURE - This program performs the same operation3 as program RADIAL byt is
writter for a mixture of gases. The program averages over the models for tbp

different components weighted according to their corresponding mole fractions.

MODE L - After the experimental intensity curve and esperimental radial distribution
cur~e have been found, this psrogram is used as an alternate route to compute

theoretical curves for comparison. in the samc marner as in the program RADIAL.
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Theoretical radial distributions are calculated vy & superposition of Gaussi : functions,

whereas in RADIAL the functlon is derived by a Fourier Inversion.

ROTOR - This program bears the same relationship to MODE L as ROTRAD bears

to RADIAL

iSOMOD - This program bears the same relationship to MODE L that ISORAD bears

to RADIAL

MIXMOD - This program bears the same relationship to MODE L that MIXTURE

bears 10 RADIAL

e o

cations with the above programs. the experimentai and theoretical curves agree
fairly well. At this point program STRUCT is us=zd tc optimize the data by least
3qaares. The program uses the molecaiar inteasity curve kM ¢ a3 its basis for
tivung This is a more reasorable choice than the radial distribution curve since

it is closer to the raw experimental data. A corentional differential least squares
technique is used A cocrelation matrix and az e:ror matrix are also calculated.
Standard deviations for all the geometrical parameters an1 mean square amplitudes

are calculated.

ORTEP - This is the Oak Ridge Thermal Ellipsoid Plotting program. Input consists
of the cartesian coordinates of all the atoms. aod man« apegificatiéns as to how the
picture should be drawn. Output s a lavelied d;awing of the olecuie. drawn in
perspective.

VSEC - This program, written by Shell Research. solves the normal coordinate-
vibration problem. Input consists of cartesian coordinates of the atoms and consiants
for a Urey-Bradley force field. Output is a -olation of the secular equation and

the mean square displacements for all atom mirs This program provides a useful

correlation of our data with those doing research in infrared spectroscopy



