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Nuclear Magnetic Resonance Spectrometry, like infrared,
Visible, and ultraviolet spectrometry is a form of absorption
Spectrometry. Certain nuclel can absorb electromagnetic
radiation in the radiofrequency range. These nuclel are
able to absorb this energy because they "spin" about their
center axis generating a dipole along it. Protons are among
those nuclei that absorb radiofrequency energies. 1If a proton
is placed in a magnetic field its dipole can be in one of
two possible orientations. It can be in a low energy state
eligned with the field, or a high energy state aligned
against the field. In its low energy state, a spinning

Prot.n will precess about an axis at a particular frequency.

(Figure 1).
A

path of precession‘“me:*

proton in a msgnetic field, dipole aligned with
the field.

Figure 1.



If external energy of a frequency attuned to the precessional
frequency is applied to the system, the proton will "resonate"

and flip into the higher energy configurstion with a dipole

aligned against the applied megnetic field. The change in

magnetic susceptibility in this process 18 detected by the

Spectrometer and is shown as & peak on a potientiometric

recorder,

A complication due to the rate of energy loss by the

excited protons has proved to be very prominent in this par-

ticuler study. Normally, the excited nuclel lcse thelr excess

energy to their environment by & Process called spin-lattice

relsxation. The rate of this energy loss 1s inversely related

to the width of the peak determined by the nuclei. In solids,

the ~rocess is very rapid and should result in a very narrow

peak., In liquids, the process 1s not so rapid, but it is

sufficient to give peaks of usable width. When a compound

is in solid form, a second DroCess Decomes effective. In this

brocess, the excited nuclel are able to pass thelr excess energy

to escn other with no net loss. This spin-spin relaxation

causes the peak to broaden ©o such an extent that it is nearly

useless from the standpoint of structure determination.

If a proton is in a megnetic field, the electron cloud

surrounding it will also feel an effect from the aprlied field.

These electrons will begin to circulate and create a second

field just s@@icurrent in e wire. If the magnetic fields

are considered as vectors, the nucleus "sees" the resultant

of the aprlied snd induced magnetic fields. If the nucleus
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"sees" an overall effect less than the applied field, it is
said to be shielded. If the overall effect is greater than
the applied field, the proton is deshielded. FProtons in diff-
erent environments are effected to different degrees by this

induced field. The degree of shielding or deshielding is

measured in reference to a standard tetramethylsilane absorption.

Shielded protons absorb energy in a magnetic field near or

higher than TMS and are said to be on the "upfield" end of -the
spectrum. Deshielded protons absorb energy at a much lower
field then TMS and are consequently shifted "downfield."
To a first approximation, the effect of the electron
Cloud is dependent upon the electronegative effect of substituent

groups on the molecule., However, this approximation does not

hold for srometic compounds. The protons in benzene absorb

energy much further downfield thean expected on the basis of

electronegativity alone. Therefore, there must be snother

effect causing this large amount of deshielding. This other

effect is due to the electroms which are delocalized into

the pi cloud. Instead of circulating about a particular atom,

they collectively flow around the radiuns of the ring. This

type of circulation causes the induced megnetic field shown

in Figure 2. From the diagram it cen be seen that the benzene

protons are in that portion of the ring's magnetic field that

adds to the applied fileld, thereby causing deshielding. If

it were possible to place a proton in the center of the plane

of the molecule it would be expected to be strongly shielded,

wBia



induced

circulating
sy electrons

i applied magnetic

Figure 2. The benzene ring in & magnetic field and its induced
mesnetic field due to motion of electrons. (1)

and give an sbsorpbtion in the upfield region of the specirum.

Another sromatic compound, annulene (Figure 3) (18 »oi
electrons, therefore conforming to the 2n + 6 rule) demcnstrates
the shielding and déshielding effedt of these systems more

dramatically. The protons on the periphery of the ring absorb
energy 8.9 ppm downfield from TMS and the inner protons absorb

energy 1.8 ppm upfield from TiS. (2).“'This means that protons

on the same ring heve NMR absorbances that differ by 10.7 pom.
Two other points to be mentioned briefly are:

1) The area under a peak due to Qertain protons is

pProportional to the munber of protons causing that peak.

For example, diethyl ether, CH3CH200HZCH3, has two types of

protons and shows two absorbances in 1Ts NHR spectrum. (Figure 4).

oo dfive



Figure 3. Annulene.

One absorbsnce is due to the six methyl protons and the other

is due to the four methylene protons. Therefore, the peak

areas should be in the ratio of 6:4 or 3:2.

2) If the carbon to which protons giving one absorption

are bopded is slso bound to a carbon containing magnetically

different protons, the absorption will be split into one more

vesks then there are neighboring protons. Again using diethyl

ether as a model: the methyl protons have two neighboring

methylene protons, and the methylene protons heve the three

nelighboring methyl protons. It is therefore expvected that the

methyl absorption will be split into three peaks and the methyl-

ene sbsorption into four. (Figure &).
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Theory:

In the light of this background, consider the spectrum of

diphenylmethane. (Figure 5). 1t shows only two types of

absorption., The large pesk at approximately 7.5 ppm (&) is
due to the ten aromatic protons and the smaller peck at 4.0
opm (&) srises from the two methylene protons. The ratio of

indicates thet there are no magnetically different protons

on neighboring carbon atoms.

A closer inspection of the compounds actual structure
Bight give the impression that perhaps the spectrum should

not be so simple. (Figure 6).

H i
4 " 4
A 1
Q‘

H

H H

Figure 6. Diphenylmethane.

The ortho vrotons on elther ring are beta to the methylene

carbon while the neta and para protons are removed by three

P
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and four carbons, respectively. It would seem that there should
be at least three different absorbances for the aromatic protons
since they apparently are not nagnetically equivalent. How then
is the relatively simple spectrum rationalized? One possible
considerstion might be that the methylene group does not exert

much influence over the magnetic field generated by the ring

currents in the two benzene systems. If this is so then the

aromatic protons might all be nearly equivalent. But what

about the efrect of one ring current on the protons of the other

ring? The figure seems to indicate that at least the two ortho

protons sre in different magnetic environments (from one

another), To account for this is the probability that the

two rings rotate freely about the methylene-aromatic bonds.

4s a result, neither ortho proton is in a given position long

enough to be considered distinct from the other. There 1s
Still the fsct that though the ortho protons may be equivalent

to each other, they micht be different from the other ring

Drotons because of their proximity to the magnetic field

génerated by the second rings This possibility might account

for the slight shouldering effect at the base of the aromatic

pPeak. Probably the ortho protons are not different enough to

give rise to s completely separate absorption. If there is

eny splitting, it is surely obscured by the overlapping of
the peaks.

Having rationalized this spectrum by assuming free rotation

of bengene rings, consider what might happen if rotation about

the methylene-aromatic bonds was “stopped. There are an infinite

-10-



Number of possible orientations of rings with respect to one

&nother. The rings are likely to lock into a position with

their planes separated by an sngle of anywhere from 0° to

180°, To simplify the situation a qualitative judgement

On three 1imiting cases of possible orientations.can be attempted.
The first case is that in which the planes of the two

rings are parsllel to the plane formed by the two methylene-

arometic bonds. (Figure 7). The figure shows that there are

five difrerent types of aromatic hydrogens. If one could

Obtain sz spectrum sensitive enough, it should show five ab-

Sorptions. All the peaks would have the same area since trey

@rise from two protons each.
Such an approach cannot be very realistic. What is

more likely is that protons B, C, D, and E are far enough

away from the influence of the other ring to be nearly mag-

Netically equivalent. Thils is not the case with the A protons.

The two are extremely close to one another. They appear so

close, in fact, that it might be reasonable to assume that
1f one proton feels a strong deshielding effect from its

Ting, the other is 1likely to feel the same, or nearly the same,

effect from that ring along with the effect from its own ring,

ndoubly" deshielded. If such is the case,

Consequently being

& peak due to these ortho protons should apovear

,,,,,

much further

downfield than the absorption due to the remaining eight

Protons, and the area ratlos, ortho: meta-vara: methylene,

should be 1:l4:1. For the aromatic absorptions the splitting
Pattern is likely to be quite conplex, since in an aromatic

e
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aromatic system a given proton 1is not only split by a magnet-
ically different neighboring proton, but by all the magnetically

different protons on the same ring. In addition, the effects

of Other ring protons which cause splitting can be combined

in various ways, eachone inducing still more splitting.

To obtain a picture of the second limiting case take one
of the rings from the previous example and rotate it about
1ts methylene bond 90° so that its plane is perpendicular o

that of the other ring and the plane of the tiuo methylene-~

aromatic bonds. (Figure B8). A naive apvroach calls for eight

different absorptions. The area under the F and G peaks

Should be twice that of any other aromatic peak since these
Peaks arise from two protons each as opposed to the other

Sin&le-proton peaks.
lfore realistically one is likely to find that the B, G,

D, B, ¢, and ¥ protons ere almost equivalent. It is difficult

Bo speculate on whether the A and F protons feel any effect
°f ring currents other than their own, and whether this effect
is the same for both or different enough to give rise to dis-

tinguishable peaks. The first option, the A and F protons :

feeling no effect outside that of the ring on which they are
located, would give a spectrum very similar to that of the

free rotation one, since it has all the aromatic protons

€quivalent. This means that it would be impossible to deter-
nine whether or not the rings have actually stopped rotating

&t all. A second poséibility is that fthe A and F protons feel

i, - 1
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Toughly the same influence from opposite rings. This would

result in two aromatic absorptions, in the ratio of 3:7. The

thirg vossibility is that the A and F protons are affected

differently by each other's ring and are both different from the

Teémaining sromatic protons. In this case three aromatic abs-

Orptions would occur in the ratio of 1:2:7.

The third limiting conformation is the one in which both

benzene rings are rotated 90° out of the plane of the methylene-

aromatic bonds. (Figure 9). In an ideal case there are only

three distinguishable types of hydrogens. The three absorptions

Should be in the ratio ortho: meta: para: of 2:2:l.

lore realiscically, the B and C protons are likely to be
elmost ecuivalent and inspection of the figure does not give

&Ny hint as to whether the A protons feel any effect from

the oprosite ring. If one goes on the assumption that the ortho

Protonsg sre free from any effect other than that of their own

Ting, the expected spectrum would be similar to That of the

free protstion swectrum. The possibility that these protons

do feel an influence from the opposite ring's magnetic field

Neans that the aromatic hydrogens would absorb in two different

POsitions., The peak ratios, orthoimeta-para would be 2:3.

It is obvious that any attempt To determine a rotational

isomer from cualitative considerations alone would prove
inconeclusive, ewven if the three 1imiting cases were the only

— ’ -
Ohes possible Furthermore, there 1€ no hope of distinguishing
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one intermediste conformer from others similar to it by inspect-

lon alone.

The premise that NIHR is & useful tool for this study is

based on the calculations of Johnson and Bovey (3,4). They

have compiled & taocle of the effect of the magnetic field

of g benzene ring with respect to position. The shifts they

have caleulated are measured in Dpm upfield or downfield from

the absorption of 2 corresponding ethyleneic proton. For

example, the methyl protons of toluene would be measured

from the reference peak glven by the methyl protons in l-propene.

(Figure 10). Divhenylumethane's ethyleneic analog is allyl

Figure 10. Toluene and its ethyleneic snalog, l-propene.
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benzene, (Figure 11). To reference position, Johnson and

Bovey used cylindrieal coordinates, basing their calculstions

Figure 11. Diphenylmethane and its ethyleneic analog, allyl

benzene.

O two parameterss Using the plane of the ring as a base,

and the center of the ring as ai exis, they tabulated results

Of their calculations in terus of distance from the axis

in the plsme of the ring (rho) amdihelght above the plene

(2). The unit of length used wWas & iping redius", which 1s

1.39 4.

Using simple solid and plane geometry it is possible to
Caleculate the position of any proton in diphenylmethane with
Tespect to either ring in esch of the limiting cases. FProbably
the most useful calculation would be for ortho oprotons of

one ring in reference UO the opposit%'ring.

to feel the greatest effect

More specifically,

for the ortho proton that is 1likely

~18~



from the other ring's megnetic field.

The geometry consists of constructing a series of right

trian&les, and using known bond lengths and angles to calculate

8 series of inter-atomic distances, culminating in determination

of the rho and z coordinates. An example of how this geometry

Works cen be seen in the calculations for the limiting con-

formations of diphenylmethane (Flgures 12, 13, 14).

methylene carbon
carbon of first ring bon £
carbon on first ring ortho to methy

proton for calculation
carbon on second ring bonded to methylene carbon
G = ortho carbons on second ring

mets carbon on second ring

ded to methylene carbon
lene attachment

HaEaEHUQWE

-

nenunnnn

Construct triangle ABJ: angle AJB is a right angle

{ JBA = 1809 - / ABC
JA = AB sin / JBA

gg = AB cos / JBA
= JB 4 BC %
a¢ = (342 ¥ 5c2)3

Construct trisngle CDK: [/ CEKD is & right angle

ﬁgﬁ e ?rctan J?/JSA
= BCD = B
KC = cD Gos / ACD

%F = AC + KC
L = CD gin / 4CP
a0 = (ax? + 5x%)%

Drew lines EI and FG intersecting at He.
Assume that they are perp ndiculars.

{ FEH = i / FEG

EH = BEF cos / FEH

HI = 3pp!

EI = BH + HI

Al = AE + EI
CAD = gretan DK/AK

g BAC = 1600 - e D T
DAE = / BAE - [ BAC - L :

-1
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Construct briangle LID: angle DIL is a right angle

AL = AT ¢os / DAE
DL = 4p - AL

IL = AT gin BA@
DI —— (IL - D..

For the coplanar conformation (Figure 12):

rho = pr1

Z = 0 (both ring are in the same plane)

B . o
In the second limiting conformer, with one ring rotated 90

out of the plane, the distances of the ortho proton from the

nethylene csrbon and from the center of the rotated ring remain

the same,

Construcp trisngle IV angle DMI is a right angle
All AD cos / DAE

I 1‘1 hE . AI".I.

Dif = 4D sin / DAE

For plansr-perpendicular conformation (Figure 13):

mnh

Tho = 1
= DM

For the third limiting case, both rings rotated out of the

Plane, the sssumption that the distance of the ortho proton
from the methylene carbon does not change 1is made.,

The projection of AD on the ¥z Olane is AQ
AD = / BAC + / DAC

88 = AD Cos [ BAD

é HAQ o 180“ - L BAE

HQ = AQ sin / RAQ
4R = AQ cos /7 RAQ
Dﬁ = AD sin / BAD
%D ] DQ 2 2 1
SI = (IR“+ Rs®)®

For the coperpendicular conformation (Figure 1%):

—

I'hO = 8T
] HQ
-21= 3
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These calculations, though not overly difficult, are long
and repetitive snd therefore, well suited for computer use.
Though developmenﬁ of a program is time-consuning, its versa-
tility snd oprecision meke it a valuable tools Firasts eof all,
calculations can be made for a number of derivatives in a matter
of minutes. 1In addition, if the exact values for bond lengths
and angles are not known, the program can be used to scan
a range of possible parameters. The great advantage in this
is that when NMR data are finslly determined, it can be fitted
to the calculation in the range scanned.

The actual listing of the program is Appendix A. Figures
14 and 15 are the flowchart of the logic and a sample of

output, respectively.
Figure 14. Flowchart of linmiting case geometry.

START

~

SET STATEMENT FUNCTIONS,
SUBROUTINES, INDICES,
AND DIMENSIONS.

A4

iy INEUT:  COMPOUND NANE&, BOND LENGTHY
» BOND ANGLES, SENTINEL. /s

~

INITIATE LOOP TO VARY
LETEYLENE ANGLE,




L5 b, .

o)
;'i'tew ,mir};
¥
CALCULATE FOR COPLANAR
CONFORMATION ‘

v

\\QUTPUT: CEQEBﬁNﬁWﬁKﬁEIMESEB'LENG?Eg;;f
-:h\k BOND ANGLES, COORDINATES. ‘

s
’EEEE;TINDEX
7O DETERMINE NEXT C

TION

N
7

S
J >
A planar-per%9ndicular coperpevdicular
[CALCULATE FOR PLANAR-
PERPENDICULAR CONFOR-
{MATION .

increment
CALCULATE FOR COPER~
€1 PENDICULAR CONFORMATION

“~

| INCREMENT METHYLENE
|BOND ANGLE

A
A

yes

SR AR
oy
el ! ENTINEL e
N g R END OF PROGRALZm""
e sg
yes

{STOP )

P25



Figure 15. Sample output from computer

program calculating geometry

for limiting cases.

KNOWN VALUES

XAB=1,5300 ANGBAE=1,9020
XBC=1,3900 ANGABC=2,0940
XCDh=1,0800 ANGBCD=2,0940
XAE=1,5300 ANGFEG=2,0940
XEF=1,3900

XFFP=1,3900

S

CONFORMATION RHO /4

COPLANAR 1,9477 0,0000
PLANAR-PERPANDICULAR 1.0401 1,6468

COPERPANDICULAR 2.9320 1.1461

ﬁ\uoa
‘ 2,2891
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The bond length and angle data used as input for the pro-

g€ram is mostly based on inference and assumption. Values avail-

able for known compounds (5) were modified to fit the diphenyl-

methane derivatives for which no eXperimental date were available.

For example, the sromatic C-C bond length in divhenylmethane is

assumed to be the ssme as that in benzene and toluene, the

methylene-aromstic bond length 1s taken to be the same as that

for 3,3 dichloro 4,4 dihydroxydiphenylmethane. (Figure 16).

HO

& &
Figure 16. 3,3' Dichloro, 4,4 dihydroxydiphenyluethene.

Workins with the values ossigned to diphenylmethane, data for
its various derivatives were obtained by inferring that the
'Substituents nhad roughly the same effect on the bond length of
the uninown compoMnds ag they do. on known compounds. For examovle,
if two chlorine molecules are placed on a methane molecule
the remaining C-H bonds are snortened to spprroximately 97%
of their originsl length. (Therefore) it was assumed that for
dichlorodiphenylmethene the nethylene-gromatic bonds would be

a2



Shortened by the same smount. The same general procedure wWas

followeda for all the derivatives usede

Perhgps the most serious insccuracy occurs in the assignment
of values to the pngle made PY the two methylene bonds. Other
than X-ray studies or some other means of determining interatomic

distances and angles, there 18 no way of knowing how the presence

Of the rings on the methylene carbon affect the angle, especially

when there are substituents other then hydrogen on the same
carbon, To accomodate this complication the program is used to

Consider values of this angle ot various points in s ten degree

Tange sbove and below the sssigned value.

With this first progral 1t is possible to calculate the
Coordinates for all three 1imiting cases. Velues for the inter-
mediate cases must still be determined. The intermediate con=-
for the two gsimplest of the infinite

ng is considered to remain

formations are considered

Number of possible sets. 1) One ri
Stationary in the plane of the methylene pond.s, and coordinates
for the second ring are celculated at various points in its

s methylene-aromatic bvond. 2) The ring

rotationsl path sbout 1t
that was stationary in the methylene bond Dlane 1is rotated 90°

y in this new position; the second ring

and considered stationar
is again rotsted about 1ts methylene pond and calculations made

pere becomes gomewhat more involved

&s before. The geometry
then for the limiting casesS.

Cese 1 (Figure 17) ¢
point I 1s the one that will

The ring with its center abt

—28 -
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be considered stationary. As the second ring rotates, the
proton for which the calculations are to be made, D, traces

out 2 circle in svece. The radius of thils circle is length

Dy, the perpendiculer distance from the proton to the axis

of rotstion. The center of this circle is at point Q. The
location of point @ and the length of the radius are both

known from calculations made for the coperpendicular limiting
case. The height above the plane of the stationary ring is the
height above the xy plane. Consider a side view of the top half

of the circle described by the D proton. (Figure 18).

Figure 18. 3ide view of path of rotation for first set of
intermediate cases.

e 1is the angle of rotation that a given celculation is being made
for. Knowing this and the radius, length Dg, the z coordinate
can be determined
z = DQ sin © (1L = DQ cos ©).
The set of rho coordinates for all the possible angles of
rotation is given by the projection of the circle on the plane

of the stationary ring, the xy plane. “The rho coordinste for

-



the coplenar limiting case 1s slready known. The position of

point @ with respect to the center of the stationary ring can

be resdily obtained. Its distance from point I is the hypotenuse

of the trisngle IQR and sides IR and QR have already been determined.
Now, since two vpoints on the 1ine that is the set of rho coordinates
sre known it is a simple matter to determine the equation of the

projection. (Figure 19).

x
w1
¥ oy Dy

//"/]

a s %

P i d

o i i |

Dypo : i1

| 5

® R °On

Figure 19. Frojectlon of path of rotation of D proton on the
Xy plane.

For a given angle of rotation the rho coordinste is the distance
NI. The slope of the line fr.m the projection, D0D18O is

DM - QR
AM <+ AR

D M hes been determined in the plsnar-perpendicular case
Al hes been determined in the plener-perpendicular case
AR has been determined in the coperpendicular case

tan & = (D i - QR)/(AN + AR)

ip =1 sin @
NO = QR + NP
QP = 1 cos @
QI = RI - QF

rho = (W02 + 0I2)%
| S



Case 2 (Pigure 20):
The second set of intermediaste rotational isomers is more

complex than the first. Consider the rho coordinate. The set

of all the rho coordinates is the projection of the circle traced

OUt by the D proton on the xy plane.
been shifted in such a way as to keep the z axis

(Note that the coordinste

8¥stem hss

coincident with the direction of the z coordinate). The pro-

Jection of the circle is an ellivse. If a second coordinate

Systen x'y' is plsced with 1its origin at the center of the ellipse,

the general equation of the ellipse is

- 3y i
22' — x'
PY b2 =1

where s and be are the major end minor axls respectively.

Both of these constants are knowl. The major axis is

length DQ which hes been obtained from the coperpendicular

liniting case. The minor axis 1s length Rl which can be cal=-

Culsted from values obtained from the coperpendicular and planer-

Perpendicular cases. Knowing the a end b values, we can plot
the projected ellipse. Figure 21 is this plot. 1In this diagram
® is the angle of rotation. The specific rho coordinate for this
engle is the distence from the point where the line intersects
the ellipse to the center of the stationary ring. The slove
of the line is san (90° =~ @) and its eguation, therefore is

gt = [Ean(90° = ©)_7 x'.

BOlving cimultaneous equations gives the point of intersection.

2
Qe e [Eénz (90° ‘= e)_7 X'Z

2 ok
850, R 100w BT AL, ey
b<
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Figure 21. Projection of circle in caese 2 of intermediste
conformations on xy plane. ‘
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y' = [Ban (90° - 0)_7 x'
2 2.1
rho =(x'" + (RS -~ y*)“)2
The set of z coordinates is the projection of the circle
on the yz plane. As before two vpoints on the projected line
~are known. The z coordinate DM for the planar-perpendicular
limiting conformer has been calculated and the z coordinate

QR for the coperpendicular conformer has been determined.

The slope of the line is given by

Di - QR
RN

The equation of the line is therefore

z = Qﬂﬁﬁ_gﬁ y' + 2z intercept

and the y' component is known from the determination of the
rho coordinste. The z intercept, the point where the line
crosses the z axis 1s point @, a distance QR from the origin
of the unprimed coordinate system. The equation for the

projection becomes

z = DMR& Qi y' + QR.

For the intermediate cases, the computer again played a
large pert. With this second program it was possible to set
up a loop to take values of the angle of rotation from 0°
to 180° in increments of 5° and calculate the rho and z coor-
dinates for each. Appendix B is the listing 8f the actual
program. Figures 22 and 23 are the flowchart and a sample

of the computer output,.respectively.
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Figure 22. Flowchart of intermediate conformation prograis

SET UP STATEMENT FUNCTIONS
AND DIMENSIONS

- o9

b T

I{NPUTs COMPOUND NAME AND DESCRIFPTION /
OF PARAMETERS, SUPPLEMENT-

ARY INFORMATION FROM LINITING

CASE PROGRAM, SENTINEL

¥

TRITIATE LOOP TO VARY .|
ANGLE OF ROTATION FOR

CASE 1
Y
e A TVRY NTMAPTRR
e i sk
~
g \COUTPUT: ANGLE OF ROTATION, COORDINATES////

INCREMENT ANGLE
OF ROTATION

WP T g B

—£— 110

INITIATE LOOP TO VARY
ANGLE OF ROTATION FOR
CASE 2




CALCULATE COORDINATES

v

W

< GUTPUT: ANGLE OF BOTATION, COORDINATES 3 gl

INCREMENT ANGLE
OF ROTATION A

yes

Gy

yes
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IPHENYLMETHANE METHYLENE “ANGLE #10 FROM INPUT DATA
.
[ATIONARY RING IN PLANE
L ANGLE oF ROTATION RHO Z
0,00 2,5855 0,0000
B 5,00 2.,5%87 0,1341
10,00 S8 0.2671 R
e 15,00 25380 0,3982 KT N -
20.00 2,5407 0.5262
. 25,00 2.5450 0.6502
30,00 2.5810 0,7692
B 35,00 208y 0.8824
‘ 40,00 248742 N 0.,9889 L S
8 145,00 2,5918 1.0879
~ 50.00 2,6144 1,1786 T 1 1 D e
60,00 2.6771 1.3324
. 65,00 1 L AN 1.3944 oS
70.00 2,7651 1.4458 W [ e
- 75,00 . 2.84k8 @ 1,4862 5 L e
80,00 2.8787 1,5153
. 85.00 2,9442 1,5328
90.00 30147 1,5387
. 195,00 3,0894 1.5329
100.00 3.1674 1.5154 TR e e T
. 105,00 38427 1.4864
' 110,00 7 T 943878 1) T -
120,00 3,4919 1.3329
N 125,00 _34B767 1.4808 == 00000 - )
: 130.00 3.,6466 1,1791
. 135.00 33,7484 7 1.0885
j 140,00 3,7883 T 0.9896 A b
e 145,00 3,8464 0,8832
‘ 150,00 3.9010 0.7700
L issio0 3.9484 0.6510
160,00 3,9880 T L T
.. 165,00 4,0193 0.,3991
: - 170.00 3z 4,080 0.2680 L -
N 175,00 4,0556 0,1350
180.00 4,0603 0.0009
. Co L BN AT 4 ORI SR U e
B Flcure 23. Dample of output from intermediate comormati n
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'HANE  METHYLENE ANGLE #10 FROM INPUT DATA

ATIONARY RING OLT OF PLANE

‘.\

ANGLE OF ROTATION RHO 2
. 0.00 1,6672 1.9103
‘ 5,00 1,6733 1,9080
.. 10,00 1.6913 1.9013

15,00 1,7213 1,8899
. 20,00 1.7631 1,8736
! 25,00 1.,8165 1,8522
30,00 bt 1,8811 1.8253
| 35,00 1,9568 1,7923
~_ 40,00 2,0430 1.7528
45,00 2,1393 1.7062
. 50,00 2,2450 1.6521
55,00 2,3591 1.5898
. 60.00 2,4804 1.5191
65,00 2.6074 1.4398
. 70,00 2,7380 1,3523
75.00 2,8702 1,2573
s @ 0 Bp.00 00 3,0015 1,1561
85,00 3.1292 1,0502
L 90,00 3,281 0.9420
| 95,00 3.3652 0.8338
. 100.00 3,4698 0.7280
| 105,00 3,5641 0,6267
e  110.00 33,6479 0.5347
) 115.00 3,7211 0.4442
e 420,00 200 00 3. 7RG ¥ 0,3650
| 125,00 3.8389 0,2943
e~ 130,00 3,8851 0.2320
135,00 3,9240 0.1778
140.00 ~ 3.9565 0.1312
145,00 3,9835 0,0917
150.00 4,0056 0.,0588
155,00 4,0233 0.0318
160.00 4,0373 0.0104
165,00 4,0477 -,0059
170.00 4,0550 -.0173
175,00 4,0593 -.0240
180.00 4,0607 ~,0263
0049
Figure 23. (contd.)
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With 211 the coordinates calculated all that remeins
is to read the table of Johnson and Bovey, interpolate to
the values determined and obtain the theoretical chemical
shift. In this case too, the volume of data to be handled
dictates further use of the computer. In addition, this
program has been modified in such a way as to allow it to
read in shift values and determine coordinates as well as
vice versa. The -urpose of this approach is that if NMR
date are obtained for diphenylmethene or similar systems
in which all internsl rotation is stoopped, these data can
be matched to possible coordinates that will it the experi-
mental evidence. The same idea can be carried to the first
two programs also. That is, the coordinate values can be
used as input anf possible geometric structures can be determin-
ed. Thie did not permit the modificetion of the geometry
PTOogramse.

A listing of this table-read program is given in Appendix
C. Figures 24 and 25 are the flowchar and sample of output.
The outout sample is for operation under the coordinate input-

shift output mode.
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Figure 24. Flowchart of table-read program.

START

N

SET UP DIMENSIONS AND
COMILON

W

|SET RHO AND Z VALULS ]

w

N\INPUT: JOENSON AND BOVEY TABLE

"

'SET INDICES FOR CONTROﬁ]

PARAMETERS %
L 4
. “\QNPUT: COMPOUND NAME AND DESCRIPTIVE
c > DATA, SHIFT OR COORDINATE
N VALUES b FROSE S L T,
" DETERMINE

MCDE: SHIFT TO COOH-
DINATES OR COORDINATES.~
TO SHIFT

coordinates to shift 4 shift to coordinsates

~41~



SCAN ‘RHO AND Z VALUES
FOR BOUNDARIES OF
INFUT DATA '

W

START SCAN OF SHIFT
TABLE

i

SEIFT VALUES

E 3

v

|
\
|
' tDETERMINE CORRESPONDINGL

INTERPOLATE TO ACTUAL
DATA VALUES

R

N GUTFUT: . COOBDINATES AND SHIFT /"
. 2 ..

SO I A

& o

CONTINUE SCAN FOR CLOSES
"1 VALUE TO DATA. -

R

v

DETERMINE BOUNDARY
REO AND Z VALUES

W

INTERPOLATE TO ACTUAL
DATA VALUES

i
0 ¢

‘ i ‘/ - e
\OUTEUT: SHIFT AND COORDINATES/

ENTIRE
TABLE SCANKNED

yes

\ END
(Ei/ ke 110 ”/gF PROGRAN?
\w
yes
(8ToP )
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PHENYLMETHANE =~ 10 COPERPANDICUL AR

RHO e | SHIFT

2,93200 1.14610 0,19953

Figure 25. Sample output of table-read program .
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Z g, 00 0.10
-15.24785 -15.19186
-15,22949 -15,20813
-15.25697 -15,25100
-15.27543 -15,30041
-15.23423 -15,31473
-15,04181 -15,21565
-14.54548 -14,86221
-13.52070 -14,01601
~11.7179% -12,33471
-9.04120 -9,53817
-5.80966 =5,88930
~2.74135 ~2.42407
=, 46070 . 03960
0.89236 1,21637
1.53350 1,72902
1.74367 1,84663
1.73014 1,77894 N
1.61538 1,63546
1.46392 1.46965
1,30723 1.,30620
1.15941 1.15548 =
1.02586 1,02095
0.90784 0,90285 =
0.80468 0.80002
0.71497 0.71079
0.63709 0.63343
T 0.56945 0.56627
0.50161 0.50787
0.45930 0.45694 R
0.41443 0.41241
0.37508 0. 37334
0.34045 0,33895
—————, 50988 . G.q0848 =
0.28281 0.28169
0.25876 0.25779 2
0.23734 0,23649
0.21819 0.21745
0.20103 0,20039
-l 0.18562 ~0.18505
0.17173 0.17123
— 0.18591V 0.15874

Figure 25. contds

Segment of teble scanned.
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Apparatus:

All spectra were taken on a Varian A-60 Nuclear Magnetic
Resonance Spectr meter with a variable temperature probe.
The probe allowsstudies to be made in a range of -100° to
+ 200° C.

In this particular study the lower temparature range,
- 100° to + 40°, was used. The magnet is designed to allow"
gas to circulate through the samvle area. A dewer of liquid
nitrogen can be mounted on the outside of the magnet housing.
To cool the sample, gaseous nitrogen is pumped through the
liguid nitrogen and circulated through the magnet. Temperature
control can be programmed by a thermistor in the control box
of the probe. (Figure 26).

A more accurate indication of temperature can be obtained
by inserting a methanol sample into the probke and scanning
its spectrum. The spectrum shows two peaks, one from the
methyl protons and one from the hydroxy proton. The separation
of these peaks is directly related to the temperature of the
senple. Figure 27 shows a plot of this relationship.

Reagents used in NMR spectra:

Diphenylmethane Bastman Organic Chemicals (practical
crade)

Dichlorodiphenylmethane  Aldrich Chemical Co.

(N20 1.60%0)
Reagents selected for potential use:

v (2=-phenyl-iso-propyl) phenol Eastman Organic Chemicals
b,4" Methylenebis(2,6 di-tert-butylphenol) »
Bis (2,4 dinitrophenygld) methane "

o 4ot Yibromodiphenylmethane synthesized by Dr. William
B. Martin, Union College

ol
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Experimental Results:

With a resonably solid theoreticel foundation the problem
of determining the lowest energy conformstion of a divhenylmethane
system becomes experimental. Due to the lack of time, only
preliminsry work could be done on this aspect of the problem.
With this in mind, some technigues were explored in hopes of
finding one or two that might prove a reasonable approach. ‘The
possibilities can be divided into three categories: 1) studies
on solutions of diphenylmethene and derivatives, 2) studies on

the neat comnound, and 3) studies using absorbents.

1) Studies on solutions of diphenylmethane and derivatives.

The original approach to the experimental part of the
study was to dissolve the sample in a suitable solvent, reduce
the temperature and scan spectrum. The expectation was that
the low temperature would remove enough energy from the system
to keen the rings from rotating as they do under normal conditions.
By use of a2 solvent as opposed to a neat sample, the system would
hopefully remsin a liquid and therefore not allow the spin-
spin relaxation phenomenon, sreviously mentioned, to occur. The
arometic pesk that is a singlet at room temperature (Figure 5)
was exvected to show some form of splitting under the new
conditions.

The procedure was first attemvted for diphenylmethane 1t-
self using CDCl3 as a solvent. The spectrum run at - 50° showed

no appar¥ent change from that at room temperature, nor did the

one at - 650. At temperatures lower than - 650 the solution began

i



to solidfy. This was characterized by a general broasdening
and flattening of all the peaks in the spectrum, including the
internal reference TMS. This broadening was an intermediate stage.
Ultimately the entire spectrum disappeared when the sample be-
came completely solid.

To give lower temperature capsbilities the solvent was
changed. Svectra were taken as low as = 70O in CSZ’ acetoné,
diethyl ether and n~hexane. The main reasons for these solvents

were that they were a1l low melting (CS - 1120; acetone:

ot
- 95%; diethyl ether: - 116°; n-hexane: =~ 95°) and their
NMR spectrum did not interfere or overlap with that of diphenyl-
methane. Still at - 70° no change from the room temperature
aromatic absorption could be observed. Attempts were made to go
to even lower temperatures, but these were not successful due to
the solidifying of the solution. Besides variation of the solvent,
some varistion of concentration was also attempted in each solvent.
This too proved to be of no experlmental value.

The same approach was repeated, this time using solutions
of &,4 dichlorodipenylmethane. (Figure 28).
In this system there is a greater possibility for steric effects
to stop the rotation.. The chlorine gtoms being more bulky than
the hydrogens in diphenylmethane might block or slow rotation to
such an extent that temperatures above the freezing point of
the solution might sufficiently remove energy from the molecule

to stop rotation. Experimental results, however, indicate that

such is not the case.
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H H

Figure 28. Dichlorodiphenyluethane.

Figure 29, = and b, gives some indication of how a spectrum
ig affected =8 solid begins to form in the sample.: Spectrum a
is a room temperature spectrum of «,« dichlorodiphenylmethane
and b is the same sample at - 60°. Spectrum b is in the renge
between the completely solid and the completely licuid statess.
It is probably more in the liquid area. Were the sample a com-
plete solid, no spectrum at all would be visible.

Future studies of the problem using this apoproach might
gssume a more quantitative aspect. The first suggestion is that
thermsl studies be carried out in vaerious solvents to determine
1) the solvent capsble of achieving the lowest temperatures
before solidifying and 2) the optimum concentration of the
derivative in this solvent. In the first area, the solvent
must meet the reculirements bf low freezing point and no inter-

ference with the spectrum of the compound being studied. The

-
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Figure 29 a. BRoom temperature spectrum of «,« dichlorodiphenylmethene.
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~ Figure 29 b. Spectrum of dichlorodiphenylmethane at - 60 C.
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second consideration requires that the concentration be large
enough so that a readable spectrum can be obtained and yet

low enoughhto prevent the whole system from solidifying.

If the concentration of the derivative is high it can have

the effect of raising the freezing point of the solid substantially.
Too high a concentrastion could give a resulting solution that
freezes before ring rotation stops. Should these studies prove
unsuccessful, a binary solvent system might be developed.

A combinafion of two low melting solvents should give a result-
ing mixture that has a much lower freezing point than either

of the two pure components. Using this mixture as a solvent
for the diphenylmethane derivatives might give the desired

low temperature capabilities. Such a system might suffice

where the pure solvents are inadequate.
2) Studies on neat diphenylmethane derivatives.

The reglon, referred to above, in which the sample is
between the liquid and solid states is of interest in examining
neat samples of the diphenylmethane derivatives. The neat
sanples give two advantages over solutions in this intermediate
state. The first 1s that this state occurs at a much higher
temperature. There is not the amount of instrument instability
which exists when the probe is in the - 50 to - 70° range.
Secondly, with the neat sample the possibility that any stopring
of rotation will be an intermolecular, rather than an intra-

molecular, phenomenon is lessened. The presence of a solvent

6 P



makes it necessary to determine what effect, if any, solvent
molecules have on hindering the ring rotation.

Figure 30 shows a series of spectra over a range of
temperatures. The area shown 1is'the aromatic region of the
diphenylmethane spectrum. For this series, the sample was cooled
to 0° C. and the temperature slowly increased with the spectrum
scanned at 2 degree intervals. The bottom spectrum, 0°, ia
where the sample is almost entirely solid. It remains this
way up to about 12°, 1In the spectrum at this point the very
faint beginnings of the aromatic peak can be seen. This peak
grows progressively larger until it ultimately gives the spectrun
of the liquid at 28°,

Unfortunately time did not allow detailed study of this
method, It is suspected that the temperature range between
12° and 24° might yield some interesting results. In this
area the crystal forces might be strong enough to lock the

rings into a fixed orientation, but not so strong that they

allow spin-spin relaxation to occur to too great an extent.
3) Studies on diphenylmethane derivatives with adsorbents,

A third method attempting to restrict internal ring rot-
ation was the addition of an adsorbent to the sample. The
procedure was to add a small amount of a known adsorbing material
to a neat sauple of the compound being studied. It was hoped
that one of two processes would take place. If the molecule

attached itself to the adsorbing perticle, the particle might
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Pigure 30. cont.
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provide enough hindrance to rotation that the spectrum might
show some of the expected splitting. The second possibility
has to do with the powdery consistency of most common adsorbents.
It was thought that as the fine particles settled in the sample
they might physically occupy sufficient space so that the
rings in the molecule would not have enough room to rotates
The sample would have a slurry-like consistency. The diphenyl-
methane derivative would still be ligquid and hence give a readable
NMR spectrum and the adsorbent would be forming a "semi lattice"”
in which trapned sample molecules are so crowded that rotation
is impossible.

Again, time did not permit detailed study, but preliminary
results indicate that splitting will occur. Figure 31 is
the aromatic peak of a diphenylmethane sample with animal
charcoal added. The one difficulty here is that the TMS peak
(Pigure 32) of the same spectrum is also distorted and seemingly
split into a number of parts. It is this complication that
prevents one from making any general conclusions asbout the

rotational structure based on the adsorption procedure.
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Figure 32.’5 s peak of diphenylmethane-bone-black svectrum.
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Suggestions for further work:

Some possible approaches to continuing this study have
elready been mentioned in conjunction with the preliminary
experiments. There is also some work to be done in finalizing
the use of the computef. The programs are not, as they now stand,
in their most versatile state. Perhaps the greatest single
addition to the table-read program would be the use of a per;
ipheral storage device for the Johnson and Bovey table. For
this either a tape or disc could be used. The latter would
be ldeal because of its rapid access capabilities. The limiting
case program could be expanded to account fdr more than the two
simple sets of intermediastes that it now handles. As mentioned
earlier, both geometry programs might be revised to accomodate
both coordinaste and geometric input data being able to operate
under two modes, as does the table-read program. The geometry
programs might also be modified to calculate coordinates for
all the protons on a given derivative rather than for the
one ortho proton, as it now does.

Once these additions are implemented the final step would
be to interface all three programs. Under such a system one
would be able to do both of the following:

1) 1input: compound description and bond length and
angle data

output: coordinates and shifts for all protons
in 211 conformations

~61~



2) input: chemical shift data experimentally determined

output: possible rotational isomers responsible
for the shift data.
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RESEARCHt GEOMETRY, LIMITING CA #2GF 400«#% PAGE # i

TITLE PAT COM] RESEARCH: GEOMETRY, LIMITING CASES

QRTHO HYDROGEN DISTANCES FROM CENTER (RHO) AND ABOVE PLANE (Z) OF QOPPOSITE
RING IN DIPHENYL METHANE~LIKE SYSTEMS FOR THREE POSSIBLE CONFQRMATIONS

REAL HYPOT
INTEGER NAME(50)

RADIANCANGLE) s ANGLE#0,01745
DEGREE(ANGLE) # ANGLE/0,01745

|

HYPOT(X,Y) = SORT(X##2 * Yaw2)
IF A VARIABLE HAS X FOR ITS FIRST LETTER 1T DENOTES A LENGTH, IF THE

FIRST LETTERS ARE ANG THE VARIABLE DENOTES AN ANGLE
LETTER DESIGNATIONS

A-- METHYLENE CARBON
B -- CARBON ATOM ON RING 1 BONDED TO METHYLENECARBON

{,
[

- C-~RINGI ORTHO CARBON

D--RING I QRTHO HYDROGEN S Lt
E~-- CARBON ATOM ON RING I1 BONDED TO METHYLENE CARBON
G + F -- ORTHO CARBONS ON RING 11

|

FP(FT)-- META CARBON ON RING IT
I -- CENTER OF RING 11

€ INPUT:

65 FORMAT (5041)

CARD1 COMPOUND NAME

o CARD 2 BOND LENGTHS
- CARD 3 BOND ANGLES T AT TR i O Sl L
c " CARD 4 SENTINEL ¢ 4 OR 0 0 ONLY IF LAST SET OF DATA)
- vaEAD(So 10) XAB,XBC,XCD, XAE, XEF , XFFP, I =)
R | ANGBAE ANGABEC, ANGBCD, ANGPEG
10 FORMATceFin 4/4F10,4)
c SET UP PARAMETERS TQ VARY ANGLE BAE « OR - 10 DEGREES FROM INPUT VALUE
[ ANGBAE = ANGBAE - 45,
oD 808 111 &# 2.8 - 0 et Ve
~C 1 AND K ARE INDEXING PARAMETERS USED IN THE OUTPUT SEGMENTS ko
T =0
K = 0
ANGBAE = ANGBAE + 5, ;
C CALCULATION OF DISTANCES FOR COPLANAR CQNFORMEB__M*m‘” LA |
C LENGTH AC METHYLENE CARBON TO ORTHO CARBON ON RING !
C CONSTRUCT TRIANGLE AJBIANGLE AJB IS A RIGHT ANGLE

ANGJBA = 180, =~ ANGABC
ANGJBA = RADIAN(ANGJBA)

~ AC DETERMINED

CALL TRIG (XJA,XJB,XAB,ANGJBA)
~ XJC = XJB +XBC
XAC = HYPOT(XJA,XJC)

LENGTH AD METHYLENE CARBON TO ORTHO HYDROGEN ON RING 1
C ~ CONSTRUCT TRIANGLE AKD: ANGLE AKD 1S A RIGHT ANGLE
ANGBCA = ATAN(XJA/XJC)
ANGBCD = RADIAN(ANGBCD) T ML Tl
~ ANGACD= ANGBCD ~ ANGBCA G o PR
CALL TRIG(XDK,XCK, XCD,ANGACD)

XAK = XAC-XCK
XAD = HYPOT (XAK,XDK)
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. C AD DETERMINED
-4

C
~ € LENGTW Al ~ METHYLENE CARBON TO CENTER OF RING IT
c DRAW GF INTERSECTING Al AT H PERPANDICULARLY

ANGFEH = ANGFEG/2,
ANGFEH = RADIAN(CANGFEH)
XEH = XEF#COS(ANGFEH)

;:
- XH] = XFFP/2, h i e et i
XAl

1 = XAE + XEW *+ XH]
ANGFEG = RADIAN(ANGFEG)

€ Al DETERMINED
i ¢
- t 1 Db 73 -, S B X, S iy
. C ANGLE DAE ODRTHO HYDROGEN ON RING | TO METHYLENE CARBON ON RINGII BONDED
¥ TO METHYLENE CARBON (SAME LINE AS TO CENTER OF RING I]
- ANGCAD= ATAN(XDK/XAK)
ANGBCA = DEGREE(ANGBCA)
E ~ ANGBAC = 180,~-ANGBFA ~ANGABC AL -
1 ANGBAC = RADIAN(CANGBAC)
L ANGABC = RADIAN(ANGABC) - s e s
ANGBAE = RADIAN (ANGBAE)
R ANGDAE = ANGBAE ~ANGBAC = ANGCAD
C DAE DETERMINED
E ¢ Rt It e B
¢
. € LENGTH DI ORTHO HYDROGEN ON RING | TO CENTER OF RING Il (RHO)
c CONSTRUGCT TRIANGLE ILDj ANGLE ILD IS A RIGHT ANGLE

XpDL = XAD=-XAL

F_ CALL TRIG(XIL,XAL,XA!,ANGDAE)
3 XDI = HYPOT(XIL,XDL)

C DI DETERMINED (RHO)
R L i T T e N P
g O st g1 Y
R RHO = XDI
| TG =zo -- BOTH RINGS ARE IN THE SAME PLANE
R o0 .
¢ OUTPUT: HEADINGS ANp KNOWN VALUES : 4 R
| WRITE(66,99) NAME ST R ; 3
99 FORMAT(1H1, 5041///) ¥ =
E WRITE(66,101)
| 101 FORMAT (10X,12HKNQOWN VALUES/7/)
- WRITE(66,102) XAB,ANGBAE,XBC, ANGABC,XCD,ANGBCD,XAE, ANGFEG, XEF ,XFFP
| 102 FORMAT(20X,4HXAB=,F6,4,20X, THANGBAE=,F6,4//20X,4HXBC=,F6,4,20X,
A 17HANGABC=,F6,4// 20X, 4HXCDu s F6.4,20X, THANGBCD=,F6,4/ /20X, 4HXAES, |
C 2F6.4,20X, THANGFEGR ,F6,4//20X, 4HXEF=,F6,4//20X, SHXFFPa ,F6,4/1///77
2 3///17) |
WRITE(66,103)

103 FORMAT(10X,12HCONFORMATION, 20X, 3HRHO, 20X
"¢ RETURN ALL KNOWN ANGLES TO DEGREES

3 ANGBAE = DEGREE(ANGBAE)

| ANGABC = DEGREE(ANGABC)

| ANGFEG = DEGREE(ANGFEG)

r" ANGBCD = DEGREE(ANGBCD)
. Go 70 800
-

L

IR el g
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_ C CALCULATION FOR PLANAR-PERPANDICULAR CONFORMER

801 CALL TRIG(XDM,XAM,XAD,ANGDAE)

C THE ORTHD HYDROGEN DOES NOT CHANGE POSITION WITH RESPECT TO
b g CARBON g o
c CONSTRUCT TRIANGLE AMD i ANGLE AMD IS A RIGHT AN

XIM = XAI = XAM
RHO = XIM

Z = XDM
GO TO 800
C CALCULATION FOR COPERPANDICULAR CONFORMATION
802 ANGBAD= ANGBAC+ ANGCAD

f“["[

s e

CALL TRIG(XDQ,XAQ, XAD, ANGBAD)

ANGRAQ = 180, - ANGBAE
ANGRAQ = RADIAN(ANGRAQ)
CALL TRIG (XQR,XAR,XAQ, ANGRAQ)

g CONSTRUCT RECTANGLE DORS PERPANDICULAR TO THE PLANE OF RING IT

CONSTRUCT TRTANGLE AGD ¢ ANGLE AQD IS A RIGHT ANGLE

Z = XQR

XRS = XDQ

XIR = XAR + XA}

XS] = HYPOT(XAR + XA!l,XRS)
RHO = XSI

GO TO 800

Y* S ahss e LSS S

¢ OUTPUT RHG AND Z COORDINATES
C  SUPPLEMENT IS FOR FUTURE PROGRAMS

“““*‘EEU‘T'**x ¢ 1 B T (e a1

RHO = RHO/1,3900
Z =2 7/71,3900
GO TO (901,902,903),!

. N S—

ITE (66,1 4
104 FORMAT(12X, BHGOPLANAR 21X,F6,4,16X,F6,4)
GO TO 904 o
902 WRITE(66,105)RH0,Z

~ 105 FORMAT (6X.20HPLANAR-PERPANDICULAR.15X}F6.1716YFPETI)W"

GO TO 904

903 WRITE(66,106) RHO,Z
106 FORMAT(9X,15HCOPERPANDICULAR,17X,F6,4,16X,F6,4)
904 K = K & 1

GO TO (801,802,803),K

-

R L LR U e R D JE

225 FORMAT (/////"SUPPLEMENT"//7/"XD0=",F10,4/
1 7 "XQR=",F10,4/
T "XAR=",F10,4/
"XDM=t,F10,4/

"xIR=",F10,4/

RISE ‘FIUI‘I

1

1 - - ——— . [———

1 "XAMz" F10,4/
1

1

1 "XRMs",F10,4)

808 CONTINUE
READ(50,200) SENTNL

200 FORMAT (12)
1F(SENTNL,EQ,0) STOP

GO TU 1000
END
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e SUBROUTINE TRIG(S1,S2,RHYP,ANG) o
C  THE SUBROUTINE CALCULATES TW0 SIDES OF A RIGHT TRIANGLE IF ONE ANGLE AND
c THE HYPOTENUSE ARE KNQWN

S1 = RHYP#SIN(ANG)
§2 = RHYP # COS(ANG)

| TURN
i END
- .LOAD, , NOTYPE
-

|

-

s

|

|

{

F

i

i

~

-

h

|

1
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ﬁEﬁ’"iNféﬁﬂiﬁil?3‘6£§é§”””‘* LA ) susGE 400#s PAGE # I
’(

s TITLE  COMI RESEARCH INTERMEDIATE CASES

e REAL L BT N e

! DIMENSTON NAME(80)

&\_ ~ RADIAN(ANGLE) = ANGLE » 0,01745

v DEGREE(ANGLE) = ANGLE / 0,01745 -

TANCANGLE) = SINCANGLE)/COS(ANGLE)
PT = 3,14189
1000 READ(50,6) NAME
~ C "NAME" CAN CONTAIN ALL DESCRIPTIVE INFORMATION THAT WILL FIT ON ONE CARD
6 FORMAT(80A1)
~ C THESE VALUES ARE OBTAINED FROM THE SUPPLEMENT OF THE "LIMITING CASE" PRORRAM
c QUTPUT
READ(50,1) XDG@,XQR,XAR,XDM, XAM, XTR, XRS, XRM
1 FORMAT (8F7,4)
WRITE (66,2) NAME
C LABELS FOR FIRST SET OF VALUES
2 FORMAT("1v,80A1///"STATIONARY RING IN PLANE"////
1 5X,"ANGLE OF ROTATION" ,5X, "RHO", 20X, "Z")
THETA = =5,
C THETA IS THE ANGLE OF ROTATION
- C THETA VARIED FROM 0 TO 180 DEGREES
Do 100 I = 1,37

~THETA & THETA « B -
THETA = RADIAN(THETA)
Z = XD@ = SIN(THETA)
L = XDQ # COS(THETA)

=

o

-

XNP = L % SINCATAN((XDM -XQR)/(XAM + XAR)))
A SRRV WAE.
XQP = L » COSCATAN((XDM -XQR)/(XAM + XAR)))

Y = XIR ~XQP
RHO = SORT (X#%2 + Y#%72)
C CHANGE RHO AND Z TO UNITS OF RING RADIT
: RHO = RHO0/1,3900
Z = 2713900
THETA = DEGREE(THETA)
WRITE(66,3) THETA, RHO,Z
3 FORMAT(10X,F6.2,10%,F8,4,12X,F8.,4)
100 CONTINUE

WRITE(66,4) NAME
c LABELS FOR SECOND SET QF VALUES ,
4 FORMAT ("1, 80A1///"STATIONARY RING OUT OF PLANE"////

3 5X, "ANGLE OF ROTATION", 5X, "RHO", 20X, "Zw)

THETA = "50
C THETA VARIED FROM 0 To 180 DEGREES
' o0 108 T # 1287 g T
THETA = THETA + 5,
¢ PHI 1§ THE COMPLEMENT IF THETA (THE ANGLE OF ROTATION)
PHI = RADIAN(90,~- THETA)
X = SOQRTU(XRS##2 & XRM##2)/(XRM##2 + XRSww2 # (TAN(PHI)Y##2)))
Y = (TAN(PHI)) » X

¢ S1 AND S2 ARE SIDES OF THE TRIANGLE THAT WAS RHO FOR ITS HYPOTENUSE

1001 81« KIR ~ Y SR
52 = X N
| RHO = SQRT(S1##2 + S2##2)
!\ 7= ((XDM;"’_m, # 1T + AQR
- N ie i e !
4 y T S - R
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C CHANGE RHO AND Z TO UNITS OF RING RADII
43 RHO = RHO/1,3900
44 Z = 2/71,3900
45 WRITE(66,3) THETA, RHO, Z
46 101 CONTINUE
47 READ(50,5) SNTNL
48 5 FORMAT (12)
C SENTINEL IS EITHER ZERO OR ONE
- [F(SNTNL.EQ,0) STOP
50 GO TO 1000
51 END

.LOAD,NOTYPE
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PAT COMI RESEARCH TABLE READ PAGE # 1 PAT FWeeé!
Yy TITLE PAT. COMI RESEARCH TABLE READ
INTEGER END,STOP, GO, CONT,STAY
F DTMENSTON NAME(80)
R COMMON RHO(42),Z(42), TABLE(42,2),1111, JJJJ,» DATAL, DATA2, 11
- ~ COMMON CONT g > o Bl Y '
‘ A = 0,00
| DU 108 | = 1,48 e E = i k=
Z261) 8 A

T’ —RATTTT = A
‘ 100 A = A + 0,10
" C RHO AND Z COORDINATES SET R e T e o a . T
| READ(50,2) MODE1,MODE2,END, STOP, GO,STAY
0 MODE1 MEANS COORDINATE INPUT, SHIFT OUTPUT J
. ¢ MODE 2 MEANS SHIFT INPUT, COORDINATE QUTPUT
T THE PROUGRAM CAN ONLY BE RUN UNDER ONE MODE AT A TIME
4 2 FORMAT (3A3,3A4) ;

~  READ(5Q0,7) MODE ks '

C THIS DATA CARD DETERMINES UNDER WHICH MODE THE PROGRAM 1s TO BE RUN
—C C>»S RUNS UNDER MOCEL '
L & 8XC RUSN UNDER MODE2
3 7 FORMATIAZ)

C MODE, ENDy AND CONTINUITY SPECIFICATIONS SET

.

1004 READ(50,1) (TABLE(I,1),I = 1,42)
1003 READ(50,1)¢ TABLE(1,2),1 = 1,42)
¢ THE DATA FOR MODE1 MUST FIRST BE ARRANGED BY THE INPUT Z COORDINATE, :
C THEY ARE GROUPED IN BLOCKS OF 0,00 - 0,09, 0. 10 -~ 0, 10. 0,20 -~ 0,29, ETC,
T THE TABLE IS READ IN IN SEGEMNTS, EACH
) Z COORDINATES TO FOLLON IT
| 1 FORMAT (10F8.5) S el Ak | 3
C TABLE SET
I W Exed ;.. . - .
10 FORMAT(1H1) ‘
CITTT AND JJJJ ARE INDEXING PARAMETERS USED IN LABLEING
1111 = O
I AJJ Ve N
1005 READ (50.8) NAME
€ "NAME"™ CONTAINS ALL DESCRIPTIVE INFORMATION THAT WILL FIT ON ONE CARD.
8 FORMAT (80A1)
WRITE (66,8) NAME
1000 READ(50,3) DATA1l, DATA2
¢ DATAL AND DATA2 ARE RWO AND Z IF RUN UNDER MODE1, B i
C DATA1 IS THE COORDINATE VALUE AND DATAZ IS NOT USED IF RUN UNDER MODE2
§ "3 FORMAT(2F20.5) T oy
¢ DATA CARD IN
01T 1S AN INDEXING PARAMETER USED IN INTERPOLATION, [T CORRESPONDS TO A
C RANGE OF RHO VALUES

1

— 1T & DATAZ & 1. % 1, ~
001 IF(MODE,EQ.MODE1) CALL SHIFT

~ IF(MODE,EQ.MODE2) CALL COORD (SToOP)
MODE DETERMINED AND SUBROUTINES CALLED

“THERE ARE 4 POSSIBLE CONTINUITY STATES =

READ(50,6) CONT
CONT IS THE CONTINUITY CARD

STAY MENAS THAT THE SAME TABLE SEGMENT WILL | BE USED FOR THE NEXT DATA
CARD R '
GO MEANS THAT A COMPLETELY NEW SEGMENT OF THE TABLE WILL BE READ IN




PAT COMI

RESEARCH TABLE READ

PAGE #

2

PAT

FWae!

FOR A NEW RAN

END MEANS THAT ONLY HALF

GE OF DATA

UPPER BOUND Q
THE NEW RANGE

OF A TABLE SEGMENT WILL BE READ IN BECAUSE THE

F THE PROVIOUS RANGE IS TO BECOME THE LOWER BOUND OF T

6 FORMAT (A4)

STOP WILL HALT THE RUN

IF(CONT,EQ,STAY) GO TO 1005

10 =

I] « 1

C LABELS AND TABLE SEGMENT USED WRITTEN

1002 WRITE

(66,4) (Z(J),J

= I1,10Q)

4 FORMAT (1H1,2(10X,
Do 101 I = 1,41

Fi0.20/7/7/7)

WRITE

(66,5) RHO(I),

5 FORMAT(F6.3,2F20.5)

(TABLE(I,J)»

J s 1,2)

101 CONTINUE
IF(CONT,EQ.STOP) STOP

IF (CONT.EQ,GO) GO TO 1004
Do 102 I = 1, 42

102 TABLE
GO TO

(I,1) = TABLE!(

1003

I,2)

END
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SUBROUTINE SHIFT
COMMON RHO(42),Z(42), TABLE(42,2),1111, JJJJ, DATAL, DATA2, II
COMMON CONT
IT11 = II111 + 4
IF(ITITI.GT.1) GO TO 1006
WRITE(66,1)
C LABELS FOR COLUMN HEADINGS
1 FORMAT (" COORDINATES TO SHIFT"//// 10X,"RHO",10X,"Z",10X,"SHIFT"
1 2r1 ' -
1006 DO 100 I = 1,41
C SCAN TABLE FOR RANGE OF RHO
IF(DATAL1,GE.RHO(I) ,AND.DATAL1.LT,RHO(I + 1))GOTO 1000
100 CONTINUE :
C INTERPOLATION FOR RHO RANGE IN LOWER BOUND OF Z VALUE
{000 CALL INTER (RHO(I #+17, RHOCI), DATAL, TABLE(I + 1, 17,
1 TABLE(I,1), A}
¢ INTERPOLATION FOR RHO RANGE IN UPPER BOUND OF Z VALUE
| CALL INTER (RHO(I « 1), RHO (1), DATA1, TABLE(I + 1,2),
1 TABLE(I.,2), B}
C INTERPOLATION TO DESIRED SHIFT VALUE
TALL INTER (Z(IT #+ 1), Z(TI), DATAZ, B, A, U)
C OUTPUT: COORDINATES AND SHIFT
WRITE(66,2) DATAL,DATA2,C
2 FORMAT(3F12.5)
RETURN
END
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~ YHE GE-400 SERIES - FORTRAN ASA (DPS) SUBROUTINE

~ SUBROUTINE CCORD (STOP) ; iy AR
COMMON RHO(42),Z(42), TABLE(42,2),1111, JJJJ, DATAL, DATA2, I1I
COMMON CONT
WRITE(66,1)
C LABELS FOR COLUMN HEADINGS TR T
1 FORMAT("1SHIFT TO COORDINATES®™ //// 10X, "SHIFT", 10X, "RHOY,10X,
1 wWZWZAl
JJJJ 2 JJJJ + 1
IF (JJJJ.GT,.1) GO 70 10603
C A AND K ARE CHECKING PARAMETERS ON TABLE SCANNING

1003 A = 0,000
K = 0 - o
1002 A 3 A &« 0,001 e T Glin-= R S =T

DO 100 I = 1,41
¢ SCAN TABLE FOR COORDINATE VALUE NEAR THAT OF TNPUT VALUE
IF (ABS(DATA1 - TABLE(I,1)),LT.A) GO TO 1000
- B0 TU 1001
C INTERPOLATE TO FIND Z COORDINATE e TG AL
1000 CALL INTER (TABLE(I,2), TABLE(I,1), DATA1, Z(II + 1), Z(11), B)
¢ INTERPOLATE TO FIND RHO COORDINATE  OUTPUT: SHIFT AND COORDINATES
CALL INTER(TABLE(I + 1,29, TABLE(I,1), DATAL, RHO(I + 1),
i 1 RHO(I), C) (I I B
€ OUTPUT: SHIFT AND COORDINATES
| WRITE(66,2) DATAL,C,B
2 FORMAT (3F12,5)
K a2 K+ 1
T CHECK TO SEE THAT ALL POSSIBLE COORDINATE VALUES ARE TRIED
1001 IF(1.EQ,41,AND,K.E0,0,AND.A,LT.0,005) 60 TO 1002
~ 100 CONTINUE
READ(50,3) CONT e o
€ SAME CONTINUITY REQUIREMENTS AS FOR MAIN PROGRAM
3 FORMAT(A4)
[F(CONT.EQ,STOP) STOP
DO 111 I = 1, 42
111 TABLE(I,1) = TABLE(I,2)
» READ(50,4)( TABLE(I,2),1 = 1,42) E%
T % FORVMAL . LOORRAR) T . . . . . . - aa
¢ THIS SUBROUTINE DOES NOT RETURN TO THE MAIN PROGRAM
Go 70 1003
RETURN
.
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SUBROUTINE INTER (A,B,C,D,E,ANS)
ANS = E + (D - E) & ((C ~ B)/(A - B))

RETURN
END

i -

ol e




