Lawrence Berkeley National Laboratory
Recent Work

Title
THEORETICAL REACTION COORDINATE FOR THE METHYL ISOCYANIDE ISOMERIZATION

Permalink
https://escholarship.org/uc/item/9gp7z7mqg

Authors

Liskow, Dean H.
Bender, Charles F.
Schaefer, Henry F.

Publication Date
1971-12-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/9qp7z7mq
https://escholarship.org
http://www.cdlib.org/

0 iy

Pr—_i \!4

Submitted to Journal of LBL-290
American Chemical Society ‘ Preprint

C.’L

THEORETICAL REACTION COORDINATE

FOR THE METHYL ISOCYANIDE ISOMERIZATION

Dean H. Liskow, Charles F. Bender, and Henry F. Schaefer III

Phen Y

December 197 1

AEC Contract No. W-7405-eng-48

TWO-WEEK LOAN COPY

This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call

Tech. Info. Division, Ext. 5545

T )
062-T1dT



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



‘oiii- LBL-290
# 4

. *
THEORETICAL REACTION COORDINATE FOR THE METHYL ISOCYANIDE ISOMERIZATION

Dean H. Liskow, Charles F. Bender,T and Henry F. Schaefer III
Department of Chemistry and i
Lawrence Berkeley Laboratory:
University of California
Berkeley, California 94720

December 1971

Abstract
Ab-initio self-consistent-field calculations have been carried out to
approximately determine the minimum energy path for the CHBNC +’CH3

A set of four s and two p functions on C and N and two s functions on H

CN reaction.

was used. The predicted exothermicity was 17.4 kcal/mole, in reasonable agree-
ment with Benson's empirical estimate 15 kcal. The calculated barrier height

was 58.8 kcal compared to Rabinovitch's experimental value 38.4 kcal. This

difference is ascribed to an expectation that electron correlation will be

greater for the transition state than for either'CH3NC or CHSCN. The calculations

differ from the extended Hﬁckg} treatment of Van Dine and Hoffmann in that we
predict the CH; group to remain pyramidal (HCX angle 106°) at the saddle point.

The planar CH, structure lies 14 kcal higher in energy. The question of changes

3
in "charge" on the methyl carbon is investigated in detail. Mulliken atomic
populations suggest that the chafge on the methyl carbon at the transitioﬁ state
is intermediate between CH3NC and CH3CN. This is completely consistent with
the conclusions of Casanova, Werner, and Schuster. However, it is suggestéd

that several other properties (including the potential at each nucleus, the

1s electronvbinding energies, and the electric field gradients) give a more
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reliable picture of the changes in electronic structure. These properties
suggest that at the transition state there is somewhat more charge on the methyl

carbon than in either the product or reactant. The unfavored transition state,-

in which the CH3_group is forced to be planar, has a large amount of charge
on. the methyl.carbon, resulting in an electronic structure spproaching

) + - al

[c; 1 [em 1.
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Introduction

The CH3NC > CH3CN reaction is one of the simplest examples of a

unimolecular isomerization. The kinetics of this reaction have been studied

exhaustively by Rabinovitch and coworkersl-3 over the past decade. Rabinovitch's

[

work has yielded a ﬁeaith of information concerning the mechanism of the isomeriza-
tion, eﬁergy transfer, and the suitability of various theoretical modelslL (e.g.,
RRKM) for describing the kinetics of the reaction. Reéently,>Harris and Bunker5
have taken another significant'step towards an understanding of the dynamics

of the CH_NC - CH,CN reaction. Using a model potential energy surface, Harris

3 3

and BunkerSa carried out classical trajectory studies6 of the isocyanide isomeri-
zation. Their most important conclusion was that, given an initial intérnal
energy of 150 to 300 kcal/mole, intramolecular energy transfer into the reaction
coordinate probably does not occur for times t less than lO"lo seconds. In

& recent communication,sb Harris and Bunker emphasize the non-RRKM behavior of

CH3NC.

FIt seems clear that an accurate a priori potential energy surface for

the CH3NC isomerization would be of great value in providing insight concerning

the reaction dynamics. The first step in this direction was taken by Van Dine

and Hoffmann,7 who constructed a CH3CN potential energy surface from extended

Huckel calculations. Van Dine and Hoffmann predicted the saddle point (transition

' .
state) to occur for a triangular C c

arrangement. Their calculated barrier
height (activatioﬁ energy) was h0.8 kcal/ﬁole, in surﬁrisingly good agreement
ﬁith experiment, 38.4 kcal/mole. Another interesting feature of the Van Dine-
Hoffmann calcuiations is the prediction that the methyl group becomes planar

CN molecule, the

(120° HCH angle) at the saddle point. In the isolated CH3

HCC angle is 109.5°,
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In the present paper, we take a second step towérds obteining a reliable

potential surface for CH_NC 4-CH CN, a series of nonempirical self-consistent-

3 3
field calculations. -We began this study with'thé expectation that the Hértree—
.chk approxiﬁétioniwould'be inhéréntly-incapéble of déscribing the potential

>surfac? in a quantitatively correct manner. In particular, one expects the
correlatioq energy to be significaﬁtly greater_near the saddle point geometry

| CN.8 Thus we can predict

than for either the reactant CH_NC or the product CH

3 3
with little hesitation that the HartreeQFockfbarrier height will be significantly
higher than the experimental activation energy. However, it is now well-
established that self-consistent-field (SCF) calculations,'even using relatively

_ o A ,9

small basis sets, yield rather reliable molecular geometries.” Therefore we
‘expect the SCF minimum ehergy path or reaction coordinate to be rather reliable.
At some later time we hope to report an ab initio potential surface explicitly

inéluding electron correlation for the methyl isocyanide rearrangement.

9
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Basis Set and Computational Details
The calculations were carried out in terms of the primitive gaussian
basis sets ovauzinaga,lo (9s Sp) for carbon and nitrogen and (bs) for hydrogen.
Following Dunning,ll these C and N baéis éets were coptimally contracted to four
s and two p functions. The hydrogen (ks) vasis was similarly contracted to

(2s). Thus for CH_CN, 84 primitive gaussians were used to form 36 contracted

3
. L, : 2,1
functions in this "double zeta" basis set. Based on previous experience, 3 we

expect the present basis set to yield total SCF energies for CH_CN about 0.15

3

hartrees above the true (complete basis set) Hartree-Fock energies.

On the basis of previous éalculations.on the FH, potential surface,l

2

we expect certain errors in the’shape of the predicted CH3CN surface. However

these errors ﬁay be due more to the neglect of electron correlation than to
the limited size of our basis set. For the F‘+ H2 -+ FH + H reaction, the SCF
barrier height (using a basis comparable to the present one) is 34.3 kcal/mole,
as opposed to the experimental activation energy, 1.7 kcal. With this same
basis, configuration, interaction calculations yield a barrier height of

1k
5.7 kcal.” - However, the estimated Hartree-Fock barrier height is 15 kcal/mole.

We see that in order to accurately describe the FH, surface, the incorporation

2
of correlation effects using a modest basis set is more effective than going
to a very large basis within the Hartree-Fock approximation.

For a number of geometries (e.g., ordinary CH CN), the SCF proéedurev

3
consistently diverged, even though se#eral different sets of étarting orbitals

 were used. This problem was eventually solved using the very effective extrapoclation

procedure of Winter and Dunning.15
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Geometries Considered

A com’plefe potential energy surface for CH,CN would involve

3
[3(6) - 6] =12 independent geometrical parameters. The variation of these
tﬁel&é'parametersbié'ciearly beyond Fhe feasibility of the'present &b initio ' .
investigation. 1In faét, we have éarried out a very restricted series of
geometry variatibns within this twelve dimenéional space.

Figure 1 helps to illustrate the geometfies considered in the present
" work. Following Van Dine énd Hoffmann,7 the réaction coofdinate was. taken to
be the ahgle 0 describing the rotation of the CN group about its center of
masé.. The CN center of maés is constrained to lie on the line which is
perpendicular‘fo'and passe§ through the center of thé_HHH triangle. For all
values of 8 considered (06; k50, 9o°;'135°g and 18o°)‘£he‘distance R between
the methyl carbon and the’CN center of mass was varied. The two parameters ©
an& R aré thus assumed to be fhe moét impdrtant in the determination of the
reaction coordinate. |

| Other restrictions adopted in the selection of geometries included
a) the CH '

-group was required to have at least‘C local symmetry.

3 _ 3V
b) the three CH distances were fixed at 1.10 A. In CH.CN and CH NC,

. 3 3
. S Py 16
this bond distance is 1.103 and 1.101 A,

c) except at 6 = 90°, the CN distance was fixed at 1.16 A, For
JCN and 1.166 in CHNC. R X
d) except at 6 = 90°, the HCX angle vas'fixed at 110°. X represents '

comparison, this distance is 1.157 A in CH

. , o ‘ 16 y
© the position of the CN center of mass. In CH3CN and‘CHBNC, this angle is ,

109° 30' and 109° T'.

xe) except at 90°, the C atom was held eclipsed with respect to oné of «

~

the three H atoms. Thus the nitrogen atom is staggared with respect to the

other two H atoms.
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Features of the Reaction Coordinate

Qur results are summarized in Table I. Five points on the reaction

coordinate are indicated graphically in figure 2. The theoretical exothermicity

‘

is seen to be 17.4 kcal/mole. Although the energy difference between CH3NC-

“and CH_CN is not known, Benson17 has empirically estimated a value of 15 kcal/mole.

3
Since the correlation energies of CH_NC and CH_CN are likely to be nearly

‘ 3 3
equal, our predicted value should be fairly reliable.
Table I shows the predicted activation energy to be 58.8 kcal, or 1.5
times the experimental value 38.4 kcal. Since we expect a single-configuration
wave function to be a poorer approximetion for the saddle point geometry than

for either the reactant or product, this result is qualitatively reasonable.

. ' 1
As discussed above, we expect that a modest amount of configuration interaction

will bring the predicted activation energy into much Better agreement with

experimgnt:

A feature of considerable interest is the saddle point geometry. In
the present work, we have aséumed that the saddle péint occurs for 6 = 90°.
Reasons for this assumption are a) the calculated energiés for 6 = 45° gnd
6 = 135° are nearly the same, b) 6 = 90°'is the logical halfway point between

CH3CN and CH3NC, and c¢) the extended Hickel calculations of Van Dine and

Hoffmann7 predict 6 = 92°. Therefore, at 6 = 90°, we simultaneously optimized

1
R (see figure 1), the CN distance, and the HCX bond angle. Our results are

seen in Table I and show that the distance between the methyl carbon and the

CN center of mass is 1.802 A, significantly shorter than in either CH3NC or.

CH,CN. At the saddle point the CN distance is predicted to be 1.203 A, slightly

longer (0.03 - 0.04 A) than in CH_NC and CH_CN. The HCX angle is predicted to

3 3
be 106° at the saddle point, only about 3° less than in the two stable molecules.



Table I. Summary of self-consistent-field energies for the methyl isocyanide rearrangement.

g

: - Distances
are given in angstroms. 6 and R are defined in figure 1. ' '
- . ' : Other Geometrical ' B
Description : 0 R Parameters. E(hartrees) E(kcal)
CH JiC o 180° 971 Standard -131.8507 0.0
135° .864 Standard -131.8034 29.7
oo “R(CN) = 1.203 o
- Saddle Point - 90° .802 . : . =131.7570 58.8
8(HCX) = 106°
R(CN) = 1,203 :
Rotated Saddle Point  90° .802 | - =131.7557 59.6
8(HCX) = 106°
R(CN) = 1.2 : -
Planar CH, 90° .013 , -131.73k46 72.9
1 : 6(HCX) = 90°
450 .990' Standard " - -131.7979 33.1
CH,ON o o° .097 Standerd o -~ =131.8785 “17.0

123 Y

..;9_

062-141
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There is one feature concerning which fhe present potential surface
differs qualitatively from the extended Huckel surface of Van Dine and
Hoffmann. Namely, their prediétion that the CH3 group is nearly planar at
fhe saddle ?oint. Table I shows.clearly that the présent calculations predict

a nearly tetrahedral CH, group. For comparison with the Van Dine-Hoffmann

3
results we carried out several additional calculations with the CH3 group
restricted to be planar. With this restraint at 6 = 90°, a much longer optimum
distance R (2.013 A) was found, in qualitative agreement with Van Dine and .

Hoffmann. However, our planar CH_ saddle point geometry lies at 72.9 kecal,

3
ﬁhile for 6(HCX) = 106°, the barrier height is lower, 58.8 kcal.

At the saddle point there is a small barrier fo internal rotation.
That is, one éf the hydrogen atoms may be eclipsed with fespect to either the
C or N atom of the CN group. All but éwo of the calculations reported here
were carried oﬁt.for the carbon atom eclipsed with respect to H. After the
variation of geometrical parameteré at the saddle point was completed, a
single calculation was carried out witﬁ the nitrogen atom eclipsed; that is,
in figure 1, the upper H, the two C's, and the N atom all lie in the same
plgne. As Table I shows, this conformaﬁion lies 0.8 kcal below the arrangement

in which the carbon atom is eclipsed. 0.8 kcal would appear to be a reasonable

value for this small barrier.
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Interpretive Aspects

NC > E '
3NC - CH3CN reaction

is the change in electron distribution during the rearrangement. In addition

.\A'point of considersble interest concerning the CH

to the weil-khown studies of Ra.binovitch,l“3 the experiméntal'work of Casanbva,
Werner, and Schuster is pertinent in this regard. By studying a variety of

reactions RNC +_RCN, Casanova and cQworkefslewere'able to conclude that &

\

"the bond—breaking and bond—making processes are essentially synchronous”.

This implies, in a simple point charge model, that the "charge" on the‘CH3

group is nearly constant during the CHSNC g CH3CN rearrangement.

Van Dine and Hoffmann7 have discussed the change in atomic charges (from

Muw liken pbpulaiion analyéesl9) based on their extended Huckel calculatiohs{'
o 18

However, they arrive at rather different conclusions than Casanova and coworkers.
In particuiar, Van Dine and Hoffmann find the charge at the methyl carbon to be

' ¥0.19 for CH.NC and +0.02 for CH

3 3CN, but +0.42 for the transition state
_geometfy. -That is, they find a significant increase in_positiQe charge at the
méthyl carbon in the transition state. Thus Van Dine and Hoffmann conclude, in
disagréément,with Casanova.,18 that there is definitébionic character,

[en, 0271 (w027

‘accepted that carbonium ions have trigonal (e.g., planar CH3

, at the saddle point geometry. Since it is generally -
' +
) geometry,

Van Dine and Hoffmann were not surprised to find the methyl'group to be predicted

planar in the transition state from their extended Hickel calculations.

| Table II shows population analyses extracted from our wave functions at
four geometries. In addition to the reactant, séddlé point (B(HCX) = 106°), | | ‘s
and’produét, a population analysis ié included for;tbe transition state constrained

to have a planar_CH3 group. Again, it shouild” be stfessed that our calculations

(see Table I) predict the true transition state to have a nonplanar'CH3
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Table II. Population analyses and potential calculated at each nucleus in CH.CN.

3
. " Planar
cHNC e?;g§§e=P§gg§ Saddle Point CH ,CN
6(HCX) = 90° :

Atomic Charges
H 0.22 0.26 .0.28 0.23
cmethyl ~-0.41 -0.52 -0.43 -0.58
N -0.20 -0.21 -0.28 -0.10
c ~0.07 - -0.01 ~0.12 -0.02
Potentials
H -1.062 -1.032 -0.999 -1.0k48
C , 14 .6463 -1k.6277" -1k, 6071 —-1k4.6661
methyl _ v
N -18.3329 -18.3274 -18.3526 -18.3k408
C ~-1k4.6965 -14.6913 -1&.7163

~-14,6783
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arrangement andvthe planar traﬁsition state to lié 14.1 kcal/mole higher in"-
energy. Table II shows that the present population anélees are consistent
with the conclusions of Casanova, Werner, aﬁdechuster.l8 That is, the charge

on the methyl'cérbéh prbgresses from =0.41 for CH NC;tov-0.52 at the saddle

3
point to —0.58 for CH3CN. .8imilarly the charge on the CN group varies from

-0.27 to 50.22vto -0.12. - That ié, the ab initio saddie point is even less

ionic than ordinary CH_NC. However; if we constrain the CH group to be plénar

3 3
(at a cost of 1k.1 kcal), Table III shows that the transition state does become

3+:O.1+O] [CN_O.'hO].

. for CHCN and CH

more ionic, [CH It should be noted that our calculated populations

NC are in qualitative agreement with the earlier gp_initio';,

20

3

calculations of Clementi and Klint.
¢

The populatién analysis. is an inherently arbitrary-method for Studying

thg eléctron distribution in a molecule. Thus one would‘like to confirm the

[y

.

qualitati§é results df the previous parégraph in terms of gquantities which ére,
at least in prinéiple, observable. One oﬁservable prbpérty which may be nicely
cqrrelated with "atomic charges" is the innér shell iéniiation potential at a
particuiar étoﬁ;zl’gg That is, the greater the inner shell ionization potential,
thé more pqsitive charge may be thought to reside on the atom in question. A
quantity<re1ated.to.the inner shell ionization potentiai_and hence to the concept

of atomic charge is the potential at a nucleus.23’2h
Y

The.calcu1ated potentials
at eaéh nucleus are seen in Table II,vwhiie the orbitai'energies of Koopmans |
theorem jonization poténtials are given in Table III. In all four calculationsA
the-la‘ orbifalvcorreéponds to nitrogen 1ls. Fof CH3CN_thev2a' orbital is the.CN . <
carboh and the 3a' orbital éorresponds to the methyl carbon 1is. However, for
the other.three calculations (first three columns Qf'Table III) the 2a' orbital
is the methyl carbon ls. - o | \

There is a one-to-one correspondence between the calculated inner shell

_iQnizétion potentials and the potential at each nucleus. Limiting ourselves

s
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Table III. Orbital energies (in hartrees) for four CHBCN geometries.
Saddle Point
: Lowestrinergy = Planar
CHSNC 8(HCX)=106° 6(HCX)=90° CH,CN
E(total) -131.8507 -131.7570 -131.73L46 -131.8785
la’ - 15.5993 - 15.6235 - 15.5963 - 15.6035
2a' - 11.3136 - 11.3371 - 11.3675 - 11.3061
~ 3a! - 11.3006 - 11.3102 - 11.2835 - 11.2946
ha! - 1.287k - 1.2937 - 1.2551 - 1.2517
5a' - l.03k1 - 0.9772 - 0.9927 - 1.0k00
6a' - 0.7376 - 0.6899 - 0.6900 - 0.69k48
Ta' - 0.6k41k - 0.5737 - 0.5819 - o.6é81
8a' - 0.4780 - 0.5336 - 0.4780 - 0.5517
9a’ - 0.L4643 - 0.h610 - 0.hh26 - 0.k682
la" - 0.6L1k - 0.6413 - 0.6689 - 0.6281
og" - 0.4780 - 0.481k4 - 0.46h49 4682
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to the pbint discussed by Casanova_gﬁ_g;.l8 and by Van Dine and HoffmannaT

the
charge at the methyl carbon, the following is implied:
a) the methyl carbon has a gfeatér positivé charge (or, if one prefers,
3 3

b) at the transition state thevméthyl carBon becomes somewhat more

a smaller negétive charge) ih.CH NC than in CH_CN.

positive than for CH3NC.

é) at the constrained planar CH, saddle point, the methyi carbon takes

3
‘on a rather large posifive’chafge, indicating a significant amount of
'[CH3+] [on~] charactér.'

The abbve potential-ionization potentialApiétufe is not completely consistent
ﬁith:the Mulliken atomic éharges'in Table II. The primary difference is that the
population.anaijsis éuggests the methyl carbon has less charge at the sadale éoint
than for CH3NC. Both analyses agree that the planar saddle point has thé most
‘ionic éiectrdn,diétribution, We tend to prefer the potential-ionization potentiél
picture due to the necessary arbitrériness of the populaﬁion analysis.

To further investigate thevchanges in electron distribution along the
reaction coordingte, se?eral édditional,mdlecular properties were computed, some
of which are_seén in Table 1V. The fact that the SCF and experimental dipole
NC. agree well is not too surpriéing since the

moments2h for CH,CN and CH

3 3

molecules afe quite polar. 1In géneral, however, larger basis sets are required
for.gqod agreemeht'betﬁeep SCF and experimental dipole m.oments.8 Interestingly,
the'calculatibns predict the transition state to have a smaller dipolevmoment
than CH3NC or'CH3CN. This result is consistent with Casanova's concluéions,
buﬁ_not those of Van Dine and Hoffmann. As expeéfed the planar saddle point

has a.much largér (0.41 atomic units = 1.0 debyes) dipéle moment. The caiculated

electric field gradient tensor shows the same type of behavior as the poténtials

r

I
I
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Table IV. Some molecular properties (in atomic units) for CH3CN. For CH3NC

and CH3CN at equilibrium, the y axis contains the CN group. At the saddle

point the 2z axis includes the CN group. Experimental values are in parentheses.

Saddle Point

CHBNC 8(HCX)=106° 8(HCX)=90° CHBCN
Dipole Moment _
u, -1.46(-1.51+0.02%) - 1.35 - 1.76 -1.66(-1.54+0.02%)
u ' 0.0 - 0.013 - 0.009 . 0.0

Z

Quadrupole Moment Tensor

8 1.19 0.92 ' 1,31 1.12

XX

0 ~2.39(-2.0£1.2") 2.3k 1.89 -2.24(-1.3%0.9")
. 1.9 - 3.25 2321 1.12

6 0.00 0.01 - 0.01 0.00

yZ

Second Moments of the Electron Distribution

(x®)  -19.05(-19+2%) -19.52 - -19.82 -19.05(~19¢1P)

(y2)  -116.6k(-116+2P) ~82.75 -90.49 ~126.91(-12441")
(%) —19.05(—19i2b) -39.00 -39.45 : -19.05(_19i1b)

(yz? 0.00 - 0.02 - 0.02 0.00

Electric Field Gradient Tensor at Methyl Carbon

., 0.23 0.32 0.6 ~ © 0.1k4
O _0.46 - 0.66 - 0.94 - 0.28

%y _ 9 |

a4, 0.23 0.3k 0.48 0.1k

%, 0.00 - 0.03 - 0.03 0.00

aReference 25.

bReference 26.
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at each nucleus and the inner shell electron binding energies. That is, the
largest q .values are found for the planar CH3 arrangement and the smallest )

values for CH3CN. The transition state field gradient tensor is intermediate

between that of CH_NC and the planar saddle point. Finally, it should be pointed Py

3
out that our calculated quadrupole moment elements along the molecular axis

are in good agreement with the experimental values of Pochan, Shoemaker, Stone,

and Flygare,26

TN
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Concluding Remarks

The most important finding of our theoretical study is that the transi-

tion state or saddle point for the CH_NC - CH_CN isomerization involves a

3 3

pyramidal CH_ group (HCX angle 106°). The planar methyl saddle point is

3
predicted to lie 14.1 kecal higher and a variety of calculated molecular

properties indicate significant ionic [CH3+] [cN”] character. The question

of change in "atomic charge' on the methyl carbon along the reaction coordinate
is investigatea by a number of means. The most obvious conclusion is that the
‘predicted transition state is far less ionic (less charge on methyl carbon)

than the planar CH_ structure mentioned above. Mulliken population analyses -

3

suggest that the electron distribution changes smoothly between CH3NC and

CH3CN. However, more reliable indicators, namely calculated potentials at each
nucleus, inner shell ionization potentials, and electric field gradients, sug-

gest that the transition state involves a methyl carbon somewhat more positively

charged than in either CH,NC or CH_CN.
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Figure Captions

f

Fig..l. Coordinate system used to describe'CH3Nc > CH,CN.

Fig. 2. ' Thrée-dimensional perspectives of the molecular geometry along the

reaction coordinate for CH3NC > CH3CN. o _ . o »

"a) CH.NC, 6 = 180°, E = 0.0 kcal.

3
b) 8 = 135°, E = 29.7 keal.

¢) Approximate saddle poiht, 6 = 90°, E = 58.8 kcal.
d) 6 = 45°, E = 33.1 keal. '

e) CH

3CN, 6 =0° E=-1T.4 keal.
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any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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