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Table IX. Barrers to Internal Rotation (kcal/mol) in Some
Organoborane and the Corresponding Nitro Compounds

BF, ref NO, ref
CH,XY, 0.013 12 0.006 29
CH,CH,XY, 1.17 11 a
C HXY, 3.17 25 3.0 28
¢C,H XY, 4.23 this work 4.6 27
C,H,XY, 4.17 21 4.83 26

4 Microwave spectroscopy ® and matrix and gas-phase infrared
spectra’?*® have shown that the nitro group is undergoing free
internal rotation,

A),! and (CH,)BF, (1.60 A).2 Cyclopropyldifluoroborane,
(c-C;Hs)BF, (1.589 k), would have been expected to fit between
phenyldifluoroborane and ethyldifluoroborane if this trend is due
to lengthening of the bond as the hybridization of the carbon atom
changes from sp to sp’. However, the uncertainties in the bond
length involved would allow for cyclopropyldifluoroborane to take
its expected place in the series. The other structural parameters
for the BF, moiety, #(B-F) = 1.328 & 0.004 A and /FBF = 115.9
%+ 0.9°, are in agreement with those found in CH,BF, (»(B-F)
=1.30 = 0.02 A, ZFBF = 118°),2¢ (C,H;)BF, (»(B-F) = 1.331
% 0.002 A, £/FBF = 116.04 £ 0.41°),% and (C¢H;)BF, (r(B-F)
= 1.330 A, ZFBF = 116.0°).% A possible interaction between
the fluorine atom and the eclipsed hydrogen atom results in a tilt
of the BF, group toward the cyclopropyl ring. We are currently
investigating the structure of cyclopropyldimethylborane to as-
certain if the observed tilt of the borane moiety is due to a hy-
drogen—fluorine interaction. Using the method of Penn and
Boggs,!* we obtained a C,—C; bond distance of 1.486 A. After
a diagnostic least-squares analysis was performed the length was
determined to be 1.496 A. This bond length is similar to those
found in other compounds containing unsaturated substituents
on the ring. The calculations' for the bond length in nitro-

cyclopropane (1.500 A), trans-vinylcyclopropane (1.499 A), and
cyanocyclopropane (1.500 A) indicate the shortening of this C,~C;
bond length.

Also of interest in this study is the barrier to internal rotation
of the BF, group in cyclopropyldifluoroborane. The barrier has
been found to be 4.23 kcal/mol. This is similar to the barrier (4.17
kcal/mol) found in vinyldifluoroborane?! and slightly higher than
the barrier of 3.17 kcal/mol in phenyldifluoroborane.?* In the
corresponding nitro compounds which are isoelectronic with BF,
compounds, the same trend is visible. A comparison of the barriers
of some organoborane compounds and the corresponding nitro
compounds is given in Table IX. As shown in the table, nitro-
ethylene (4.83 keal/mol)® and nitrocyclopropane (4.6 kcal/mol)?’
have similar barriers which are higher than the barrier for ni-
trobenzene (3.0 kcal/mol).2® It is also interesting to note that
the barrier in ¢-C3H;BF, is so much higher than the barrier in
ethyldifluoroborane (1.17 keal/mol).!! This large barrier dif-
ference clearly indicates a significant mesomeric interaction be-
tween the BF, moiety and the cyclopropyl ring.
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Abstract: More sensitive observations on the vapor of glycine, the smallest amino acid, have been made in the millimeter region.
This work has led to the identification of a second conformer in the gas phase. This conformer has the amino hydrogens hydrogen
bonded to the carbonyl oxygen and the hydroxyl hydrogen in the normal cis configuration with respect to the carbonyl group.
This new conformer is ~490 (150) cm™! Jower in energy than the conformer originally reported. Its spectrum is weaker due
to the smaller dipole moment (u, =~ 1.00 (15) D). The distortion fit of 37 transitions yield 4" = 10341.76 (17) MHz, B”
= 3876.195 (9) MHz, and C” = 2912.361 (10) MHz for the ground state. The excellent agreement between experiment and

theory is discussed.

Introduction

In our previous paper on the millimeter wave spectrum of
glycine we reported the rotational spectrum of a particular con-
former of glycine in the vapor phase (labeled conformer II here).!
That conformer had a large molecular dipole moment which gave
rise to the most intense spectrum of the various possible conformers
of glycine in the gas phase. In that report we suggested the
possibility that other conformers might be present in larger
concentrations than conformer II, but due to smaller electric dipole

(1) Suenram, R. D.; Lovas, F. J. J. Mol. Spectrosc. 1978, 72, 372-382.

moments, their rotational spectra might indeed be weaker than
the spectrum of II.

Since glycine is the smallest amino acid, it is important to be
able to ascertain if more than one conformer exists in the gas phase
and, if so, to determine their structural conformations and relative
energies. In addition, it is extremely important from an astro-
nomical standpoint to know which conformer is the lowest in
energy since in all likelihood the lowest energy conformer will be
the most abundant form in cool interstellar dust clouds.

After our previous paper on glycine was published, we made
a number of improvements in our spectrometer which have pro-
vided improved sensitivity. This paper describes the spectrometer

This article not subject to U.S. Copyright. Published 1980 by the American Chemical Society
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currently in use and the observation of the millimeter wave
spectrum of the Jowest energy conformer of vapor-phase glycine.

Experimental Section

A. Automated Spectrometer. In order to have an effective comput-
er-controlled millimeter wave spectrometer, several elements are essential.
First, the millimeter wave source (e.g., reflex klystron) must be phase-
locked to provide a stable frequency. Second, the source must be fre-
quency tunable in a manner which allows sampling the same discrete
points in the spectrum on a repetitive basis. Further, a method of taking,
storing, and manipulating data in real time provides flexibility in the
system.

The block diagram illustrated in Figure 1 shows the main components
of the spectrometer. Phase-locking the millimeter wave klystron is
achieved by mixing the klystron frequency with a fixed frequency source
(LO). The IF signal is passed through a narrow-banded (100-MHz) 7
stage filter centered at 1090 MHz and amplified to produce a strong beat
signal in the 1040-1140-MHz range. This signal is mixed with the
output of a computer-controlled synthesizer (980-1080 MHz) in a dou-
ble-balanced mixer, The difference frequency (60 MHz) obtained from
the double-balanced mixer is input to a phase-locking synchronizer
modified as described by Pickett.? The synchronizer in turn applies
correction voltage to the klystron repeller to keep it phase-locked at the
desired frequency. The bandwidth of this system allows one to scan
50-80 MHz without difficulties in maintaining a stable phase-lock with
stepping speeds of a few milliseconds and step sizes up to 1 MHz.

B. Design of a Medium-Temperature Millimeter Cell. The cell used
in the previous study had a number of disadvantages which we felt could
be overcome by the design and construction of a new cell. The new cell
shown in Figure 2 is approximately 1 m long and is of the parallel plate
design. The cell was constructed to allow all internal surfaces to be
heated. When glycine is vaporized in the center section, it migrates to
the ends of the cell and down into the traps which are at room temper-
ature and only at this point can it condense out. This allows a slow
continuous flow to be established. With this arrangement it was possible
to work several weeks with a single charge of 10-15 g of glycine. Asin
the previous cell, all metal surfaces were gold plated to minimize de-
composition.

Heating was accomplished with several heating tapes wrapped around
the glass vacuum envelop and a separate heating tape around the sample
region. For most experiments, all regions of the cell were maintained at
=200 °C except the sample region which was maintained between 170
and 180 °C.

Spectral Predictions

One of the greatest aids to the assignment of the rotational
spectrum of a molecule is the ability to accurately predict the
frequencies of the spectral lines. Usually this is done from an
estimated geometric structure, and the predictions are only as good

(2) Pickett, H. M. Rev. Sci. Instrum. 1977, 48, 706~707.
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Figure 1. Block diagram of the millimeter wave spectrometer employed
in the present study.
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Figure 2. Schematic drawing of the heated absorption cell used in this
study.

as the “estimated structure”, Since glycine is the smallest amino
acid, considerable effort has been devoted to its structural de-
termination by theoretical chemists.> These efforts have focused
not only on conformational analysis and relative energy deter-
minations®* but also on the complete geometry optimization of
several of the lowest energy conformers.>® The excellent agree-
ment between the observed and calculated rotational constants
for structure 11 led us to favor spectral predictions on the basis
of geometry-optimized structure of Sellers and Schifer for
structure I also.’

From this structure, one predicts 4 = 10300.8 MHz, B =
3890.3 MHz, and C = 2917.8 MHz. Furthermore, the largest
molecular dipole moment component is expected to lie along the
a principal axis. Thus one would expect to see the spectrum of
a slightly asymmetric prolate rotor. In this type of spectrum, the
strong a-type R-branch transitions occur in clusters spaced by ~(B
+ C) which for glycine is about 7 GHz. This type of spectral
pattern was observed earlier for II, but for I, the value of B +
C is predicted to be slightly different so that these same transitions
fall in the relatively sparse region between the clusters of II. This
is a rather fortunate situation since the spectrum of I was expected
to be substantially weaker than the spectrum of II due to the large
difference in calculated molecular dipole moments (approximately
6.5:1.0). Since the intensities of rotational transitions are pro-
portional to the square of the dipole moment, II was predicted
to enjoy about a 40:1 advantage over I in line intensities. Thus,
even if I were more abundant than II in the gas phase, the
spectrum could be weaker.

On the basis of the preceding arguments, regions from
81.40-83.40 GHz and 88.65-90.40 GHz were scanned by using
the computer-controlled spectrometer. These were the regions
where the fast modulating intermediate and high K, doublets of

(3) Oegerle, W, R.; Sabin, J. R. J. Mol. Struct. 1973, 15, 131-136.

(4) Vishveshwara, S.; Pople, J. A. J. Am. Chem. Soc. 1977, 99, 2422-2426.

(5) Sellers, H. L.; Schifer, L. J. Am. Chem. Soc. 1978, 100, 7728-7729.

(6) Schafer, L.; Sellers, H. L.; Lovas, F. J.; Suenram, R. D. J. Am. Chem.
Soc. 1980, 102, 6566.
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Table I. Rotational Transitions of Glycine Conformer I in the
Ground Vibrational State?

Suenram and Lovas

Table II. Rotational Transitions of Glycine Conformer I in
Several Excited Torsional States®

J’K ',K '_‘,”K_”,K " obsd —
Tt *  measdfreq, MHz caled, MHz
12,,-11,,° 81 940.77 0.16
12,-11, 82011.88 -0.06
12,-11, 82 111.68 0.09
12, ¢-11, 0.12
12011 82 258.00¢ —017
124,114 82 484.4649 0.37
124114 82 492.78¢ -0.57
12, -115, 82 806.14 0.07
12, -1, 82 866.89 -0.04
12, .11, 82 982.40 -0.06
13,712, ,, 84 130.90 0.04
14,,,-13, 1, 84 204.25¢ 0.10
14,),,-13, ), 84 217.94 0.01
14, ,,-13,, 84 230.25 0.00
14,4713, 84 244.01¢ -0.02

210115 84 813.25 0.00
13,,-12,, 88 755.84 0.09
13,,-12,, 88 822.86 -0.16
13,-12, 88 913.45 -0.07
13,-12, 89 040.30 0.02
13, ,-12, 4 ¢ 0.67
AT 89 227.45 024
134 4-124,, 89 513.50¢ 1.27
134,124 4 89 535.97¢ 0.44
13, ,-12, 89 875.80 0.05
15,5714, 1, 90 036.02° 0.07
15, 5-14, ., 90 043.13 -0.04
15, 514414 90 049.71 -0.02
15, 144, 90 056.98¢ 0.03
13,4-12, , 90 233.63 -0.07
13,0712, 4 94 211.95 -0.06
16, -15,, 109 149.20 0.00
16,,-15,, 109 198.42 0.02
16,,-15,, 109 258.42 0.05
16,,-15,, 109 332.97 -0.05
16,,-15,, 109 428.04 -0.13
16,,-15,, 109 552.85 -0.01
16,-15, 109 721.84 0.03
164, 5-15,.,, 109 824.30 0.10

64,5155 ¢ 0.20
1601 109 960.53 049
16,.,,-15,., 110 311.16 0.25
16,.,-15,., 110 326.32 -0.19
166.,,-154.10 110 791.85 0.00
16407154, 111 023.90 0.12
165, ,-15,.,, 111 042.04 -0.01
17, 5-165.,, 112 250.70 -0.21
18, 17,1, 112 887.45 0.17
18, ,-17, 16 112 925.70 -0.07
165,715, 112 962.05 -0.05
17, 16,.,, 113 156.00 0.03

@ Typical measured uncertainties were 0.1-0.2 MHz. ? When
Koplate is omitted, the transition exists as a degenerate doublet
and only one of the degenerate pair is included in the fit. € This
pair of transitions were observed to be unsplit and were not in-
cluded in the fit. The‘})redicted splitting was small but not zero
so they were not fit. ¢ Not included in the fit due to an overlap
of transitions or small perturbation. € These four b-type transi-
tions have been observed but are not included in the fit.,

the J = 12«11 and J = 13«12 a-type clusters were predicted
to occur. A number of weak transitions were observed in these
regions which appeared to have much narrower line widths than
the transitions from II, which were quite broad. Everything looked
consistent with the spectral precitions, but an assignment eluded
us at this point due primarily to the weakness of the observed
features and the overlap of several transitions from the ground
and excited vibrational states of II. In order to obtain more data,
we made spectral scans from 109.20 to 110.60 GHz. In this region,
the degenerate J = 164-155 and J = 164—154 transitions of the
ground state and several vibrational states were observed. In
addition, the slightly split 167,015, and 16,4—15;4 transitions
were identified. This provided the basis for an assignment which

obsd —
measd freq calcd, measd freq measd freq
J'k'k,” wv=1,MHz MHz v=2 MHz v=3, MHz

12,-11, 82069.20 0.10
12,-11, 82168.50° 0.58
12, 11 4 —0.05
120y 82312044 Doy

12, -114¢  82537.28 -0.04
12,-11, s 82546.18 -0.30

12,-11,,  82857.25¢ 0.52 82900.30

12,11, 83 072.94

12,0-11,' 8291771 0.00

12, ,-11, ', 8303150 0.21

12,0-11,, 8458791  0.06

13,,-12,, 88 817.75¢ —0.67

13,412, 8888515  0.06

13,-12, 88975.00° 0.16 89 010.00

13,-12, 89 100.50 —0.05 89 173.50
13, -12, a 012

137120 89285.63¢ _ "% 89 364.50
13,,-12,, 8956890 0.31 89 609.50

13,),,-12,,  89805.85 -0.24

13,512, .  89929.20 —0.11 89975.15 90 020.32
13,,-12,, 9028350 -0.09 9032525 90374.30
14,),,-13,,, 9412590 0.11

13, ,,-12,, 9423278  0.02

16,,-15,, 10933520 0.12

16,,-15,, 109 476.80

16,,-15,; 10950354  0.04 109 570.25

16,,-15,,  109626.94 —0.22 109 693.04 110 747.00
16,-15, 109794.52 —0.22 109 858.89 109 915.00

16,,,,-15,,, 109898.84  0.07

da 045
168,7_155:6 110 031.74 —0.23 110 093.81 110 155.60
16, ,,-15;, 110379.06  0.07 110437.50 110 509.86
, 110394.36 —0.03 110452.50 110526.04
164,,-15,, 11108570  0.16
16,,,-15,.,, 11110522 —0.01

¢ Only the transitions from the v = 1 state were fit to the CD
model, Those from v = 2 and v = 3 were not fit and are included
here for future reference. Transitions fromv=1aswellasv=2
and v = 3 were used to determine the torsional energy level separa-
tion. Measured uncertainties are 0.1 MHz forv =1 and 0.2 MHz
forv=2and 3. ° When Kp1a¢c Is omitted, the transitions exist
as a degenerate pair and only one of the pair was fit. € These
transitions were either overlapped or show slight perturbations and
were thus not included in the fit. ¢ In the experiment, these
transitions were observed as one line. The predicted splitting is
small but nonzero, so they were not included in the fit,

then allowed further assignment of transitions in the two lower
frequency regions. Eventually, 37 a-type transitions were mea-
sured for the ground state and fitted to the centrifugal distortion
model of Watson by using the computer program developed by
Kirchhoff.”® The transitions that were fitted are shown in Table
L

In addition to the ground-state spectrum, a prominent series
of excited vibrational state transitions was also readily apparent.
Transitions from the first excited state were also fitted to the
centrifugal distortion model. Transitions from excited states
through v = 3 were also observed but could not be fitted to a
centrifugal distortion model due to a lack of sufficient data. The
transitions for v = 1, 2, and 3 are shown in Table II. The
sepctroscopic constants for the ground state and v = 1 are shown
in Table IIL

Dipole Moment Determination

Due to the weakness of the transitions and the fact that the
observed transitions have high J values, determination of the
electric dipole moment in the usual fashion was not feasible since
individual M Stark components were too weak to assign with

(7) Watson, J. K. G. J. Chem. Phys. 1967, 46, 1935-1949.
(8) Kirchhoff, W. H. J. Mol. Spectrosc. 1972, 41, 333-380.
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Table III. Rotational Constants, Nonplanar Moments, and
Centrifugal Distortion Parameters for Glycine Conformer I in the
Ground and First Excited Torsional States

ground state v=1 state
A", MHz 10341.76 (17)¢  10294.06 (63)
B", MHz 3876.195 (9) 3874.984 (51)
C', MHz 2912.361 (10) 2918.745 (69)
7,, kHz -24.84 (13) —24.45 (78)
7, kHz —6.003 (99) —5.78 (43)
74, kHz? 75 (10) 109 (42)
Taaaa XHZ —-36 (30) c
Thbbbs kHz —4604 (90) —425 (54)
Tecees KHZ —-1.61 (11) -2.8 (10)
In+Iy—-I,ul* 5719 6.366

¢ The numbers in parentheses are the standard deviations of the
fit and refer to the last digit(s) given. © r, is fixed by setting R, =
0 (see ref 8). € 74444 Was not fit for v =1 since for the measured
transitions there is a high degree of correlation with the 4 rotation-
al constant.

certainty. An alternative approach was employed, the rate of
growth technique in which the percent modulation of a given
transition was measured as a function of the applied electric field.
The 13;4-125, transition was chosen since it is readily modulated
at low fields, and the u, term in the second-order behavior is
dominant for all the M, levels except M; = 0. With use of this
method, 18 scans were taken at different electric field values. The
percent modulation at each field setting was determined by di-
viding the observed intensity by the line intensity of the fully
modulated line. The Stark cell was calibrated by using the
first-order Stark component (AM, = 0) of the 1,—>2, transition
of methyl! fluoride at 102140.87 MHz.® The electric dipole
moment of CH;F was taken from Wolfsy et al.!1 where they
determined: u = 1.8585(5) D. Since no dc bias voltage was
applied, the 80 kHz square wave was rectified into a dc voltage
and read directly on a digital voltmeter. Both the calibration and
the glycine measurements were performed in this fashion to
minimize systematic errors,

A family of theoretical curves was generated by calculating the
percent modulation vs, field for a number of values of u,. These
were plotted on a log-log scale (Figure 3) for u, = 0.8, 1.0, and
1.2 D along with the experimental curve. Although crude, this
method provided the best determination of u, possible under our
experimental conditions. From the graph one concludes u, ~ 1.0
%+ 0.15 D. It is interesting to note that this number is qualitatively
in agreement with the theoretical value obtained by Sellers and
Schifer® which is listed in Table V. Sellers and Schéfer also
calculate a small value for u;. As can be seen from Table I, we
have observed four transitions which are in excellent agreement
with the predicted frequencies of four b-type lines. If these as-
signments are correct, this indicates that u, # 0, but in any case,
Ka > Up.

Vibrational Energy Determination

The vibrational energy level separation was determined by
carefully measuring the relative intensities of the K., =8 and 9
levels of the J = 16—15 transitions in the 109-GHz region. In-
tensities of vibrational state transitions up to v = 3 were used.
In this determination only the peak intensity was used to obtain
the relative intensity since the line widths for the ground state
and vibrational states were approximately equal. The temperature
of the molecules was taken to be the same as that of the parallel
plates in the cell which were at 200 °C. Various combinations
between the ground state and vibrational states were determined
for these two transitions and an average taken to yield AE = 62
& 20 cm™!. Since the nonplanar moment increases on going from
the ground state to the excited vibrational state, the vibration in
question must be an out of plane torsion, probably about the C-C
bond. This is consistent with C—C torsional frequency found by
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Table IV. Parameters for the 13, ,-12, , Transitions of Both
Conformers of Glycine®

peak
inten-
sity, electric no.
con- fwhm, arb field, of
former v, MHz MHz units  V/cm  scans

I 90233.63 (10) 1.48 127 1400 18
II 94719.70 (20) 4.10 238 800 10

yi'lv =52

@ The temperature of the molecules was assumed to be equal to
the temperature of the plates which was 200 °C.

Stiefvater in the analogous conformer of propionic acid (64 % 3
AT
cm ),

Energy Difference between Conformers

One of the most important objectives of this study was the
determination of the energy difference between the two glycine
conformers. To accomplish this, intensity measurements were
made on the 1354-12; ; transition of both conformers. The total
intensity of a rotational transition can be expressed aseq !. In

v = kf, NV ABC(e "**Ty(2J + D 2(v?/ Av) )

the equation v is the measured intensity and « is a constant which
contains a number of the universal constants. The vibrational
partition function, f,, was not evaluated but was assumed to be
equal for both conformers. This is a valid assumption since the
major contribution of f, comes from vibrational modes with fre-
quencies less than about 500 cm™ and both conformers have
similar low-frequency torsional motions in this frequency range.
N is the total number of molecules/cm?®. A4, B, and C are the
rotational constants, e ™*/*T is the Boltzman factor for the ro-
tational partition function, u, is the molecular electric dipole
moment along the a principal axis, » is the frequency of the
transition in question, and Ay is the line width. With thz above
assumptions included and taking the ratio, eq 1 simplies to eq 2.

u_ W ABC(C_WR/“)#az(ﬁ/AV))n_@ 2

M (VABCE T2 an)) Vi

Generally A is taken to be the same for both conformers. Here,
however, it is not possible since the line widths differ greatly due
to the large difference in dipole moments. Therefore, the inte-
grated intensity was used to determine the total line intensity.
Thus v is redefined as v,” = v,Av;. If thermal equilibrium is
assumed, the ratio of Ny/N; is equal to the Boltzman factor,
e "/*T where W, is the energy difference between the Oy levels
of conformers I and II. Including these terms and rearranging
we get eq 3, which is used to determine the energy level separation.

7"’) (V/ ABC(e "#/¥T)p 2%,
Y J (\/ABC(e"R/¥ Ty, %)y

Table IV summarizes the data for the transitions used in the
relative energy determination. In both cases Gaussian curves were
fitted to the absorption lines to get the full width at half-height
(Av) and relative peak intensity. The value for the energy sep-
aration is =490cm™! with I being Jower in energy than IL

There are two independent sources of error in the relative energy
measurements. The first is the uncertainity associated with overall
relative sensitivity of the spectrometer at the two different fre-
quencies. The magnitude of this uncertainty is probably less than
10%. The larger uncertainty is due to the error associated with
the dipole moment measurement of I, which gives rise to
=100-cm™ uncertainty. Adding these together gives 490 + 150

W.=-kT In ( (3

(9) Larkin, D. M.; Gordy, W. J. Chem. Phys. 1963, 38, 2329-2333.
(10) Wofsy, S. C.; Muenter, J. S.; Klemperer, W. J. Chem. Phys. 1971,
55, 2014-2019.

(11) Stiefvater, O. L. J. Chem. Phys. 1975, 62, 233-243.
(12) Townes, C, H.; Schawlow, A. L. “Microwave Spectroscopy”,
McGraw-Hill: New York, 1955; pp 101-102,
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Table V. Comparison of Experimental Results with Ab Initio Calculations for the Low-Energy Conformers of Glycine

conformer I conformer II

conformer III

expt? theory® expt¢ theory® theory®
A4 10341.76 (17) 10300.8 10130.47 (62) 10095.4 9949.6
B 3876.195 (9) 3890.3 4071.473 (36) 4107.6 4052.0
C 2912.361 (10) 2917.8 3007.538 (44) 3021.0 2976.6
Ha® 1.0+ 0.15 1.0 4.5 6.4 0.3
up® >0 0.5 1.4 1.7
E, cm™ 0 0 490 + 150%cm™ 770 [350]% cm™? 665 cm™

@ This work. P The rotational constants, dipole moments, and energies under the “theory™ heading were calculated by using the data pre-
sented inref 5 and 6. € These rotational constants are from ref 1. < The units on all rotational constants are megahertz. € All dipole moment

values are in Debye.
energy differences due to zero point effects. For details see ref 5.

cm™! as the energy level separation.

Discussion

At this point it is probably worth considering all of the ex-
perimental evidence to convince ourselves that the observed
conformer is indeed the one represented as I. As mentioned in
the first paper on glycine, it is difficult to make assumptions about
different conformers of glycine solely on the basis of comparisons
with estimated structures since all conformers have similar ro-
tational constants. One must rely also on the nonplanar moment
A =], + I, - I and the molecular dipole moment. The nonplanar
moment for the ground state of the observed conformer is A =
+5.719 u A? which is consistent with a planar heavy-atom
structure, with the two methylene and two amino hydrogens
symmetrically placed out of the a, b plane. This narrows the
number of possibilities to the eight configurations which have all
heavy atoms in the symmetry plane.!? Of these eight, one has
already been determined to be II so there are seven remaining
choices. Several of these can be readily eliminated by considering
the relative energy as calculated by Vishveshwara and Pople.*

After this is done, the two reasonable choices that remain are
Iand III. Tis certainly the favored choice because it is calculated

CONFORMER IIL

to be the lowest energy conformer and the newly assigned species
is 22490 cm™ lower in energy than II which is qualitatively the
amount also predicted by Vishveshwara and Pople.* Once the
choice has been narrowed to two, it becomes feasible to increase
the level of sophistication of the ab initio calculations and to
optimize the geometry to obtain the “best” structure for each of
I, II, and ITI. These calculations have recently been reported by
Schifer et al.® The results of these calculations are summarized
in Table V. A comparison of the experimental and theoretical
constants in Table V indicates that the obvious choice for the newly
assigned conformer is indeed I. The agreement between the
experimental rotational constants and those calculated from theory

(13) For further clarification of this point see Table V in ref 1.

f Reference 14. £ The value in brackets is an estimate of the energy difference after taking into account approximate
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Figure 3. log-log plot showing the data used for the determination of
the dipole moment of I.

for I and II is extremely good and lends confidence to the as-
signment of the glycine spectrum reported here to conformer I
and the spectrum reported earlier! to II as originally suggested.

It is gratifying that the theoretical work and the experimental
data are now in agreement and that the apparent anomaly con-
cerning the lowest energy form of glycine in the gas phase has
been resolved.!*614 As mentioned earlier, this is an extremely
important matter from an astronomical point of view. This paper
provides the basis to begin the astronomical search for conformer
I, the most likely conformer of glycine to exist in cool interstellar
dust clouds.
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