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Abstract

N-Diaziridyl anion (), the conjugate base of a simple hydrazine, has been generated in a Fourier transform mass
spectrometer (FTMS) by reduction of the nitrogen—nitrogen double bond in diazirine. The acidity of its conjugate acid (390
3 kcal mol 1) and the electron affinity of its corresponding radical (0:50.10 eV) were measured. These data are combined
in a thermodynamic cycle to afford the N—H bond strengttrams-diaziridine @, 88 + 4 kcal mol ). This value represents
one of the few such bond energies reported for a hydrazine. High-level ab initio complete basis set-quadratic configuratio
interaction/atomic pair natural orbital (CBS-QCI/APNO) calculationsloand the parent hydrazyl anion (NNH™) are
presented. These results provide strong confirming evidence for Berkowitz’s recent determination of the N—H bond strengt
in hydrazine. (Int J Mass Spectrom 185/186/187 (1999) 179-187) © 1999 Elsevier Science B.V.
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1. Introduction 76-117 kcal mol* [2]. Part of the problem in
measuring this quantity is that the,M-NH, bond
Hydrazines are an extensively used class of com- (BDE = 65 kcal mol'Y) is weaker than the

pounds whose applications range from agriculture and H,NNH—-H bond [3,4]. It also has proven difficult to
rocket fuel to polymers and medicine [1]. Despite accurately determine the ionization potential of hy-
their utility, the published thermochemistry of hy- drazyl radical (BNNH), although Ruscic and
drazines appears limited mainly to heats of formation Berkowitz have reported a precise measurement of
and ionization potentials. Very few N—H bond disso- this quantity that when used in a thermodynamic cycle
ciation energies (BDEs) have been reported, and leads to BDE(HNNH-H) = 80.8 + 0.3 kcal mol*
many of these results are unreliable. For example, [2a]. This bond energy is in excellent accord with
published values for the N—H bond strength in hydra- high-level ab initio calculations [5] and appears to be
zine (H,NNH,) span a 41 kcal mol* range from reliable, but has yet to replace the commonly listed
value of 87.5 kcal mol' [6]. The situation for
- methylhydrazine and dimethylhydrazine is not as well
* Corresponding author. , _ resolved, and it is likely that most, if not all, of the
Dedicated to Michael T. Bowers on the occasion of his 60th . . .
birthday and in honor of his seminal contributions to gas-phase ion literature values are incorrect; reported bond energies
chemistry. are as follows: BDE(MeNHNH-H)= 66 = 5 [7a]
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and 112 [7b] kcal mol*, BDE(H,NN(Me)-H) = 124
[7b] kcal mol *, and BDE(MgNNH-H) = 85 + 5
[7a] and 113 [7b] kcal malY).

Liquid-phase bond dissociation energies for some
phenylhydrazine derivatives (ArNHNH were re-
ported recently [4]. These values were obtained by
measuring the ig,, of the hydrazine and the oxida-
tion potential of its conjugate base, and combining
this data as shown in Eq. (1):

BDE(HA) = 1.37 [Kpa + 23.1 E (A7) + 73.3( |
1

The N-H bonds for these compounds were found to
be weaker than in the corresponding aniline deriva-
tives (ArNH,) by 18 kcal mol'?, on average, as a
result of the stabilizing two-center three-electron
bonding in the hydrazyl radicals (ArNNMj This
methodology, however, is limited to acidic hydrazines
(i.e. hydrazine and alkylhydrazines are not acidic

enough to be studied) and solvation effects must be

considered.

An alternative approach is to obtain bond dissoci-
ation energies in the gas phase by relating
AH .i(HX), IP(H), and EA(X) in a thermodynamic
cycle [Eq. (2)]. To our knowledge, only one

BDE(HX) = AH,.i(HX) — IP(H) + EA(X) (2)

conjugate base of a hydrazind,N’-diphenylhydra-
zyl anion (PhNHN Ph) has been reported [8]. This

stabilized species was generated by Nibbering et al.

via deprotonation of hydrazobenzene (PhNHNHPh).

Thermodynamic measurements revealed a 15 kcal

mol~* weakening of the hydrazine N-H bond relative
to aniline (i.e. the bond energies are 73 and 88 kcal
mol ™!, respectively) that is similar to the stabilization
observed in solution. Unfortunately, the same ap-
proach is not useful for preparation of the conjugate
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3H-Diazirines (or simply diazirines) are cyclic
isomers of diazo compounds with a nitrogen—nitrogen
double bond. Numerous derivatives are known [10],
and we have previously exploited these compounds to
prepare vinyl anions [RRE=CR’'", Eq. (3)] [11] and
cyclic 41 electron systems in the gas phase (Eq. 4)
[12]. [Deprotonation of phenyldiazirine also affords a
small amount of a @Hg ion (M—H-N,).] Herein, we
describe the reduction of diazirinec-CH,N,) to
afford N-diaziridyl anion (), a simple alicyclic hy-
drazyl anion (Eqg. 5). The reactivity and thermody-
namic properties ofL are reported, the N-H bond
strength intrans-diaziridine @) is presented, and the
experimental results are compared to high-level ab
initio molecular orbital calculations at the complete
basis set-quadratic configuration interaction/atomic
pair natural orbital (CBS-QCI/APNO) [13] level of
theory.

RRCH N &
\ —
N .BH

N=—N
\ RR'C=CR"
[RR C=<R“ } T (3)
-

R N R N
>L\\N YA )

H R=H, tBu or Ph

H

y
— [\ - @ )
1

A-O

2. Experimental

Caution: Diazirine is explosive, particularly upon
freezing to liquid nitrogen temperatures.
Diazirine was prepared by oxidation of methyl-

bases of hydrazine and 1,1-dimethylhydrazine, pre- enediamine sulfate [14]. In one portion, 0.5 g of
sumably because the resulting anions are thermody-3CH,(NH.,), - 4H,S0O, was added to a stirred solution

namically unstable with respect to electron loss (i.e.
they are unbound) [9]. A similar situation exists for a

of 150 ml of 0.7 N NaOCI and 5 ml of saturated
NaOH at 0°C. (This amount of oxidant is sufficient

number of alkyl anions, but the electron affinities of for 8.0 g of sulfate salt) The resulting gaseous
the corresponding radicals can be increased by incor- product was carried in a stream of argon through a
porating them into strained small-membered rings.  saturated sodium hydroxide solution and then col-



K.M. Broadus, S.R. Kass/International Journal of Mass Spectrometry 185/186/187 (1999) 179-187

lected in 20 ml of decalin at-78°C. Argon was
allowed to flush through the apparatus for 15 min
following dissolution of the salt, and then the system
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Torr. The resulting product ions were monitored as a
function of time.
Ab initio calculations were carried out using

was opened to atmosphere and the decalin trap wascaussian 94 [17] on UNIX-based workstations or

closed. The product was kept cold (freezer tempera-
tures or below) at all times. In this procedure, no
ground glass joints were used; the reaction flask,
sodium hydroxide bubbler, and decalin trap were
connected with 1/4 glass tubing and Cajon union

fittings. [This safety precaution was taken despite no

Cray supercomputers. The CBS-QCI/APNO theoret-
ical model was selected for our system because we
found it successfully reproduces a number of ammo-
nia’s thermodynamic properties (vide infra), and it
accurately describes several isomeric 8k ‘CHN,,

and ~CHN, species [18]. In order to obtain accurate

known reports of denotation of diazirine upon contact molecular energy calculations, convergence of the
with glass joints or scratches (in comparison to one electron and the many electron expansion is
diazomethane). We have safely prepared diazirine needed. Pople’s quadratic configuration interaction
several times using a setup that contained ground (QCIl) approach [19] adequately approximates the
glass joints.] latter requirement while the CBS models were devel-

A dual cell model 2001 Finnigan Fourier transform oped to address the former problem (i.e. to reduce
mass spectrometer (FTMS) equipped with a 3.0 T errors arising from truncation of the basis set). Details
superconducting magnet was used to carry out the of the CBS-QCI/APNO model (denoted as CBS/
gas-phase experiments. In order to introduce diazirine APNO from here on) are well documented [13], but it
into the instrument, a freeze—pump—thaw cycle of the is worth noting that this additive approach makes use
decalin solution was requiredExtreme cautiorwas of a QCISD/6-311G(d,p) geometry and a HF/6-
used because of the explosive nature of diazirine 311G(d,p) zero-point energy correction using 0.9251
during the gaseous to solid state transition [15]. The as the scale factor. Higher-order correlation is ob-
problematic nature of this transition was verified in a tained by a single point energy determination at the
few explosive incidents. To circumvent the problem, QCISD(T)/6-311 +G(2df,p) level of theory in most
only about 80% of the decalin solution was frozen. cases whereas estimates of the CBS limit are achieved
The top portion was maintained as a liquid to serve as
a buffer preventing gaseous diazirine from condens-
ing onto solid decalin and forming high local concen-
trations. By taking this necessary precaution, we were
able to safely degas diazirine solutions.

Hydroxide was generated by electron ionization of
H,O at 6 eV and was allowed to react with 1,4-
cyclohexadiene in one cell of the FTMS to afford
cyclohexadienide (§H7). This ion was isolated using
a stored waveform inverse Fourier transform
(SWIFT) [16] and transferred to the second cell where
it was allowed to react with a static pressure X1
10’ Torr) of diazirine for 7 s. The reduced ionmafz " a0 500
43 corresponding to CIN, subsequently was iso-
lated by ejecting the residual cyclohexadienide and
any other ions in the cell (Fig. 1). A static pressure of
argon, 1x10 7 Torr, Was. mamta.med in the Ce_” to Fig. 1. (a) Reaction of cyclohexadienidavg 79) with diazirine;
serve as a cooling gas while reactions were carried out () islation ofN-diaziridyl anion @, m/z 43). Theinset shows the
by pulsing in probe reagents at pressures of 30 °

(@)

43

79

26 33

L

(b)

43
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reaction ofl with D,0.
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by extrapolating MP2 calculations to infinite order calculated to be 6.5 kcal mot more stable than its
pair energies. The computational demands of this cisisomer at the MP2/6-31G(d)//HF/6-3HG(d) +
approach are reported to be somewhat greater than GZZPE level (see [25]) and, therefore, is the expected
theory, but so is the accuracy [i.e. the mean absolute protonation product ofl.) This result is in excellent
deviations from experiment for the G2 test set are 1.2 agreement with the CBS/APNO value of 389.5 kcal
kcal mol * (G2) and 0.5 kcal mol* (CBS/APNO)] mol~*. The H/D exchange data are also in accord with
[13a). In this work, temperature corrections from the 16.5 kcal mol* calculatedAAH:, ., difference
0-298 K were made by scaling the computed HF/6- between the nitrogen and carbon aciditiestriens
311G(d,p) harmonic frequencies by an empirical fac- diaziridine @).
tor of 0.8929 [20]. Ring-opening oN-diaziridyl anion to 1,2-diazallyl
anion () needs to be considered as the rearrangement
is calculated to be exothermic at the CBS/APNO level
3. Results and discussion by 30.5 kcal mol! [Eq. (7)]. The observed ion,
however, is too basic to be a 1,2-diazallyl anion and

Some years ago we reacted diazirine with cyclo- jts reactivity (vide infra) is inconsistent with the
hexadienide or HNO in a variable temperature known chemistry of 3-methyl-1-azallyl ion

flowing afterglow device at subambient temperatures, (CH,CH=CH-NH", 4) [26]; 4 is a reasonable model
but these reactions were too slow and no more than afgy 3 since a nitrogen at the central position in an
trace of an ion corresponding to the mass of a reduced g)ylic anion only has a small effect on the system and
product was detected [21]. By carrying out this it js stabilizing [27]. In comparing their behaviot,
transformation in the low pressure environment of a agcts completely with MeOD to give MeOvhereas
Fourier transform mass spectrometer, it was found 4 undergoes two H/D exchanges and does not afford
that cyclohexadienide slowly reduces diazirine [Eq. (5)] any methoxide. CBS/APNO calculations also indicate
and the resultind\-diaziridyl anion () can be readily  that 1 2-diazallyl anion is not basic enough to depro-
isolated after a reaction perio 0s (Fig. 1). Thision  tonate methanol (i.e. the predicted proton affinity is
undergoes hydrogen—deuterium (H/D) exchange with 375 2 kcal mor? at nitrogen and 369.5 kcal mot at
D0 (AHq = 3929+ 0.1 keal mol™) [22] and  ¢arhon) and its electron binding energy is too large
incorporates up to two deuteriums, but no Ol (vide infra). Significant barriers for isomerizations of

observed. The first exchange takes place significantly thjs type have been reported as well [28].
faster than the second one indicating that there are two

nonequivalent incorporation sites, which is consistent

with the proposed structure far[23]. Stronger acids T

such as fluorobenzen&\f;, = 387.2 = 2.5 kcal N N

mol~%) and MeOD QAH:.. 4 = 383.5 + 0.7 kcal L\N- —= /=N ()
mol 1) [24] protonate (deuteronaté)that enables us 3

to assign the acidityAH;;y of the conjugate acid as AH n = -30.5 keal/mol (CBS/APNO)

390 = 3 kcal mol'! (Eg. 6). (ransDiaziridine is

The electron affinity ofN-diaziridyl radical (R)
was bracketed by monitoring the occurrence or non-

li' T occurrence of electron transfer with standard refer-
N N . ences. A value of 0.5@- 0.10 eV was determined
L\N, - L\N— + H (6 based upon the following data: electron transfer is
2 H 1 observed upon reaction dof with m-CFCgH,CN
AH acig = 390 + 3 keal/mol (expt) (EA =0.67* 0.10eV) and CS(EA = 0.51+ 0.10

= 389.5 kcal/mol (CBS/APNO) eV), but not observed witlp-FC;H,CHO (EA =
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0.486+ 0.017 eV), CHNO, (EA = 0.48+ 0.10 eV) reaction of1 with nitric oxide slowly affords small

or COS (EA= 0.46=* 0.20 eV). These results and our amounts of HNO. Hydride transfer is not observed

assignment are in good accord with the calculated in the reverse direction so these results indicate that

CBS/APNO values obtained by comparing the direct the hydride affinity of diazirine is=40.2 kcal mol %,

energy difference betweeh and 1R (0.45 eV) and This experimental assignment is in accord with the

using the isogyric approach shown in Eq. (8) (0.46 eV). CBS/APNO prediction for this quantity of 27.9 kcal
mol~1. These results also further distinguisfrom a

H H ring-opened isomer because 3-methyl-1-azallyl anion
| rL does not react with MD and reacts with CSto give
N _
Z_\ 4 NHy —— L\ 4 ONH; ®) SH .and .CI-gCH=C(SH)S“ [261. Ny . .
N N It is of interest to compardl-diaziridyl anion with
1 1R

the parent hydrazyl anion, NNH ™. Deprotonation
of hydrazine with strong bases in a flowing afterglow
or FTMS, however, does not afford the target ion;

Given our experimental data for the proton and instead only signal loss is observed [9]. Presumably,
electron affinities ofl and 1R, the N-H bond disso-  this occurs because the hydrazyl anion is unstable
ciation energy intransdiaziridine is found to be ~ With respect to spontaneous electron detachment.
88.0 = 4 kcal mol™* [Eq. (9)] by the application of ~ Computational results therefore were used to obtain
the thermodynamic cycle shown in Eq. (2). This result the relevant thermochemistry. CBS/APNO calcula-

is in good accord with the predicted CBS/APNO bond tions reproduce the acidity and N-H bond energy of
energy of 86.1 kcal mol*. ammonia as well as the electron affinity ®iH,

(Table 1). Equally impressive results for these three
quantities AHZ., BDE, and EA) on the diaziridine

EA(1R) = AH y (CBS/APNO) + EAgypt (NHo)

'i’ T system were obtained, and the N—H bond dissociation
N N\ . energy of hydrazine is in excellent accord with
L\N,I - Z_N- + H 0O Berkowitz’s experimental determination [2a]. Based
H upon these comparisons and previous work in the

BDE = 88.0 + 4 kcal/mol (expt) literature [13a], it is reasonable to expect that the

= 86.1 keal/mol (CBS/APNO) computed values forAH; {(NH,NH,) and EA

(NH,NH) are reliable and that the energetics given

N-Diaziridyl anion reacts with CS COS, and NO below probably are accurate to within 1-2 kcal
predominantly via hydride transfer to afford HCS mol 1.
HCOS , and HN,O™ [Eqg. (10)]. These reagents have The N-H bond energies of diaziridine and hydra-
hydride affinities (HA) of 67.3, 67.3, anet37.3 kcal zine are within 4 kcal mol* of one another [Eq. (11)]
mol~* [29], respectively, which covers too broad a and are considerably weaker than in ammonia (21.7
range to make any reasonable assignment of dia-and 25.6 kcal mol*, respectively) because of the
zirine's hydride affinity. Thereforel was reacted  stability of the resulting delocalized radical. Both
with benzaldehyde (HA= 45.9 kcal mol ) and nitric hydrazines have nearly equal bond energies because
oxide (HA = 40.2 kcal mol'Y) in order to bracket the  the greater electron affinity dfR relative to NHNH'
hydride affinity more accurately. In both instances

there is a significant activation barrier but in the H
former case no reaction is observed betwéeand rL N
CgHsCHO or GH,CH,O™ and diazirine. This pre- L\N_ . A Ll\N . AH (10)

vents any thermodynamic information from being
deduced from these observations. In contrast, the A =COS, CSp, NoO or NO
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Table 1
Experimental and CBS/APNO acidities, bond dissociation energies, and electron affinities
AH(HX)® EA(X)® BDE(HX)?
cmpd (HX) Calc Expt Calc Expt Calc Expt
NH,—H 403.9 404.0+ 0.4° 0.766 0.772+ 0.003 107.8 108.2 0.3
(106.4) (106.7+ 0.3f
NH,NH-H 400.2 -0.179 82.2
(—0.173) (80.8) (80.8- 0.3
29 389.5 390+ 3 0.449 0.50+ 0.10 86.1 88t 4
(0.455) (84.6)
CH;=NNH-H 375.2 1.50 96.1
(94.7)

a Acidities and BDEs are in kcal mot. Electron affinities are in eV.

b Acidities have been corrected to 298 K.

¢ Electron affinities areteD K and represent the direct energy difference between the anion and radical. Parenthetical values were obtainec

via an isogyric reaction such as in Eq. 8.
9 Bond energies are at 298 K. Parenthetical values are at 0 K.

€J. Berkowitz, G.B. Ellison, D. Gutman, J. Phys. Chem. 98 (1994) 2744.

fSee [2a].
9Values correspond to the N—H bond or the N-centered radical.

" AH:q = 369.5 for the isomeric diazene resulting from C-protonatios.of

H H
|

[
N N
/ \N\ + NHNH® —— / \N_ + NHNH, (1)

H
AH oy = BDE(2) - BDE (NH,NH-H)
= +3.9 kcal/mol (CBS/APNO)

(AEA = 14.5 kcal mol'Y) is nearly canceled by the
increased acidity a2 compared to NENH,, (AAHZ g

= —10.7 kcal mol?). These acidity and electron
affinity differences can be largely attributed to the
stabilization of the diaziridyl anion; incorporation of
the hydrazine moiety into a three-membered ring
changes the hybridization such that the lone pairs of
electrons inl are in orbitals with increaseslcharac-
ter. Radicals show the opposite trend with respect to
hybridization, so 1R is destabilized relative to
NH,NH" and this accounts for whxEA is somewhat
greater thamAAHZ.4 The analogous hydrocarbons
also display similar behavior [22].

Geometric constraints itmans-diaziridine force the
nitrogen lone-pair electrons into &ans or anti
orientation. This geometry is atypical in that most
hydrazines adopt a gauche conformation [30]. Never-

nation and the removal of a hydrogen atom in both
trans-diaziridine and hydrazine. That is, the N-N
bond elongates in the anion and contracts in the
radical; full geometrical data are given in the Appen-
dix. These structural effects and the differences be-
tween the cyclic and acyclic substrates also must
affect the thermodynamic properties of these species.
Hydrazine is computed to be 3.7 kcal mblmore
acidic than ammonia. This small difference is not
surprising because replacing a hydrogen at a charged
carbon center by ar-withdrawing andw-donating
substituent such as NHOH, or even F often has little
effect on the proton affinity of the carbanion [26].
[Interestingly, the same changes at an oxygen center
have a large impact on the acidity (iZeH;(H-,0) =
390.7,AH;{EtLNOH) = 370.6,AH; (HOOH) =
375.9, andAH ., (HOF) = 367.3.] In contrast, the
electron affinity of NH, and'NHNH,, differs by 0.95
eV. This large variance is a result of the extra
stabilization in the hydrazyl radical and leads to a
predicted electron affinity of-0.17 eV. This means
that the radical is more stable than its corresponding
anion and accounts for why efforts to produce the
conjugate base of hydrazine ahNJN-dimethylhyd-

theless, the same trends are observed upon deprotofazine have met with failure, even when the deproto-
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nation was carried out in our flowing afterglow at

N-Diaziridyl anion (L)

subambient temperatures under conditions that enable X y
. : c 0.686425 —0.284289
us to detect weakly bound ions such as the conjugate 0.768593 0.387848
base of cyclohexene and N(9]. N —0.002177 0.927446
H 1.092305 —0.777250
H 1.296639 —0.619404
4. Conclusions H —1.112109 —0.674801
E = —149.25581 hartrees

N-Diaziridyl anion, the first conjugate base of an
aliphatic hydrazine to be observed in the gas phase,
has been prepared. By measuring the acidity of its
conjugate acid and the electron affinity of its corre-
sponding radical, we were able to derive the N-H

bond dissociation energy fdransdiaziridine via a

thermodynamic cycle. Our results are in excellent
accord with high-level CBS/APNO calculations and
provide strong support for Berkowitz's determination
of the N—H bond energy for hydrazine.
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Appendix

Absolute energies and calculated structurggz(

coordinates) are provided for all of the computed
species in this article. All structures were optimized at
the QCISD/6-311G(d,p) level. CBS-QCI/APNO en-

ergies are at 0 K.

trans-Diaziridine @)

X
C 0.000000
N 0.000000
N 0.000000
H 0.915672
H —0.915672
H 0.965080
H —0.965080
E

= —149.87417 hartrees

y
0.000000

0.748122
—0.748122
—0.076640

0.076640

0.987525
—0.987525

z

0.797350
—0.443499
—0.443499

1.379671

1.379671
—0.667229
—0.667229

X y
N 0.008854 —0.684250
N 0.008854 0.821772
H —0.576724 —0.972123
H —0.576724 —0.972123
H 1.029488 0.981594
E = —111.17910 hartrees

Hydrazyl radical

X y
N —0.602002 0.025591
N 0.743254 —0.151587
H —1.006869 0.884269
H —1.115739 —0.795467
H 1.133842 0.793165
E = —111.18567 hartrees
Ammonia

X y
N 0.000000 0.000000
H 0.000000 0.935231
H 0.809934 —0.467615
H —0.809934 —0.467615
E = —56.52590 hartrees

185

z
0.008886
—0.169663
0.041377
0.939522
—0.863724
0.768886

z
0.019714
—0.151081
0.023022
0.976086
—0.868276
0.670315

z
—0.078913
—0.078930

0.843874
—0.291457
0.843814
—0.291330

z
0.000000
0.000000
0.792707
—0.792707
0.000000

z
—0.089899
0.029720
0.266740
0.195627
—0.041119

z
0.118726
—0.277028
—0.277028
—0.277028
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Amide (anion)
X
0.000000
0.000000
0.000000

= —55.88455 hartrees

m T ITZ2

Amide (neutral)

X
0.000000
0.000000
0.000000

= —55.85641 hartrees

m T ITZ2

Diazirine
X
C 0.000000
N 0.000000
N 0.000000
H —0.935272
H 0.935272
E = —148.68348 hartrees
C-

Deprotonatedrans-diaziridine

X
C —0.477632
N —0.375505
N 0.816593
H —0.901236
H —0.678718
H 1.358129
E = —149.22960 hartrees
C-

y
0.000000

0.780302
—0.780302

y
0.000000

0.798475
—0.798475

y
0.000000

—0.614805
0.614805
0.000000
0.000000

y
—0.776140
0.747649
—0.074872
—1.072703
1.071880
—0.051771

z
0.153918
—0.538713
—0.538713

z
0.144401
—0.505405
—0.505405

z
0.806356
—0.538783
—0.538783
1.352417
1.352417

z
—0.201517
—0.158140

0.201524
0.802728
0.766451
—0.663762

Deprotonatedais-diaziridine (C lone pair anti to N lone pairs)

X
C —0.037665
N —0.037665
N —0.037665
H —1.129072
H 0.941188
H 0.941188
E = —149.22842 hartrees
C-

y
0.925993
—0.407493
—0.407493
1.189348
—0.520204
—0.520204

z
0.000000
0.746467
—0.746467
0.000000
1.026921
—1.026921

Deprotonatedis-diaziridine (C and N lone pairs syn)

X
C 0.131280
H —0.948460
N 0.131280
N 0.131280
H —0.838568
H —0.838568
E =

—149.21868 hartrees

CH,NNH
X

N ~0.194633

C 1.101324

H 1.658021

y
0.927763

1.273888
—0.398801
—0.398801
—0.628630
—0.628630

y
—0.554239

0.142872
—0.174246

z
0.000000
0.000000
0.751242
—0.751242
1.011933
—1.011933

z
0.000013
—0.000013
0.887328

H 0.975678 1.237873 —0.000752
H 1.658629 —0.175409 —0.886546
N —1.222732 0.139525 —0.000021
H —-0.978717 1.157550 0.000103
E = —149.89126 hartrees
CH,NNH,,

X y z
N 0.085568 —0.534000 0.007801
N —1.116529 0.151146 —0.108311
C 1.148476 0.176173 0.008397
H 2.102887 —0.340037 0.039525
H 1.140456 1.272471 —0.030372
H —1.081122 1.084503 0.298083
H —1.836350 —0.394002 0.345947
E = —149.90049 hartrees
CH,NNH (3)

X y z
N —0.038200 —0.502117 0.000000
C 1.105518 0.161775 —0.000001
H 2.041019 —0.395396 0.000003
H 1.127249 1.266857 0.000003
N —1.214479 0.079434 0.000001
H —1.032621 1.116666 —0.000002
E = —149.30468 hartrees
CH,NNH (3R)

X y z
N 0.036504 —0.548254 0.000000
C —1.074039 0.178927 0.000000
H —2.027746 —0.338404 0.000000
H —1.041409 1.275229 0.000000
N 1.182322 0.100491 0.000000
H 0.981611 1.123952 0.000000
E = —149.24959 hartrees
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