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Published electron capture detector (ECD) data for nitromethane-aittotoluene were analyzed using the
nonlinear least-squares procedure. From this, the adiabatic electron affinities ate @.&® and 0.65+ 0.1

eV and the CN bond dissociation energies are 28¥.1 and 2.0t 0.1 eV, respectively. Negative ion Morse
potentials consolidate diverse data for nitromethane in both the CN and CH dimensions. Curves for
a-nitrotoluene were predicted by analogy to the nitromethane curves. Semiempirical multiconfiguration
configuration interaction (AM1-MCCI) calculations support the above ECD values. For nitromethane, the

calculated values aie(CH) = 4.42 eV, EA(CHNO,) = 2.45 eV, and gas-phase acidity (GPA)15.4 eV.
These agree with experimental literature values. Comparable predicted valuwesifostoluene ardd(CH)
= 3.8 eV, EA(GHeNO,) = 2.4 eV, and GPA= 15.0 eV.

Introduction less than 0.26 eV. ® The existence of a dipole bound state

The formation and destruction of negative ions in ni- Was predicted by theoretical calculatios.
tromethane CENO, has been studied by many different The first purpose of this paper is to present the results of a
techniqued:1® However, there are uncertainties in important nonlinear least-squares analysis of two sets of ECD data
properties such as the adiabatic electron affinity (AEA) and the collected for nitromethane to obtain 0.50 0.02 eV for the
bond dissociation energ(CN). The adiabatic electron affinity ~AEA and D(CN) — AEA(NO;) = 0.31+ 0.05 eV. From this
is the energy difference between the anion and the neutral in€xperimental value and the literature value for the EA(NS
their most stable states. The vertical electron affinity (VEA) is 2-36 eV, the carbon nitrogen bond dissociation energy is 2.67
the energy difference in the geometry of the neutral. The *+ 0.1 €V compared to the literature value, 2:64.1 eV:® A
(DBEA) is a specific type of VEA for molecules with large similar Ieas.t-squares analysis is applied to unpublished ECD
dipole moments. By convention, EAs are positive for exothermic data fora-nitrotoluene, GHNO,.2
reactions. The photodetachment or vertical detachment energy The second purpose of this paper is to present multiple “two-
(VDE) is the energy difference in the geometry of the anion. dimensional” Morse potential energy curves for anions 0gCH
The absorbance maximunE4g is the peak energy in the NOz constructed in the CN and CH dimensions from experi-
absorption spectra of the ground-state anion. The gas-phasénental data, including the absorption and emission spectrum
acidity (GPA) of XH is IP(H)+ D(XH) — EA(X) so thatD(XH) of the nitromethane anion, the gas-phase acidity of nitromethane,
— EA(X) = IP(H) — GPA, where IP(H) is the ionization and the electron affinity of the GO, radical*®~1® Multiple
potential of the H atom. states have been observed for molecules with large adiabatic
The reported adiabatic electron affinities for nitromethane electron affinities® The procedure of consolidating diverse data
range from 0.26k 0.08 to 0.5+ 0.1 eV1=357.914 An average to obtain Morse potentials has been described for the diatomic
value of 0.45+ 0.05 eV was obtained from two determinations, halogen anions, rare gas cations, the negative ion states;0f SF
one in 1969 and one in 1971. Both used electron capture (ECD)and the anions of chloroethylengs 23
data, but neither was published in the open literature until  The use of two-dimensional Morse potentials for dissociative
198313 Several values, each with an error of 0.2 eV, were electron attachment reactions and parent negative ion formation
determined using the alkali metal beam technique in the late in polyatomic molecules is only an approximation to a multi-

1970s. The average of three values is 0:440.12 eV>7?In dimensional surface. In the past, such curves would be used
1988, a value of 0.5- 0.1 eV was obtained from thermal charge cautiously. However, recently a theory of vibrational relaxation
transfer experimentsin 1996, the most recent value, 0.26 in resonant collisions of electrons with large molecules was

0.08 eV, was reported. The adiabatic electron affinity was proposed. It was concluded that “vibrational relaxation results
assigned to the first discernible peak in the photoelectron from the coupling of a few active modes which are strongly
spectrum. No dipole bound state was identified. It was stated, coupled to the electronic degrees of freedom and therefore are
“We estimate that CBNO,~ has about 190 states with energy coherently excited during the formation of the complé®.The
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use of the CH and CN reaction coordinates is thus an appropriatewhere gs refers to the ground state and xs refers to an excited
way to visualize the electron molecule interaction. state. In the case of the nitro compounds, only one state is

Morse potential energy curves for a dipole bound state and involved.

a valence state for GNIO, were proposed in 1978. The valence Four temperature regions have been defined based on relative
state had a CN distance larger than for the neutral andvalues of the rate constants. From low to high temperatures,
dissociated to Cklplus NO(—). The dipole bound state had they are the3 region, whereKy > k-1 + kp) andK = ki/2kp;

the same CN distance as the neutral, 1.47 A, but did not havethea region, whereK_1 > ky + kz) andK = [ kn/2kp][ ky/k-1];

a definite dissociation limit.” In 1991, two bound excited states  the y region, where K, > ky) and k-1 > ky), andK = [ ky/

(D and E) were proposed dissociating to £plus NG*(—) 2kp][ ka/k-1]; and thed region, wherel, > k_; + ky) andK =

and to CH plus NO**( —).° These curves have been used to ki/2kp. In thea region, the absolute electron affinity is obtained.
support the postulate that absorption and emission spectra From eq 2 and the kinetic expressions given below an
observed in a shock tube experiment with liquid nitromethane equation for least-squares analysis can be obtained:

were due to the aniolf.

Another objective is to use the AM1 semiempirical multi- ky = Ay = constant; k, = A, = constant
configuration configuration interaction (AM1-MCCI) procedure
to calculate EA(CHNO,), EA(C;H/NO,), D(CN), D(CH), and
EA(CH:NOy), to support the experimental results. A descriptive
acronym for the procedure is the use of Configuration Interaction
?r_l_.lnrestrlcted Orb_ltals to_ReIate Exper|mer_1tal I_Electron Af- k ,=A ,TexpE_/RT)
inities to Self-Consistent Field Values by Estimating Electron
Correlation (CURES EC). The objective is to minimiz€EA)

k, = AT " exp(E,/RT)

= |{EA(CURES EC)— EA(experimental)|. To date, CURES k= AT exp(~E,/RT)
EC has been successfully appliedEA) < 0.1 eV ] to 3006+
molecules and radicaf§:2° A newly developed quantum The number of parameters for the nitrocompounds is six, two

mechanical computer simulation will be used to verify adiabatic each for the three rate constants. The least-squares equation is
electron affinities. This is designated READS TCT for the

estimation of Relative Electron Affinities by Dimolecular AT ¥ exp—E./R + AT exp—EJR
Simulation of Thermal Charge Transfer experiments. The K= E PCE/RDIAH A, PCE/RD
acronym clearly describes the purpose of the simulation. 2Ap[Ay + A T exp(—E_o/RT) + AT exp(—E/RT)]

3
Kinetic Model of the ECD ®)

The kinetic model of the ECD has been described These data will exhibit ae and ay region. The values of
previouslyl—3.12.253831 |t also applies to thermal negative ion A: and E; are systematically fixed and the other quantities

mass spectrometry, NIM®38.The ECD reactions are determined. For nitrotoluene, there is only one temperature
region. Thex andy regions merge with each other. The absolute
electron affinity is obtained from the slope in theregion:

) K = [ ky/2kollky/k o] =
e + P" —>neutrals [ Ky/2Gl[A/A_]T *?{exp(EART)} (4)

_ k ks
AB +e ?AB(—)_’A‘FB(—)
1

AB(=) + P" % neutrals Ln KT®? = Ln(A\/2A,) + Ln(A/A_)) + EART (5)

Assuming constant positive ion concentratiokis, and k'y The slope in a plot of LrKT®?2 vs 1000T is EA/R. The
can be replaced with pseudo unimolecular rate conskaraad intercept is LnAn/2Ap)+ Ln(A/A-;). By using the statistical
kn mechanical expression fda/k-; = Keq for the reaction of

The experiment consists of measuring the molar response ofthermal electrons with molecules

the ECD or NIMS as a function of temperature. The NIMS data

are the abundance of the specific ions. The molar response is (AJA_) = [9(A)/g(A)] h3/(27rmek)3’2 (6)
. . 11

simply the integrated count per mole of a sample molecule, AB.

In the ECD, the data allg- , the electron current in the presence,

and I, the electron current in the absence of the capturing

species. At steady state and low capture

wherem, is the electron mass aridandh are the Boltzmann

and Planck constants. Thys are partition functions, and Ln-

(Ad/A-1) = 12.43 + Ln(An/2Ap) + Ln([g(A7)/g(A)]). The

intercept involves the ratio ofA{/2Ap) so that the concentration

of the positive species and the temperature dependence of the

intrinsic rate constants will cancel and not affect the value of

the slope. A value of\/2Ap can be obtained by measuring the

ECD temperature dependence of a compound with an accurate

AEA and a unit partition function ratio such as acetophenone.

(gs)+ From an estimate of Li\/2Ap), and an experimental intercept,

[9(A7)/g(A)], the partition function ratio, PFR, can be calculated.

The observed PFR values range from 1 to.0Che ECD and

(xs) (2) NIMS experiments are the only ones that have been used

extensively to measure PFR values.

{1, — 1.}, = K[AB]/2 1)

In generalK can be related to the rate constants for two states
ag®

. [ kulky + ko)
20ko) s+ oy + k)

’ kalky + ko)
2oy + ky + k)
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In the y region, the slope is approximately equal to (EA
E,) sinceK = [ko/2kp][ki/k-1] and

This then brackets the value for the test species. The quantum
mechanical calculation is carried out, and the charge densities
on the two molecules are observed. The relative charge density
is greater than unity for a molecule with an AEA lower than
the test AEA and less than unity for one with an AEA higher
than for the test molecule. The radicals formed from ni-
tromethane andt-nitrotoluene by the removal of a hydrogen
atom and N@ should have about the same AEA, so the ratio
should be about unity.

Ln KT¥? = Ln(T/2A;) + Ln(AA/A_,) + (EA — E,)IRT
)

SinceE; is greater than EA, there will be a change of the
direction of the slope in the transition from theo they region.
The experimental quantity, (EA- E) is equal toD(CN) —
EA(NOy).

In the 5 or 6 region,K = ki/2kp and the ECD data defines
A; andE;. Alternatively, if the values oA, andE; are known
accurately, such as for C£Ip can be obtained from the ECD
data. TheA; for electron attachment is related #d2, wherel
is the de Broglie wavelength of the electron which can be
calculated from fundamental constants. The maximum value of Y
A is the de BrogligA; value, (DeBA). The value for In(DeBA)
is about 35-36.

Morse Potential Energy Curves

The Morse potentials for the neutral as referenced to zero
energy at infinite separation and the parametrized Morse
potential for the anions are given By?3

(RNO,) = —2D(RNO,) exp(—=A(r —rp) +
2D (RNG,) exp(=28(r —rp) (8)

U(RNO, ) = —2k,D,(RNO,) exp(—kgf(r —rp) +
_ _ _ krD(RNO,) exp(—2kgfi(r — 1)) — EA(NO,) (9)
The quantum mechanical calculations are carried out on a

Pentium desktop computer with commercial software (HYPER- whereD(RNO,) represents the bond dissociation energig
CHEM). The first step in CURES EC is to estimate the EA. the internuclear separation,= r at the minimum otJ(RNQO,),

This can be an experimental gas-phase value, or one obtainecaind EA(NQ) is electron affinity of NQ; 8 = ve(272u/De-

by calibration of half-wave reduction potentials to gas-phase [RNO,])¥2 with u, the reduced masska, ks, and kr are
values, or can be an estimate based on substitution anddimensionless constants. For curves dissociating to excited states
replacement rules. For example, the electron affinities of of NOx(—), the excitation energy must be added to give the
adenine, guanine, cytosine, uracil, and thymine were first proper limit.

estimated by substitution and replacement rules. Next, they were

Quantum Mechanical Calculations

estimated by measurement of half-wave reduction potentials in D,(RNO,") = [k, %/kz ]D(RNO,) (10)
aprotic solvents and scaling to absolute electron affinities

measured in the gas phaBeThese have been confirmed by r (RNO,") = [In(kx/k,)]/[kg BRNO,)] + r{(RNO,)  (11)
CURES EC calculation®2° These are the only experimental

and theoretically verified AEAs of adenine, guanine, cytosine, Vo(RNO, ) = [KnKg /le/z]ve(RNOZ) (12)

uracil, and thymine. Recently, dipole bound and valence state
anions of the nuc_Ieic acids have been observ_edl in the gas phase \pp = D(RNQ,)(1 — 2k, + k;) — EA(NO,) —
and the electron impact and electron transmission spectra have

been measureld:3° On the basis of these data, Morse potentials (1/2w(RNG,) (13)

can be calculated for the negative ion states of these species in N

the same manner as with nitromethane aritrotoluene. This ~ De(RNO, ) = D(RNO,) — EA(NO,) + AEA(RNO,) (14)

will be the subject of a future publication. ) )

Once the AEA is estimated, the geometry optimization Values of AEA, VEA, and EA(NG) give ka andkg using
quantum mechanical calculations are carried out for both the €3 10, 13, and 14. The mass spectrometric ion distribution gives
neutral and the negative ion, sometimes by annealing the_kB by reflecting the distribution (_)f the neutral onto_ the_ negative
geometry. Then MCCI is added. The EA is the difference in 10N CUrves. Any three data points on the negative ion curve,
the electronic energies of the neutral and the negative ion atincluding the standard Morse parameters for the anion, can be
the global minimum. The CURES EC result is designated as used to define the dlmens_lonless parameters. Once the values
UHF- or RHF@anr), where theaarefers to the number of filled ~ Of ke, ka, and kg are obtained, the Morse parameters of the
and unfilled orbitals used in the MCCI for the anion andtine ~ Negative ion curve can be calculated from egs 18 and the
refers to those for the neutral. The UHF and RHF values for Morse parameters for the neutral. Thus the negative ion curve
closed orbital species are the same. The CURES EC procedurdS @S0 & Morse curve.
can only improve upon the UHF- or RHF(0000) values since
these can be the optimum. These AEA are quantum properties
since thea andn values are integers. In the case of the aromatic

Results and Discussion

Electron Capture Detector and Quantum Mechanical

hydrocarbons, the MINDO/a@00) procedure is usually the
most appropriate. In the case of the purines and pyrimidines
and other molecules containing C, H, O, N, and the halogens,
the AM1(@ann) procedure is the most appropriate. For the nitro
compounds the most appropriate is AM1(0033). Fags the
MNDO(0033) calculated value of 2.75 eV is in agreement with
the experimental AEA (2.668- 0.001 eV)3¢

Another method of verifying experimental results is to

Calculations

Figure 1 shows ECD data for CQ(f region), Q (o. andj
regions), GHsCOCHs, acetophenonex(region), nitromethane
(a to ), and nitrotoluene. The use of data for GGInd
acetophenone to determiAg and An/2Ap) has been described
previously?> The curve for Q in Figure 1 was obtained by
fitting the data to the general ECD equation for a single state

simulate the thermal charge transfer experiments. The test(eq 2). The AEA of Qis 0.44 eV, the same as determined by

molecule is merged with anions of species with measured AEA.

many different method®1437 The ECD temperature depen-



ECD Data for Nitromethane J. Phys. Chem. A, Vol. 103, No. 45, 1999075

TABLE 1: Electron Capture Detector Parameters

nitromethane

parameters 1969 data 1971 data a-nitrotoluene
Ln(A1) (36.33) (36.31) (36.25)
Ei(eV) 0.20 0.20 0.23
Ln(A-1) 29.44+0.37 29.76+£0.43 29.75+0.32
E-1(eV) 0.69+ 0.02 0.71+ 0.02 0.89+0.10
AEA (eV) 0.49+0.02 0.51+0.02 0.65+ 0.10
PFR 7x 1073 9.9x 1073 5x 1073
Ln(A2) 29.33+0.41 2950+ 0.46 29.38:0.42
E>(eV) 0.99+0.05 1.02+0.10  0.57+0.10
D(C—N) — EA(X) (eV)  0.32+0.05 0.31+0.10 -0.32+0.10
D(C—N) (eV) 268+ 0.05 2.67+£0.10 2.040.10

of the partition function ratio is about ¥ 10 3. The values of
10 1. the parameters for nitromethane are consistent from the two
experiments within the errors.

The parameterfs, A1, Ay, andE; for nitromethane and their
respective errors are included in the least-squares data analysis

1000/T for o-nitrotoluene to determine the quantitiés; andE,. The

Figure 1. Global plot of electron capture data as Ki¢’?) vs 10007 resulting AEA of 0.65+ 0.1 eV andD(CN) _Of 20+ 0.1 eV
Calculated curves and data fos @nd acetophenone, and calculated @'€ reasonable. The AEA should be higher than that for
curves for CCJ and nitromethane. The @nd thea-nitrotoluene data nitromethane based on the replacement of a hydrogen atom with
are taken from ref 2 while the use of the acetophenone and @t a phenyl group. Th®(CN) for a-nitrotoluene is 0.65 eV lower
to characterize the detector is discussed in ref 25. The dotted lines withthan that for nitromethane in agreement with the average

a po;itiye slope are (_jata in tlu_eregion, where the adiabatic electron  jifference in the CX bond energies in @Hand GH; X.15
affinity is equal to this slope timeR, the gas constant. The CURES EC calculations using AM1-MCCI (RHF(0033))
31 — of the EA (CHNO,), EA(C7H;NO,), D(CN), D(CH), and EA-

(CH;NOy) agree with the experimental results within the error.
0T ®o.q There is a significant change in the geometry of the anion of
29 1 Q"o nitromethane. Also calculated ab§CH) = 4.42 eV, EA(CH-

. °q NO,;) = 2.45 eV, and gas-phase acidity 15.4 eV for
T a-C7;H;NO, e nitromethane in agreement with experimé&ht® Similar pre-
274+ % e dicted values for nitrotoluene ai®(CH) = 3.8 eV, EA(GHe-
2 | § . NO,) = 2.4 eV, and GPA= 15.0 eV.
The simulated charge transfer experiments were carried out
B+ o o6 for the anions of nitromethane ;87NO,, CH:NO,, and GHs-
oa L Cu, ey CHNGO,. Molecular oxygen, AEA= 0.45 eV, transferred charge
Tog oy g te to all four of the species. The nitromethane anion transfers
23+ e, °T7, " CHNO, charge to GH-NO,, placing the electron affinity of nittomethane
2 | o6 1071 between 0.45 and 0.65 eV7I&;NO; receives charge from benz-

[elpyrene (AEA= 0.56 eV), and gives charge to plaraCsHs

21 ’ ‘ (AEA = 0.73 eV)?73%Each of the three species receives charge
1.8 23 28 from the methoxy radical (AEA= 1.6 eV)!331In all the
1000/T dimolecular simulations involving 1sCHNO,, CH,NO,, and

Figure 2. Electron capture data as IKi(*?) vs 10007 for nitromethane NO; the charge is equally distributed. Thus the electron affinities
anda-nitrotoluene originally obtained in 1969 and 1971, refs 1 and 2. of the three nitro radicals are comparable and are greater than

. 1.6 eV. These results support the experimental values and the
dence of Q could have been calculated from literature data and «,oojute” values calculated using CURES EC.

the Ap and Ay values. This is a global plot and illustrates the
different types of temperature dependence that have been

) S . ~~ Morse Potential Energy Curves
observed in the ECD. The limiting value of the intercept is o4

determined from the de Brogli& value. The slopes in the Morse potential energy curves for nitromethane aruitro-
region are proportional to the adiabatic electron affinity of the toluene are shown in Figures-8. In Table 2 the dimensionless
molecule. constants and the Morse parameters are given. Figures 7 and 8

In Figure 2 the ECD data for nitromethane and nitrotoluene illustrate the use of electron impact and photoelectron spec-
are presented on a larger scale. The curves have been obtainetioscopy distributions to define the X and A states of ni-
from eq 3 with the least-squares parameters shown in Table 1.tromethane. Only these low-lying states are defined by experi-
The CN bond dissociation energy is 2.670.1 eV and the mental data. Approximations for the bond dissociation energies
AEA 0.504 0.02 eV for nitromethane. Th&, values were set  for the other excited-state anions are used. The curves for
to the de BroglieA value in agreement with the experimental a-nitrotoluene are predictions by analogy to those for ni-
alkali metal beam resulfsThe activation energy was adjusted tromethane. The curves use the ECD data and theoretically
manually to give the minimum in the sum of the squares of the calculated properties.
residuals. Then the other values of the parameters were obtained In Figure 3 are the four potential energy curves for ni-
by minimizing the weighted sum of the squares of the residuals tromethane which have been suggested in the literaitit&€he
in an automatic procedure programmed using Excel. The value curves have been adjusted to reflect the current “best” thermo-
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Nitromethane-Literature

CHs + NO2'**
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Figure 3. Morse potentials for nitromethane and anions in theNC
dimension as postulated in the literature in refs 5, 7, 9, and 10. Two
dipole bound states are indicated dissociating to different limits. The
excited states D and E are taken from ref 9.

3 : ]
( Nitromethane -This Work
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Figure 4. Morse potentials for nitromethane and anions in theNC

Chen et al.

a-Nitrotoluene

C:H,+ NO,

Sy S
CH,+ NO,(O* l/EA CoHy

U (eV)

-1+ C;H,(-) + NO,

, L C.H, + NOs()

-3 X NO, twisted

r (C-N) (Angstroms)
1 1

-4 |

0.5 1.5 2.5 3.5 4.5

Figure 6. Morse potentials foa-nitrotoluene and anions in the-M
dimension. The curves are calculated by analogy to those for ni-
tromethane.

for the maximum in the absorption spectra at about 2.2 eV.
Since the present X state had not been suggested, the transition
was assigned to the supposed ground state. The dipole bound
state is nearly coincidental with the neutral curve. Two possible
dissociation limits for the dipole bound state are shown by
analogy to negative ion states of HCI, where more than one
dipole-induced limit was suggestét.

In Figure 4 the Morse curves based upon the present data
are presented. Three new curves X, B, and C are proposed. The
dipole bound state curves have not been significantly modified
from those shown in Figure 3. The A, D, and E state curves are
similar to the earlier ones, but have a smaller CN distdhce.
The X state dissociates to GH NOx(—). The NG group is
twisted in the ground-state anion relative to the neutral. The A
and B dissociate to this same limit, but have a larger CN
distance. They are otherwise in the geometry of the neutral. A

dimension. The X and A curves are overdetermined by electron capture third state (C) leads to the complementary limit, ££H) plus

(this work), photoelectron spectroscopy (ref 10), electron impact (refs

NO,. The dissociation limits for Cklplus NO*(—) and CH-

4 and 6), and absorption spectroscopy (ref 16). There is a change in(—) plus NG, are about the same since the adiabatic electron

the geometry for the X state. The E excited state is taken from ref 9.

2 -

Nitromethane C-H dimension
1

H + CH2NO:
ol e I
o D - —8n |
-1 So’ I ~ i Hi-) + CH2NO:2

2 \ EA (CHNO,)

3 H + CH:NOz(-)

4 b D (H-CH,NO,)

-5 | EA(CHNOY

X' NO, twisted r C-H (Angstroms)
1 —L

1 1 i)
0 1 2 3 4 5

Figure 5. Morse potentials for nitromethane and anions in theHC
dimension. The curves use the values for the adiabatic electron affinity,

s

electron impact data (refs 4 and 6), and estimated bond dissociation

affinity of the methyl radical is small while the excitation energy
of NOx*(—) is about the same as the adiabatic electron affinity
of the NG, radical®® These are illustrated in Figures-3.

The X curve is defined by the CN distance and frequency,
which are the same as for the neutral based on theoretical
calculations!! The third parameter, the dissociation energy, is
determined from the higher adiabatic electron affinity, 0.5
eV.1737-9 The formation of the ground-state anion requires an
activation energyE; , due to the twisting of the nitro group.
Once the ground-state curve is defined, the absorption and
emission spectra of nitromethane can be used to help define
the curves for excited states. In Figure 4, the maximum in the
transition is 2.2 eV but the internuclear distance for the excited
state is based on the internuclear distance of the X state. The
transition is from the X state to the C state. The agreement of
the calculatedEpps With the experimental value supports the
ground-state curve and the literature assignment of the observed
absorption and emission spectrum of the anion of nitrometiane.
The photoelectron spectrum of the X-state anion will exhibit a

energies. There is a change in the geometry for the X state. One dipoleSharp peak at 0.5 eV. The experimental spectrum does show a

bound state is shown.

peak at this energy, but it is superimposed on the much larger
peak from the A state. The lower intensity could be due to the

dynamic data available for the states and the assumption thatactivation energy for the formation of the ground-state ion.
the state previously assigned as the ground state is an excited The A state is defined by the photoelectron spectroscopy

state (A). The construction of the D and E curves drawn to
excited states of Ng)—) using alkali metal beam has been
described in the literatur®Shown in Figure 3 is the transition

distribution, the PES electron affinity of 0.28 eV, and the
electron impact distribution and vertical onset for the formation
of NOx(—) at 0.3 eV which peaks at 0.6 é\,. The calculated



ECD Data for Nitromethane

TABLE 2: Morse Parameters and Dimensionless Constants

J. Phys. Chem. A, Vol. 103, No. 45, 1998077

molecule Ka Ke ks D¢ (eV) re (pm) v (cm?)
nitromethane
neutral C-N 1.000 1.000 1.000 2.73 147.5 1562
dipole bound 1.002 0.918 1.016 2.7 148 1425
dipole bound 0.158 1.674 0.171 0.40 149 1000
X 0.344 1.627 0.389 0.83 150 1400
A 0.383 1.142 0.730 0.55 166 800
B 0.273 1.255 2.035 0.10 200 375
C 0.656 1.256 0.981 1.20 158 1300
D 0.638 1.211 1.013 1.10 160 1200
E 1.258 1.210 2.886 1.50 170 1400
neutral C-H 1.000 1.000 1.000 4.6 110 3000
dipole bound 0.997 1.002 0.997 4.6 110 3000
X' 0.585 1.308 0.585 2.7 110 3000
A’ 0.861 1.181 1.488 2.3 145 2500
B’ 0.876 1.519 1.771 2.0 145 3000
c 0.230 1.849 1.634 0.15 190 1000
D' 0.169 1.883 0.756 0.17 170 1100
nitrotoluene
neutral C-N 1.000 1.000 1.000 2.15 150 1562
X 0.319 1.328 0.485 0.45 160 950
A 0.267 1.313 0.611 0.25 170 700
B 0.251 1.355 1.355 0.10 190 450
C 0.726 1.407 1.132 1.00 160 1500
D 0.703 1.252 0.964 1.10 158 1400

a20Only the X and A CN curves for nitromethane are completely defi

1.2

X State

Relative Abundance

Energy PES (eV)

Figure 7. Calculated and experimental photoelectron spectra for the
X and A states of the anion of nitromethane in the XCdimension,
Figure 4. The data are taken from ref 10.
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Figure 8. Calculated and experimental electron impact data for the A
state of nitromethane in the-\ dimension. The data are taken from
ref 4.

and experimental PES distribution for the A state is a broad
peak at 0.8 eV as shown in Figure 7. The calculated X-state
distribution is shown as a sharp peak at 0.5 eV. The dipole
bound state will give a small sharp peak at less than 0.05 eV.

ined by experimental data. The others use data where available (see text).

The agreement between the calculated and experimental electron
impact curves is illustrated in Figure 8. The onset agrees with
the ECD value, 0.3 0.05 eV. The A state is defined by more
than three points on the curve since ECD, electron impact, and
photoelectron spectroscopy data are available. In addition, the
values of the Morse parameters for the A state are quite
reasonable with a lower bond dissociation energy, a lower
frequency, and a larger internuclear distance in the anion than
in the neutral, as shown in Table 2.

The B state is defined by a sm8I(CN), a larger CN distance,
and a VEA of 4.4 eV from the electron impact dafaThe C
and D states are defined by a bond order of aBuand the
electron impact ion curves which peak at 1.7 and 2.2 eV. This
defines the VEA and the slope of the negative ion curve in the
Franck-Condon region. The anion absorption spectra will be
similar to the 1.7 eV electron impact peak attributed to the C
state, but it will be shifted by the adiabatic electron affinity of
nitromethane (i.e., 1.# 0.5= 2.2 eV). This agrees with the
experimental data for the absorption maximum and supports
the value of the assumed C-state bond dissociation energy.

Another reaction coordinate for the electron impact of
nitromethane is the CH dimension. Five anion curves are shown
in Figure 5. In one of the electron impact studies, the6,-

(=) ion is observed at 4, 5.8, and 7.5 8Vwo curves are drawn

to each dissociation limit, one with a bond order of abbit

and the other closer to a dissociative curve. This corresponds
to similar curves for the anions of diatomic molecules. These
curves are more speculative since less data are available. The
ground-state curve is calculated in the same manner as for the
C—N dimension and reflects the higher electron affinity of 0.5
eV. A single dipole bound state is illustrated.

In Figure 6 the predicted Morse potentials éonitrotoluene

are shown. The similarity to those for nitromethane is apparent.
One major difference is that dissociative thermal electron
attachment is exothermic while that for nitromethane is endot-
hermic. Another major difference is that the electron affinity
of the benzyl radical is larger than that for the methyl radical
so that the C and D states are more clearly resolved. This
supports the postulatd a C state for nitromethane. There are
no data to our knowledge to test these curves.
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The values for the dimensionless constants and the Morse CH, CN= carbon-hydrogen bond distance, carbenitrogen

parameters for the potentials shown in Figure3re given
in Table 2 and are in the nominal ranges. The valuegdare

bond distance
CURES EC= an acronym for the procedure used to minimize

larger than 1 but not as large as 2 for many of the curves. The the deviation between the calculated and experimental electron

values ofka are generally less than 1, indicating a smaller
attraction. Thekg repulsive terms are in the range of 62,

affinities by adjusting the number of orbitals used in the
configuration interaction

indicating both a decrease and an increase in the repulsion in J region = the high-temperature region in the ECD data

the anion. For the dipole bound states, the valudg @ndkg
are about the same.

Summary

The nonlinear least-squares analysis of the ECD data for
nitromethane andx-nitrotoluene give the adiabatic electron
affinities and CN bond dissociation energies. The accuracy an
precision of the values for nitromethane are improved. The
D(CN) value agrees with the literature value. The ECD adiabatic
electron affinity supports the higher values obtained using alkalai

whereA; and E; are determined

De = dissociation energy referenced to the minimum in the
pseudo two-dimensional potential energy curves

D(XY) = X-=Y bond dissociation energy

DBEA= dipole bound electron affinity

DeBA = maximum value ofA; determined from the de

gBroglie wavelength of the electron

E_1 = energy term for the rate constant for thermal electron
attachment
E; = energy term for the rate constant for thermal electron

metal beam and thermal charge transfer procedures. The value§étachment

for nitrotoluene are new and unique. The thermodynamic
properties obtained from the ECD data are supported by
semiempirical calculations of absolute quantities and the de-
termination of relative degrees of charge transfer in a new
simulation of thermal charge transfer experiments. Three new
states for nitromethane are identified: the ground-state X curve,

E, = energy term for the rate constant for anion dissociation
EA = electron affinity= —E; + E_1

ECD = electron capture detector

GPA = gas-phase acidity

K = electron capture detector molar response

ka, ks, kr = dimensionless constant which modifies the Morse

a near repulsive B state, and a bound C state dissociating to thecurves of the neutral to give the Morse curves for the anions

methyl anion and the N£radical. Morse potential energy curves
for six negative ion states of nitromethane in the-NC

dimension have been calculated from experimental data includ-
ing the above ECD, photoelectron spectroscopy, electron impact

data, and the absorption and emission spectra of the ni-
tromethane anion. Only the X and the A states are over
determined from experimental data. Five curves in theHC

ve = frequency of the vibration in the pseudo two-dimensional
Morse curves

PES= photoelectron spectroscopy

PFR = partition function ratio

re = internuclear distance in the pseudo two-dimensional
Morse potential energy curves

READS TCT= acronym for a quantum mechanical simula-

dimension have been calculated. All are in agreement with tion of electron transfer in the gas phase used to estimate relative
experimental data for the gas-phase acidity of nitromethane, the€lectron affinities

electron affinity of the CHNO, radical and the electron impact
formation of the CHNO, anion. Curves foo-nitrotoluene have

been predicted based on limited data, theoretical calculations,

and by analogy to those of nitromethane.
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Nomenclature

o region= alpha region in the temperature dependence of

the response of the electron capture detector; the slope in this

region is proportional to the adiabatic electron affinity

A_1 = preexponential term for the rate constant for thermal
electron attachment

A; = preexponential term for the rate constant for thermal
electron detachment

A, = preexponential term for the rate constant for anion
dissociation

Ap = pseudo-first-order recombination coefficient for elec-
trons and positive ions

AEA = adiabatic electron affinity

AM1-MCCI = Austin model-1 multiconfiguration configu-
ration interaction

An = pseudo-first-order recombination coefficient for nega-
tive and positive ions

B = exponential constant in the Morse potential

p region= the low-temperature region in the ECD data where
A; andE; are determined

RHF(@ann = restricted HartreeFock calculations witlaa
orbitals for configuration interaction in the negative ion amd
orbitals in the neutral

VEA = vertical electron affinity
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