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COMPOUNDS: FLUORINATED HYDROXYLAMINES 
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SUMMARY 

STO-3G and 4-3i.l; calcu%ati.ons have been carried 
out on hydroxglamine and iits fluorinated deriva- 
tives with the hope of shedding some light on the 
electronic structures of these intercs-ting mole- 
cules, The geometries of the hydroxylamines have 
been optimized using both computational methods 
and the rasulting geoaetri.es predicted from the 
t!~o methods are compared . 'Ke have also computed 
the atomization energies, the bond separation 
enei.gies, the hyarogenation energies, the hea-ts of 
formation and the isomerisation energies. Whereas 
STC-3G theory is udequale for hydroxylamine, the 
introduction of fluorines in the molecule neccssi- 
-I;a.?es the use of a more flexi ble basis set (11,31G) 
for adequate description. 

INTRODUCTION 

123 

We wish to report herein the results of our continuing 

investigations on the electronic structures of fluorinated 

compounds(1'-3 ) , Highly fluorinated organic compounds have 

unusual chemical and physical properties and this renders them 
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interesting systems for study, Substitution of fluorine for 

hydrogen in organic compounds is a useful way to change the 

electron-distribution pattern without substantially changing 

the shape or size of the molecule(4). For example, the effect 

of fluorine on the structure of the amine oxides is well known 

experimentally(5). Thus, while the trialkylamine oxides (and 

presumably the simplest but unknownH3NO(Z)) are salt-like in 

c!laracter, trifluoramine oxide has the properties of a covalent 

substarce(S) 

In t!lis paper, we will examina a series of fluorinated 

hydroxyl amines together with a brief comparison with the iso- 

neric amine oxides h3NO and F NO. 3 Compounds possessing N, 0 

and F are of interest not only because of their somewhat un- 

usual bonding properties but also because of their potential 

use as high-energy oxidizers(7j. Of the substances examined 

in this study, the only known fluorinated species is tri- 

fluoraminc oxide, Y3NC( 6 1, although numerous efforts to pre- 

pare perfluorohydroxylamine, F2NOF have been attemp-ted(7). 

Although F2NOF is unknown, there has been some recent synthetic 

success in preparing related s>:bstances such as FS02ONF2,(8] t 

SF5CP;Fz(S) snd Cl?301WZ(10). 

T!le qurtlita-Live bonding theor~ios of Linnett(l1) and of 

Sprstlcy and Pimerltcl(12) have bzcn applied to H-N-C-E' compounds 

while Ganguli and licCee(13) have applied the MINDO(14) semi- 

empirical molecular orbital method for the purpose of com- 

puting geometries and heats of formation of N-O-F compounds, 

Ab-i.nitio calculations have been reported on hydroxy- 

lamine(3.4,1_5), and FHNOH and H2NOF(16), using either experi- 

mental or standard geometries for the purpose of computing 
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torsional barriers, In the present study, we have used ab- 

initio molecular orbital theory to completely optimize the 

geometries of the fluorinated hydroxylamines. Ab-initio 

molecular orbital theory has been rather successful in 

reliably predicting molecular geometries(l7). Pople's work 

on neutral molecules(l8) and carbonium ions(l9) has amply demon- 

strated that reliable geometry predictions are obtained at both 

the minimal and extended basis set levels. This paper reports 

on the results of the geometry optimizations and electronic 

structures of the H-N-O-F isomers related to hydroxylamine 

while the succeeding paper examines the conformational'isomer- 

ism in those compounds. 

COMPUTATIONAL METHODS 

All of the calculations reported in this paper are of the 

SCP-IGAG-h!O type with no empirical parameters being employed, 

The ab-initio calculations were carried out using the single- 

determinant theory of the Gaussian 70 series of programs(20). 

For calculations employing the minimal basis set, each Slater 

orbital %‘a3 expanded as a linear combination of three Gaussian 

typo orbLtale (STO-3G)(2%). In the extended or I+-31G basis set 

the inner (Is) shell of the first row atoms is represented by 

a linear combination of four s type Gaussians. The valence 

shell orbitnls, on the other hand, are split into an inner 

part which is represclnked by a three Gaussian contraction, 

and an outer part which is represented by a single Wussian(22). 
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The split-valence shell or extended basis leads to increased 

flexibility over the minimal basis set description since it 

allows for a better description of anisotropic electron dis- 

tributions(22). The 4-31G basis set is comparable to a double 

zeta basis set in accuracy(23) with typical discrep:*ncies 

between optimized geometries at this level of theory and 

experiment being O.CI! for bond distances and 4' for bond 'angles. 

RESULTS AND DISCUSSION 

1. Geometries .--__-- 

ilie record in Table 1 the optimized geometries of the X2hCX 

and X 3 NO molecules as predicted by the 4-3lG level of theory 

toget.her with the experimental parameters of the known molecules: 

HzNCii(24) and F3KC(6). The angle # in Wble 1 corresponds to the 

:r!LIX dihedral on:. cle for hydrosylamine and its derivatives. The 

change in enorgy vs. dihedral. angle # for hydroxylamine and its 

fluorinated dzrvivativcs will be discussed in the following paper. 

An examination of Table 1 reveals that the N-O bond length 

shortens as a result of fluori!la-t; 9x1 according to the cntcnded 

4-31G basis wit!1 the largest chanc,e occuririg for the first fluorine 

substitution (O.O'j-O.V62) with a bond leilgth reduction of about 

0.18 in the fully fluorinated hydroxylamine. STO-3G, on the 

other hand, predicts a slight lenpthcninq (- O.ClR) of the 

N-O bond upon fully fluorinating hydroxylamine. The O-F bond 

is also predicted to be too short, by about 0.12, according 

to the minimal basis set results. A finding similar to that 

presented here has been reported previously(l) where 4-3lG theory 

gave an optimized structure for CP OF very close to experiment 
3 
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while STO-3G was found to be rather poor for bond length pre- 

dictions. Palkc(25) has pointed out the shortcomings of a 

minimal basis set in computing rota-tional barriers in fluorinated 

ethanes. 

Table 1 reveals tha-t certain strtlctural. trends are apparent 

in addjtion to the bond length variations alluded to above. 

In the hydroxylsmines, O-fluorination leads .tc somewhat shorter 

(O.Ol& K-0 bonds than the corresponding N-fluorination, It 

is also apparent from the entries recorded in Table 1 that 

certain bond parameters are predicted to be relative3.y constant 

from m0lecul.e to molecule. Thus, the N-H bond distance 

consistently optimizes around l.OOr, ? the C-H bond around 0.95: 

and the O-P bond around 1.46x. 

h s far, as the bond ant;'lcs are co;icerned 4-3lG thevry pen- 

crally leads to angles larger than experimentally found for 

molecules consiotirq of first row aio1i:s(26). Thi.a is indeed 

the case for hydroxylamine w'r,ere the ~xperimznl,all.y dcternined 

IION angle is 1~3" but it is predicted to he 106~ according .io 

4-31C theory, The XCN bond angle for the other members of the 

series X2N0X are also seen to be similar to the 106' predicted 

value in hydroxyiaminc wi-Lh a slight broadening as a result of 

fluorination, lhe 4-31G optimized HCIN angle in F2NOH is however 

predi.cted to bc much larger (112’). A similar situation having 

been found for CF3OH(3), where 4-31G theory predicts an HOC bond 

angle of about 1.16~. It should however be pointed out that the 

potential curve for bending of the HON angle around the minimum 

in F2NoH is rather flat, Thus,. the structure having an HON angle 

of 1080 for ins-Lance is only 0.3 kcal/mol higher in energy than 
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the minimum energy structure. The GNX angles are according to 

the results of Table 1 rather close to tetrahedral for the hydro- 

xylamines. For F !\'O this 3 angle is more pyramldal(2,6). 

2. Bond Seuarsti 02 .--- i'ncrrics and lscnerization Energjes I-.-_ __._ __.._- . .-._ 

!ikble 2 records th,e bond separation energies and heats of 

formation at'25tiK" in !ccal/mol for hydroxylamine and its fluori- 

. . 
nated derlvatlves. 

Although single determinant molecular orbital_ theory is 

inadequate for describing atomization energies, recent studies 

have suggested that bond separation energies and hydrogenation 

e!;ergies may be satisfactorily described at this level of 

theory(16,27), In a bond separation reaction, a molecule with 

three or more heavy atoms i.s converted into molecules with two 

heavy ;itome and tile ssme types of formal bonds. For example, 

the bond separation reac-tj.on for perfluorollydroxyiamine is1 

and the corresponding heat will. be the heat of bond separation, 

Computing the 4-31G energies of the reactants and products allows 

us then to compute the bond separation energies recorded in 

Table 2. These theoretical bond separation energies should 

rightly be compared with experlmental heats of reaction at O°K 

corrected for zero-point vibrations. However we have followed 

Pople's( 16) philosophy and have assumed that the corrections 

should be small and that the calculated bond separation 

energies may be applied without adjustment to reactions at 298'K. 
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TABLE 2 

BOND SEPARATION ENERGIES AND HEATS OF FORMATION OF X,NOX 

H2NOH -9.3" 

FHNOH 10.9 -12.6 

H2NOF 11.7 +7*8 

F2NOH 13.8 +28.2 

FHNOF 12.3 +10.1 

F2NOF 13.5 +13.3 

al;efcrence 36 of text. 

The bond separation energies are all seen to be positive 

with a mean value of 12,4kcal/mol. The positive values of the 

bond separation energy corresponds to a stabilization of the 

larger molecule. The values of the bond separation energy 

reported in Table 2 are not much different from that found(16) 

for CH2F2(11.5kcal/mol) but are substantially less than the 

value computed for CFJ+(40,5kcal/mol). Apparently, perfluorin- 

ation has less of a strengthening effect for substitution at 

nitrogen or oxygen than at carbon, In addition to bond 

separation energies, one can also compute hydrogenation energies, 

The hydrogenation of hydroxylamine corresponds to the reaction: 

H2NOH + H2 -> NH3 + H20 

Since the theoretical hydrogenation energies are for fixed nuclei 

theyalsoshould be compared with experimental heats of hydrogenatic 
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at O°K corrected for zero-point vibrations(27). As with the 

bond separation energies we assume a comparison with 298OK is 

acceptable, The theoretical hydrogenation energy for hydroxy- 

lamine is computed to be -59,2kcal/mol which is in good agree- 

ment with the experimental value of -59,5kcal/mol at 298’~(16;, 

In general,Pople(l6) has found the 4-3l.G hy-drogenation energies 

to be more negative than the experimental results, The corres- 

ponding STO-3G value of -25.2kcal/mol. is seenas perhaps expected, 

to be in much poorer agreement with experiment. That minimal 

basis set theory is inndcquate for the calculation of hydro- 

genation energies has been previously noted by Pople, e-t a1,(27). 

The theoretical 4-31G complete hydrogenation energy of F2NOF 

is -286kcal/mol while STO-3G places the value at -124kcal/mol, 

Also recorded in Table 2 are the theoretical heats of 

formation, These were computed using the theoretical bond 

separation energies together with the heats of formation of 

molecules with two heavy atoms. The heats of formation of HOF 

and H2NF have been estimated(l6) and accordingly the heats of 

formation recorded in Table 2 should be viewed with caution 

as they may be in error by several kcal/mol, F2NOF was pre- 

dicted to have marginal stability according to the semi- 

empirical MIND0 calculations(l.g), this being consistent with 

the present estimation of 13kcal/mol. 

Table 3 records the isomerization energies of the hydroxy- 

lamines and amine oxides. Both the minimal and extended basis 

set calculations predict hydroxylamine to be thermodynamically 

more stable than H3N0. A similar conclusion having been reached 

earlier by Hart(20) and Trindle and Shillady(2g). With the 

fully fluorinated analogs however, the minimal basis prefers 
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TABLE 3 

Isomorization Rncrgies (kcal/mol) of XZNOX and X3NO 

&lSiS 

REACTIOH STO-3G 4-31G 

Ii2 NOH --) H3NO 56.8 19.9 

F3NO. --o F?NOF -49.8 10.8 < 

F3NOH -> FHNOF 26.6 _ 

FHKOH y li2NOF 23,4 

perfluorohydroxylamine to trifluoramine oxide contrary to the 

extended basis set results and to experiment, 

In the case of the N-fluorinated vs. the O-fluorinated 

hydroxylamines, 4-31G theory is seen to favor the N-F compounds 

over the O-F compounds. A similar finding having been reported 

earlier by Pople, et a1.(16) for the PKNOH-H?NOP pair where 

standard geometries were employed, FNO and FOI'! 

isomers of this type and recent calculations by 

reveal that FNO is more stable by 46.7kcal/mol, 

has recently been observed experilnenl.ally(3.Z). 

are the simplest 

Peslak, et all3o) 

FON however, 

3. I_ Pop_ulation jt~l\rsis ___--W- 

Table 4 records the 4-3lG gross charges, bond overlap popu- 

lations and dipole moments for the geometry .optimized species 

considered in this study. The charges and bond populationsvere 

computed using the !hulli.ken partiti~oning scheme(32). The 4-31G 

dipole moments are generally too large (17) and this is illustrated 
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by a comparison of the value j.n Table 4 with the only known 

experimental value, that of 0.04-D for F3N0(33). The dipole 

moment calculated for l-1 
3 
NC is consistent with an amineoxide 

dative bond (H3:-c) formulation. F2NOH has been postulated as 

an intermediate in the basic hydrolysis of NF3 but like CF30H 

it is predicted to rapidly lose HF(34). The 4-31G charges on 

the OH proton together with the OH bond overlaps are rather 

similar for both H2i10!! and F2NOH. There is however a small 

positive overlap population (0.005) for the nonbonded fluorine 

and hydrogen in f”2NOi!. Other than tl-1j.s positj.ve F-H overlap, 

there does not appear to be anything unusual about the electronic 

structure of F2K011 to account for its apparent instability. 

The O-F bond overlaps recorded in Table 4 are similar to the 

4-31G value of 0.08 computed for P C at its experimental 2 

geometry(35). The 4-31C N-C overlaps in the hydroxylamines are 

seen to be al-ound 0.12 except for -the rather small value of 0.03 

computed for F2NCF. The 'r7' COIYI~OI~C~~~ for this bond in P2NOF is 

0.09 so thzt there is a wezk fl antibonding component leading to 

the low total N-0 bond order and weak bond(l2). 
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