
Ketelaar (8) reports a value of 214 kcal. per mole. The 
diesociation energiee were obtained from Wilkins (9). 
Agreement between calculated and measured heat of forma- 
tion is good. 
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Heats of Formation and Bond Energies of 

N-Fluoro-N-n i trobu tyla m i ne lsom e rs 

M. F. ZIMMER, E. E .  BAROODY, M. G. GRAFF, G. A. CARPENTER, and R.  A. ROBB 
Research and Development Department, U. S. Naval Propellant Plant, Indian Head, Md. 

The heats of formation of the three isomers-normal, secondary, and tertiary-of 
butyl-N-fluoronitramine are calculated from the heats of combustion as determined 
with a high precision platinum-lined rotating bomb calorimeter and found to be 
-38.5 f 0.4, -37.3 f 1.0, and -29.9 f 0.3 kcal. per mole, respectively. The 

bond energy for N-F in primary N <F is calculated and found to be 67.04 kcal. per 

mole. The influence of the molecular structure on the heats of formation and bond 
energies is discussed. 

NO2 

THE INVESTIGATION of the heat of formation and 
the N-F bond energy was carried out as a part of a 
program to evaluate N-fluoro-N-nitro compounds. 

The reactions of the liquid N-fluoro-N-nitrobutylamines 
with either diethyloxalate or diethylphthalate as diluents 
were carried out in an oxygen atmosphere (30 atm.).  

The equation of the idealized heat of combustion from 
which the heat of formation a t  298.1” K. and 1 atm. is 
determined is: CIH902NzF(l) + 502(g) + 146H20(1) + 

4C2(g) + H F .  150H20(1) + N?(g). To  obtain clean combus- 
tion without explosion, the proper ratio of the 
fluoronitramine compounds to the diluting compounds was 
determined in a series of preliminary combustions. Best 
results were obtained with the ratio 35:65 for 
fluoronitramine to diluting compound. 

EXPERIMENTAL 
Material. The N-fluoro-N-nitro-n-butylamine ( 3 ) ,  and the 

N-fluoro-N-nitro-(sec- and tert-) butylamine (7) were syn- 
thesized and then purified by distillation. The  purification 
of these materials was difficult since all three isomers are 
unstable a t  room temperature, with the tert compound being 
the least stable. Because of this instability and the high 
volatility of the material, none of the usual chromatographic 
methods could be applied to check the purity of the mate- 
rial. 

The samples were distilled several times in high vacuum 
a t  low temperature (0°C.) and checked by I R  spectro- 

photometer and refractive index measurements. When no 
changes in the I R  curves and refractive indices were 
detected between subsequent distillations, the samples were 
used for combustion measurements. Table I1 lists some 
properties of the three isomers. 

The high instability and volatility of these 
fluoronitramines made the measurements extremely difficult. 
Sometimes the material had to be purified between sub- 
sequent combustion runs (especially the tertiary com- 
pound). 

Apparatus. The combustion experiments were carried out 
in a platinum-lined rotating bomb calorimeter built 
according to a design of the Bureau of Mines, Bartlesville, 
Okla. (5). The modifications to the original instrumentation 
have been described earlier (18). 

Procedure. Essentially, the standard procedure was used 
as reported previously (18). Both the butylfluoronitramine 
and the diluting agent were sealed in a polypropylene bag, 
and the bag was placed in the platinum crucible of the 
bomb. The quantities of the material were chosen to give 
a temperature rise in the calorimeter of approximately 
1.5” C. 

Heats of Combustion and Formation. The auxiliary data 
used in the combustion energy calculations are listed in 
Table I. 

The heats of combustion and formation are summarized 
in Table 11. The average deviation from the mean in these 
measurements was 0.0%. Data reduction was performed 
on a digital computer for which a special program had, 
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Table I. Density, Heat capacity, and ( J E / d P ) T  of N-Fluoro-N-nitrobutylamines and Auxiliary Materials 

n-CaH9NzO2F 
sec-CaH9NzOzF 

Diethylphthalate 
Diethyloxalate 
Polypropylene bag 
Thread 

tert-CaHsNzOzF 

"Estimated. 

Density, 
G./Ml. 

1.5 
1.1 
1.1 
1.12(9) 
1.079(9) 
0.9(8) 
1.5(16) 

C,, Cal./ 
Deg. G. 

0.2l0 
0.21" 
0.21" 
0.40" 
0.43" 
0.315" 
0.40(15) 

(dEaP)T, 
Cal. / Atm.-G. 

-0.006" 
- 0.006 
-0.006" 
-0.0063" 
-0.0063" 
-0.0008 (1 6) 
-0.007" 

Table II. Properties of Liquid N-Fluoro-N-nitro-(n-,sv-, and tert-) butylamine 

n- sec- tert-Butyl-N-fluoronitramine 
Density 1.244 1.228 20" C. g. iml. 
Refractive index 1.4020 1.4007 1.4009 25" C. 
Vapor pressure 1.4(2.9" C.) 14(24" C.) 3.3(5.6" C.) mm. of Hg 

HC 5043.8 =k 2.6O 5052.7 I 7.8b 5107.0 =k 6.8' cal./g. 
Hi -38.5 + 0.4 -37.3 =k 1.0 -29.9 =k 0.3 kcal./mole 

Z.g(l5.1" C.) 6.9(16" C.) 
17. (35") 

"This value has not been determined. 
standard deviation of the mean. 

Average data of six to eight measurements and estimated 

been developed (1 ) .  To correct for the heat of solution 
of COz in HF.H20,  data of Cox and Head ( 2 )  were used. 

To calculate the heat of formation of the N-fluoro- 
nitrobutylamines the following heats of formation a t  298" K. 
were used: COl(g), -94,051.8 cal. per mole; H20(1), 
-68,317.5 cal. per mole; and HF.150H10(l) ,  -75,695 cal. 
per mole. 

The heat of vaporization of n-butyl-N-fluoronitramine 
was estimated from the vapor pressures and found to be 
13.0 kcal. per mole. I t  is assumed that  the heats of vaporiza- 
tion of the sec and tert compounds are in the same range. 
With this estimate, the heat of formation of the gaseous 
N-fluoro-N-nitro-n-butylamine is -25.9 kcal. per mole. 

N-F Bond Energy. T o  estimate the N-F bond energy 
in the normal butyl compound, the following hypothetical 
reaction is considered: 

CH,-CHZCH2-CH,-K<NOL F (9) + ' 2  Hz(g)- 

CH7-CH?-CHz-CHi(g) + Ng(g) + OL(g) + % F>(g) 

Thus, 
AH, = AHf[butane(g)] - AH,[R--N< (g)] = NO? 

E(N-F) + E(C-N) + E(N-N) + E(N02) + ?'2 E(H-H) - 
E ( N = N )  - % E(F-F) - E(0-0) - E(C-H) 

For the bond energies, the following values in kcal. per 
mole have been used: 

E(C-N) (4) = 67.4; E(H-H)(4) = 104.18; E(N-N) (4) = 60.0 

E(NO2) = 212; E (N=N)(17)  = 225.93; E(F-F)(17) = 37.72 

E(0-0) = 119.1(17), E(C-H)(4) = 99.297 

per mole and Marantz (14) E(N-F) = 68.9 kcal. per mole. 
These results indicate that the N-F, bond is very little 

influenced by the proximity of the nitro group. 
By using the equation 

one obtains for the fluoronitro-n-butylamine = 38.7 
kcal. per mole (with E(N-F) = 67.0 kcal. per mole) ( 4 )  
or AHpgi; = 40.6 kcal. per mole (with E(N-F) = -68.9 kcal. 
per mole). In  Equation 1, n and q,  are the number and 
the bond energy respectively, of the i-th bond in the mole- 
cule and ( A H d ,  is the heat of formation of the j - th  gaseous 
atom produced by complete decomposition of the com- 
pound. 

This method of calculation does not take into account 
the energy changes caused by the molecular structure. 

Branching of a paraffin chain causes a lowering of the 
heat of formation. Lehmann (13) reports that a change 
from a n-paraffin chain to a sec-paraffin with the structure 
-CH- causes a change of -1.50 kcal. per mole in the 

heat of formation. Klages (12) reports a value of -1.7 
kcal. per mole for tert-paraffins which has to be added 
to  the calculated heat of formation in order to account 
for the structure. This correlation does not hold for the 
isomers of the butylamine, since variation in the observed 
Hi values are in the opposite direction. Table I11 lists 
the heats of formation of some butanes, butyl alcohols, 
and butylamines. 

Considering the experimental heats of formation of the 
isomeric N-fluoro-N-butylamines (Table 11) it is clear that 

I 

The bond energies for -N<O'  were determined from the U 
heats of formations of seven aifferent nitramines and nitro 
compounds. Ketelaar (11) reports a value of 214 kcal./mole. 
From these values and the heats of formation for butane (g) 
(-30.15 kcal. per mole) and N-fluoro-N-nitro-n-butylamine 
(-25.5 kcal. per mole) the bond energy for N-F is calcu- 
lated and found to be E(N-F) = 67.04 kcal. per mole. 
Good, Douslin, and McCullough found E(N-F) = 67 kcal. 

Table Ill. Heats of Formation in Kcal./Mole 
of Butane, Butyl Alcohol, and Butylamine. 

Butanes(l0) Butyl Alcohols(9) Butylamines(9) 
n- -29.81 (g)" -67.81 (9) ' -41.35 

sec- -31.45(g) -69.05(g) -38.95 
tee- -36.95 

"(g) = gas 

5 80 JOURNAL OF CHEMICAL AND ENGINEERING DATA 



the change in the heats of formation cannot be accounted 
for by  the values reported in the literature for the molecular 
configuration of the paraffin chain. This leads to  the conclu- 
sion that there is an interaction between the iso-alkyl group 
and the fluoronitramine group. The  difference between the 
heats of formation of the normal and sec-butyl-N- 
fluoronitramines is in the range of differences reported for 
many other isomeric compounds (Table 111). However, 
there is a “jump” in the heat of formation from the sec- 
to the tert-butyl-N-fluoronitramine. The  difference between 
these isomers is unusually high, but is supported by  decom- 
position rate studies. The  n- and sec-butyl-N- 
fluoronitramines show approximately the same decomposi- 
tion rate (0.8.10-4 set.-'); the tertiary compound has a 
twenty times higher decomposition rate (24.10-4 sec-’) (6). 

I t  is assumed that branching of the butyl chain introduces 
strain into the molecule by steric hindrance and electronic 
configuration. 
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A SERIES of ethers was obtained by the reaction of 
phenylmagnesium bromide, prepared commercially by  the 
Arapahoe Chemical Co. as a 3M solution, with acetals 
above 100°C. in xylene according to  a procedure of Kaye 
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prepared. The  infrared spectra were consistent in each 
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Table I. CeHs- HCHz-R’ F 
Analvsiu 

CR 
B.P.“ Yield, Carbon Hydrogen Nitrogen 

R R‘ “C.  Mm. 5 n’D Formula Calcd. Found Calcd. Found Calcd. Found 

C S -  -I(J 70-72 0.14 47 1.51252j C:,HxNO 77.0 77.5 9.7 9.4 6.3 6.4 

CZH i- -N(CZH;), 77-79 8.0 68 1.4872& C:,H,NO 75.9 75.9 10.5 10.5 6.3 6.5 

C2H;- -0CtjHi 106 0.04 40 1.5457” C16HIZ02 79.3 79.5 7.5 7.6 

-4 ‘0 82-86 0.05b 50 1.5112” CI,H,NO 77.2 77.0 9.9 10.0 6.0 5.9 
L J  

CzHS- 

143-45 10.3‘ 50 1.5070a C.;H?:NO> 71.4 71.3 9.0 8.8 6.0 5.9 
ClHr- -0 
“Boiling points uncorrected. * Kaye and Kogon reported b.p. 135-47 C.19 mm.; yield, 62‘;. Kaye and Kogon reported b.p. 134-36 O C./ 
10 mm.; yield, 23%. 
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