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Abstract

The heats associated with the reaction i 1 V.

Were observed for two mixtures containing the trans and the

’’active" isomers difluorodiazlne-<N^2^different proportions.

From the observed heats of reaction the heats of formation,

* - - - - - - - - - - - -  -were determined to be for the

trans and the ^active** isomers^ respectively. The bond energies in 

the two substances are discussed in terms of the possible molecular

configurations.
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1.0 Introduction 

The continuing interest in the thermochemistry of N~F compounds has 
led us to make a determination of the heats of formation of two isoaers 
of NgFg. The techniques applied had been previously worked out for 
NF^Il»^!1 and NgP^ [3], and in their application the N2P2 compounds 
presented no unusual experimental problems. The isomers studied were 
trane-l,2-dii,luorodia2ine and a more reactive isomer. There is some 
uncertainty as to whether the latter is cis-l,2-difluorodiazin9 or 
111 difluorodiazine UL Because of the uncertainty concerning structure 
still associated with this isomer it is referred to in this report as the 
'•active11 Isomer of N2F2' This designation was selected because it 
emphasizes the greater chemical reactivity of the isomer in comparison 
with the trans species. 

The heats of formation of these two compounds (and the third 
possible one as well) are of interest intrinsically because of the 
information they may yield about the variation in the N-F bond strength 
in varying molecular environments. 

ml 
The heat of isomerization, 3.0 kcal mole- , of the isomers, which we 

find for the difference in the heats of formation1 is in agreement with 
our calculation of the results of equilibrium measurements made by 
Cplburn, et al [5]» 

Although it would have been desirable to have larger quantities and 
more nearly pure starting materials, it is felt that the results obtained 
are unambiguous, and sufficiently reliable to be useful in synthetic 
applications. Moreover, this work marks the first experimental measurement 
of the heats of formation of the NgFg isomers. 

2.0 Experimental Procedures 

2.1 Materials 

Two samples of N9F2, one (Sample l) consisting principally of the 
trans, and the other (Sample II) consisting principally of the "active11 

isomer were presented to us by Dr. Vernon H. Dibeler of the Mass 
Spectrometry Section of the National Bureau of Standards, who had received 
them through the courtesy of Dr. Charles S. Cleaver of the E. I. du Pont 
de Nemours Company. 

Numbers in brackets refer to references at the end of this report. 
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Analyses of the materials vere nade aftar completion of the experi- 
ments. Dr. John T. Harm and Mrs. Sharon Lias made mass analyses 
Independently using different mass spectrometers, and Dr. S. C. Wait, Jr. 
examined the materials with an IR Spectrophotometer. There vere some 
discrepancies in the different analyses, and judgments were made concern- 
ing final specifications of impurities. These judgments vere based mainly 
on the type of instrument used and on the experience of the analyst vith 
these particular compounds. 

The following analyses were assigned to the samples: I, 0.1^ NgO, 
10.055 l,acti7eM-N^,

2, 89.9^ trans- ^2i  II» 0-^ N20» 0-1^ siP4» ^ c02' 
91.6^ "active"-!^* 7.8^ trans-^P^ 

It is not possible to state accurately what changes in the eamples 
may have occurred during the course of the experiments. A slow con- 
version of the samples to the equilibritm mixture would be expected [5J. 
However, there was no chronological trend in the values measured for 
sample I. The samples vere stored at -100oC when not being used. 
Because the heats of formation qf the two isomers do not differ very much, 
the calculations are not strongly dependent upon the isaiiierlc ratios In 
the samples. 

Only 4-.2 grams of sample I and 2.2 grams of sample IT vere available. 
The small size of the samples precluded any attempt at further purifica- 
tion. 

The ammonia was a commercial high purity grade stated to be 99.9 
percent pure. A rough Chromatographie analysis indicated impurities in 
the NH3 amounting to probably less than 0.1 percent. 

?.2 Calibration 

The calorimeter was calibrated with benzoic acid (NBS Standard 
Sample 39h) in five experiments summarized In Table 1= The heating value 
used for the standardizing material vas 26.4-338 kj/gram mass (veight. in 
vacuum). The final temperature to vhich the calibration is referred is 
28 0C. In Table 1, ms is the mass of benzole acid^ ARC is the corrected 
thermometer resistance change; and Es is the energy equivalent of the 
standard calorimeter. The correction term, e, is the difference between 
the energy equivalent of the calorimeter as used in the calibration 
experiments and the standard calorimeter used for the combustion experi- 
ments. It includes heat capacity terms for 1 ml of water, for the 
platinum crucible, for the benzoic acid pellet, and for the 30 atmos- 
pheres of oxygen, all present in the calibration experiments, but not 
in the combustloa experiments. 
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Table 1 

Run        tog ÜRc -e E 
g ohag       j ohm"^     j onnT^ 

1 14981D      0.289963       173.7       1365034 

2 1.50110       .290453       173.2       136538.8 

3 149886 .29CKU2 172.8 136452.2 

-C 149826 .239362 176.1 1365A8.2 

5 

an 

1.509A2 .291988 175.8 1365654 

136524. ±l8a 

Standard deviation of the mean. 
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For gach combustion «qpsrlment the «nergjr equivalent o£ the actual 
calorimeter» S» shcvn In Column 3, Table 2f waa obtained from the meaa 
energy equivalent of the standard calorteater, 136524 j/öhm, by adding 
a term e , to adjust for the heat capaelties of the gases introduced 
into the bomb for the ezperlmant. For this pappose the specifie heat, 
Cy» of UH3 vas taken to be 28t4.7 | mole"1 deg"1 [6] and that of N^P^ 
was assumed to be siailsr to that of ^F^ for which a value of 
63.5 J mole"1 deg"1 was estlaatea previously [3]« 



TabU 2 

(1) (2) (3) 

Run        •   , E 
No.    j ohm-1   j ohm-1 

1 39.2 

2 334 

3 39-3 

k 38.4 

5 36 .^ 

6 36.7 

U) (5) 

mass of   mass of 
sample        N2F2 

gni moles 

(6) (?) 

NH3 NH3 
ifltroduced raQCvePetJ 

moles       moles 

(8) 

ohm 

136563 0.93340 0.0U29 0.098165 

136562 .86813 .013U1 .097863 

136563 .93070 .0U088 .098315 

136562 .93636 .0U174 .095100 

0.043351 0.085518 

.051089 .080815 

.046038 .085612 

.040470 .035722 

136560    0.90786  0.13685      0.089695    O.036356   0.08364-9 

136560      .89670     .013517      .090912      .039992    .081228 
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2*3  Experimental Heat Meeaupwwnt» 

The calorimeter and the procedures used in these experlae&ts were 
Identical to those used for the measurements ca N2P4 [3J. The observed 
data are ehoun in Table 2* Keasureioents 1,2,3 and U were made on 
sample 1; Tneasurements 5 and 6 on sample lit 

The amount of reaction was based on the weight of sample dosed 
iato the bomb from a monel weighing bulb. The mass of sample is shown 
in column 4. The number of moles of H&z Introducedf calculated flrca 
the mass of sample and its compositioxx, is shorn in column 5» 

The crystalline product deposited in one experiment with each 
isomer was examined with an x-rajr spectrographf and found to be, within 
the 2 percent sensitivity of the method^ exclusively NH^F« The observed 
weight of NH^F agreed to about 1 percent vith that calculated theoreti- 
cally, but was not used in the calculation since it leads to less 
preeise results. 

Columns 6 and 7 respectively, give the measured quantities' of NH3 
introduced and recovered. The corrected resistance themometer change, 
£&o, caused by the reaction is shown in colUBö B» 

3.0 Calculation of Experimental Besults 

The results were calculated on the basis that the reaction of the 
N2P2 was equation (l). 

N2P2(g) + I NH3(g) = 2NH^F(c) + ^ N2(g)        (l) 

and are shown in Table J. AS5, the observed total energy change 
caused by the bomb reaction, is obtained as the product of E and ^Rö 

(Table 2). 

Correction terms applied are: q^, the difference AH - ^E for the 
reaction; ^2» the enthalpy correction to bring the reactants and products 
to unit fugacity in the ideal gas state; q^, a heat capacity correction 
to convert the reaction heat from 28 0C to 25 0Cj q/, the energy of the 
reactions due to impuritiesf and 05, the energy of decomposition of 
ammonia. The heats of reaction, (^H^)» in joules per mole of ^2 are 

shown in column 8. 

In the calculation of quantities q^ to qj, data for the thermal 
properties of the several substances involved were selected from the 
literature as before (l). The enthalpy corrections for Nj and H2 were 
neglected as they were demonstrated to be very small. N2F2 was treated 
as an ideal gas. 
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Table 3 

(1) (2) (3) U) ($) (6) if) (8) 

Run 
No. f T ? f ? kj moS"1 

• 
1 -11678.6 -29*2 45.3 -1.7 +5.2 -768.5 885.99 

2 -110363.3 ►56.6 -39.6 -u +5.2 -541.9 886.79 

3 -11691^ -3-U -su -4.7 +5.6 -6794 883.61 

4 -117064 -294 -a. 8 -^.2 +5.6 -731.2 885.95 

Mean for ] Ü2?2 (Sample l) 88$,59 or 211.7 , 
kcal pioW1 

• Standard Devlatioa of the Mean 1.'r ' > 40V69 or   ^0.2 
lecal mole"! 

5 -11150.0 -27.9 -37.5 4.3 +21.2 -778.1 875.17 

6 -11Q93.3 -31.9 -374 4.1 +21.2 -687.1 875.33 

■.■■ 
Mean for ULF* (ßampl e TI) 875.25 or 209.2^ 

kcal (nole 

t 

Standard Deviation of the Mean ^ „ '' *0.08 or  40.02 
keal mole-1 

• 

• 
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The heat correction applied for the partial deceaposltlon of M^$ 
q5> vas calculated fron equation (2) balowi 

q««- NE, 
8 

:, Introduced - Nik recovered - r NJ1- 
5 Table 2 Table 2        Table ; 
Column 6 Column 7       Column 

x 11.04- kcal mole 
x A184 j Acal-1 

-I 
(2) 

The mean heat of reaction           torJ$2 in Sample I Is 805.59 40,69 
kj aole-1 or 211.7 JO ,2 kcal mW1» and for NoFa ^ Sample II is 
875*25 ±0.08 k.1 mole OP 209.2 *0.02 kcal mole-i* 

^.0 The Heats of Ponnation of the O* Isomera 

Prom the heats of reaction of N2F2 in Sample I and ^2 ^ Sample IT 
are derived the heats of formation of the Mo iscmers. Using AHLQ* 
[llH3(g)] s-11.04«.07 kcal mole-1 [6], and M29g [NH^(c)] = ^

0 

-111.0 ±0.6 keal mole'1 [7], ve conclude that for the sample mixtrireB 
studied (corrected for non-l^^ impurities) AHfggg [HjFn (sample l)] = 
19.1 ±1.3 kcal mole"1, and ^Hf298 U2P2 (sample II) J = + 16.6 ±1.2 
kcal mole~l. 

As both samples are mixtures of the two isomers, the heats of fonoa- 
tion of the samples can be represented in terms of the heats of formation 
Of the P'ure isomera by meane of simultaneous equations (3) and U) • 

0.900 ÄH?29g [trans-N/ ] + 0.100 AHS*  ["activeW-NgP^] « 19.1 T2 298 

kcal mole -1 

0.078 ÄH?oOÖ [trans-OJ + 0.922 mhQA ["activö,,-N0P.J = 16.6 298 2 2 298 ,2i2J ^ 
kcal mole" 

Solution of eqs. (2) and (3) gives 

ÄH?298 [trans-H^g)] ' + 194*1.3 kcal mole"1 

'2* 2' 

AH?29g [,,activett-N2F2(g)) = + 16.4 ±1-2 kcal mole -1 

(3) 

U) 



The ■&ctlv»t fön» Is mor« «table thermodynaalcally than the trans- 
fom of II2P2 bjr 3.0 kcal mole"1. Cclbwrn, et al. [5] reported a differ- 
ence of 27 keal mole"1 on the basis of measurement3 of the proportions 
of the two Isomers in equilibrium mixtures at several temperatures« 
Their calculation vas baaed upon the rate of change of the equilibrium 
coastant with temperature. We have pecalculated the data they reported 
for the equilibrium mixture at 558 0^» which they found to be about 87^ 
"active" and 1% trans. From their average proportions we calculate^' 
for reaction (5)> 

«•active"-^ * trans-K^ ^ 

^F?53 =2.1 kcal ittOi§"% Assuming AS » 0 and ACp s 0 for reaction (5) 
we find from their data ßHJLa s 2.1 kcal mole*"^ in good agreement vith 
the value we find for this react ion. 

5.0 Plseission of Bond Energies in O« 

Of conslderablt Interesl is the degrt© ti which bond energies retain 
an additive character ia diff©r§lt moleaules* 

If 2ä|?298 W « ia^U tctl nols"1 |8l mi rf^g (F) a 37.72 
kcal mole"1 hi» th© total Unding energy of trans-I^Fa is 24i«3 kcal mole 1. 
This is the energy of % I-f bonds and ©ne W bond. 4 value for the K^I 
bond in aaoisopropane «in be estünated iwm the heat of formation. 'IVom the 
heat of oombuation of liquid aa©isoprouanef 1053*4 fecal mole"

1 [lO], the 
heat ef vaporization, S.| fcoal tuole"^ tl03# the heats ©f formation of 
C02(g1f -94.05a, and of JfeoWi -6S,3i? kealaaae*"^ respectively [6], 
the heat of fonDatlon of agoisopropane gas'if ealeulated to be 19.4 
kcal mole*1. By analogy with ft-butane and .'ieobutane, of which the latter 
is the more stable bf 1«64. fecal mole"1 [ll], azo-n-propane is estimated to 
be 3-28 fecal mole'"* less stable than . aBoigOpropane and is therefore 
estimated to'have a heat of formation Of 22.? 'kcal mole"''-. Kharasch [12] 
gives for the heat §f combustion ©f liquid n-propylamine, 558.3 kcal mole"1 

by Lemoult [13] and for the gas» 512.3'kcal mole-1 by Thomsen [U]. The 
heat of formation of the liquid is thus -31°3 kcal mole"1 and of the gas, 
-17.23 kcal mole-1 from these tvo measurements. Ihe heat of vaporization 
of n-propylamine is given as 6.98 kcal mole"1 by Glaser and Eiiland [15] 
and 6.379 kcal mole-^ by Bonnefoi [16]. If 6.9 kcal mole-1 is taken for 
the heat of vaporization of n-propylamine, Lemoult's value leads to 
-24.4 kcal mole-1 for the heat of formation of gaseous n-propylamlne. The 
two values for the heat of formation are thus not in good agreement. 
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For the hypothatlcal rtaetlon (6) we can ealeulat§ 

2 n-C3H7HH2 —* (03^2 + SHg, (6) 

AH^Qfl = 57.1 kcal mole using -17.28 kcal mole for the heat of fontatlon 
of H-propylamlne, and 71.5 using -2^.4- kcal mole*l. The energy of this 
reaction can be taken as the Bum of tha bonds broken minus tha energies 
of tha bonds made. 

^H = 4E(N-H)  - E(N=N) - 2E(H-H) = 57.1 or 71.5 kcal mole.   Using 
E(K~H) a 93-4 kcal mole"1 as estimated from the heat of formation of KH3 
(-11.04. kcal mole'1), and E(H-H) as 10/..1S kcal mole-1 [6], we calculate 
E(N=N) as 107.9 kcal mole"-1- or 93-8 kcal mole"1 using the above values 
for the heat of tha hypothetical reaction in, the same order. 

Herron and Dibeler [17] in an electron impact study found the energy 
of dissociation of IfeU in N2F2 to be 106 ±12: kcal Mole-A This suggests 
the higher value of the (N=N) bond energy is the better.   Using 107.9 
kcal mole-1 for E(N=N), E{N F) in NpF2 (trans) is calculated to be 68.2 
kcal mole-1.    Tha lover value for E(N=N) would, of course, lead to a 
larger value for E(N-P). 

If we assume the cis-1,2 difluorodiazine structure for the "active11 

N2F2? then two possibilities exiat as extremes.    Either EIN-!!)  is 69.7 
kcal mole}, subject of course, as before, to the same possible variation 
as vith the trans-difluorodiazine, or the N=N bond is 3 kcal mole"1 

stronger in eis- than in trans-l,2-difluorodlazine. 

On tha other hand a different calculation would be required for 
E(N-F)  if the structure is 1,1 difluorodiazine (F2N=N), 

We can consider nitrous oxide, NNO,as a related molecule containing 
an N=N bond in which one nitrogen is bonded only to nitrogen and the 
second nitrogen is bonded to a highly electronegative radical comparable 
to fluorine.   The heat of formation, AHf298> 0:f ®2® is ^-^ kcal mole"! 
[6], and of 0 is 59.55 kcal mole"1 [18].   The total binding energy of the 
Ü2O molecule is therefore 265.99 kcal mole"1* vhich is the sum of one 
K=N and one 11=0 bond.    From /Mf298 of NO, 21.60; and NO^, 8.09 kcal moler1 

[6], the energies E(M=0)  in these two molecules can be calculated to be 
150.91 kcal mole"1 and 111.99 kcal mole"1 respectively.   These energies 
presumably form an upper and approximate lower limit for E(N0) in 111$, 
end lead to 115.07 and 153-99 kcal mole"1 respectively for E(lT=N} in NgQ. 
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It will be noted that if the lover of these velues for E(II^I) Is 
taken as applying to P2N=N then $(0)  in Ijl-difluorodiaziae vould be 
66.1 kcal mole-1, and that if any higher value be taken for E(KsN) then 
E(N-P) bacones smaller and In fact could be as low as 46.6 kcal mole"* 
if the extreme value 150.91 kcal mole-1 be taken for E(NfeM). 

The suggestive point about the above discussion is that if 1»1 dl- 
fluorodlazlne Is indeed the structure of "active"-!^» then a reason for 
its strlkingl/ greater reactivity becomes plausible. The N-F bonds are the 
weak links in either "active11- or trans-üfeFg according to the above 
discussion, but although the heats of formation indicate that the 
"actlve,,-N2r2 has the greater thermodynaffiiö stability, the energy, ECK-P), 
in this molecule is found to be less than in trans-NgÜ^ by any of the nieane 
of calculation used. Under some assumptions suggested it would be mach 
weaker than in KFj. A very low N-F energy vould explain the greater re- 
activity and also would help to explain the absence ©f the F2N peak in 
the mass spectrometer pattern [17,19,20]. Arguments against the 1,1 dl- 
flucrodlazlne structures on the basis of the absence of the NP2 peak and 
analogy to COFg (19) are hardly conclusive in view of the low intensity of 
the CF2+ peak from COF2 in spite of the relatively much greater C-P bond 
energy, which is In the neighborhood of 116 kcal mole~l as compared to the 
NF bond here indicated. 

One of the more interesting features of the current discussion of the 
structures of N2F2 isomers is that three configurations appear definitely 
to be possible, and bond energy arguments indicate that all should be 
comparably stable, but apparently only tvo isomers have been isolated. 
Thus, there is a third substance still to be found, regardless of whether 
the "active1' isomer turns out to be cis-1,2 difluorodiazina or 
1,1 difluorodiaziiie. 
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