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A KINETIC STUDY OF THE THERMAL DECOMPOSITICN OF ETHYL NITRATE

Prepared by:
Joseph R, Levy

n

Approved by: s
Chief, Fuels % Propellants Divizcion

ABSTRACT: The thermal decomposition of é¢thyl nitrate in the vapor phase has
been studied at 161-2C1°C and presgsures below 20C mm Hg. An analytical technique
has been developed using the infrared gspectrosmeter and the uiiravionlet spectro-
photameter vhich has made it possible to follow the dissppesarance of ethyl
nitrate direectly.

It has been found that ethyl nitrite is an impirtant reaction inter-
mediate. The formation and disappearancs cof ethyl nitrite end ¢ nitrogen
dioxide over the course of the reastion have been followed using the new techniques.
The effect of nitrogen dioxide, ethyl nitrite and mercusry on the reaction have
been studied.

The mechanism of nitrate ester decamposition 1s examined in the light
of the results found in this vork.

Exploasiver Research Department
o, 8. NAVAY. SRURANCE TABORATORY
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The research reportaed herein was done under Task Assigment, NOL-Re2d-02-1-52.
The optical techniques developed for the study of propellant decamposition
have been applied to the stidy of the thermal decomposition of ethyl nitrate.
Velnable nev information on the decamposition of nitrate esters has been un-
covered, whien it ie hoped will lead to a complete understanding of the decom-
position mechanism.
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A KINETIC STUDY OF THE THERMAL DECOMPOSITION OF ETHYL NITRATE

|
NAVORD Heport 2313 I
INTRODUCTION i

1e Ni{tric acid esters play a very important rcle in the fleld of exolosives
and propellants; thus glyceryl trinitrate (nitroglycerin) and cellulose nitrate
(nitrocelluloses a=s two of the most important rapresentatives of this class of
compoundsa. Accardlngly 1t has long been of great interest to study the mapner

in which this type of compound decomposes thermally. Such knowledge is of great
usefulness both from the point of view of finding mesaures for insuring the
stability of nitrate ester explosives in storage and from the point of view of
undarstanding the way they decompose in a gun or motor and perhaps improving their
performarce. ’

2. In recent years, (s,b,c,d,e) the kinetics of the thermsl decomposition of
nitrate esters has beer the object of much study. In genersl, due to the couplex-
ity of compounds like nitrcoglycerin a 4 nitroccllulose, simpler compounds like
ethyl and methyl nitrates have been chosen as models. On the basis of these
kinetic studies a picture of the machanism of nitric acid ester decomposition

has omerged vhich seems quite plaugible. The way in vhich the rewction ic believed i
to go is expressed by the equations, (4), written for ethyl nitrate:

s

CalsOM0; &= CHHS0- + W (@) |
Col50¢ + CH3CH,O0NG, —> ColsOH + cnzgomz {2)
cn38 - 0 - X, — CH,CHO + NO, (3)

Certain additional observations have been made with ethyl nitrate which are of
great interest, Nitrogen dioxide, which has been observed visually as ome of the
producte ., has been found to inhibit the reactisn when present in moderete amounis
but to accelerate it when present in larger amounts, (4,e,f). It has also been
claimed that the nitrogen dicxide in the reaction seems to huild up to a maximm

snd then drop off again (%,d,2).

3. Al}) of the kinetic studies vhich wvere the basis of the above ideas on the
decomposition reaction were carried cut using manometric techniques in which the
rate of preasure development was followed when the organic nitrate was heated in

a cicsed system. This method has the great advantages of simplicity and versatility.
It 1s basad on the assumption that the rate of pressure rise is a true measure of
the 4=compositicn raves, hovever, and in the case of a reaction as comalex as the
decomposition reaction, this assuxptior is open to question. In moct cases, (c,d,e)
the kinetics 4id not follow a sixple rate law over the wholz: cowse of the dzcam-
position and it was necessary to select a portion of the cuxrve for the rate calcu- {
lation. Furtbermore thie technique, though ir some cases accompenied by chemical i
analyeis, gives an overall pictwre of vhat is going on and is not cepsble eithsr
of measuring the disappsarance of the nitrate direc’ly, which is very desirable
for & kinetic study, or of dstecting and measuring intermediates in the resctien.
Since it was felt that the manometric techniqua did4 suffer from certoin dravdbacks
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and had been well explored; it seemed best %o devise kinetic techmiques which
permitted a more intimate examination of the .e¢action. The method chosen was
that of inf.ared spectrophotometry supplemented by spectropnotometry in the
visibis reglon. ‘

y, As had been Jone bty the previous investigators, & simple compound, ethyl
nitrate, wvas selected for study to serve as a model for the mcre complicated
nitrate esters actually in practical use. The simplest choice would have been
methyl nitrate but this was avoided becsuse of its undue censitivity. Ethyl
nitrate has been studied by others, (o,e) and hence a camparison between results
obtained here and those obtained elsewhere by other methods would b= possible. -

5. In a previcus report (g) the development of a spectroscopic analytical
technique for the complete analysis of mixtures of ethyl nitrate, acetaldehyde
and nitrogen Ai-and tetroxide has been described. This technique has since been
adapted to the analysis of actual gas mixtures arising from tne decomposition of
ethyl nitrate. The resulta of these studies and their interpretatior aie the
subject of this xeport.

APPLICATION OF INFRARED TECHNIQUES

Examinaticn of Infrared Spectra of Decamposition Mixtures

£. Althougn it had been established, (g) that it was feasible to analyze
gasecus mixtures of ethyl nitrate, acetaldehjyde and ritrogen di-and tetrcxide

for all the compoments, it remained to be seen whether this analysis could be
directly applied to the decomposition mixtures obtained from ethyl nitrate or
vhether the scheme would have to be extended to inciude other things. Accordingly,
the next step was to carry out same decompositions and examine the infraxred records
to see what, if any, other things were present. ’

T In Figure 1, there is reproduced a record taken on a Perkin-Elmer Model 21
doutle-beam rec spectrophotometer of a sample of ethyl nitrate heated at

181°C until ebout of the starting material had been deccmposed. It is of

great intexrest to exsmine this record and to identify the various absorption peaks
with specific compounds. Although this may be done by reference to the spectrs

of pure ethyl nitrate, ecetaldehyde and nitrogen di-snda tetroxide, Figures 3, b

and 5, it clarifiecs the problem somewhat if this ﬁg‘gre is compered with Figure 2
which shows the record of a sample heated at 180-190°C until the ethyl nitrate had
been completely decomposed. A comperison of these two figures showe that the
characteristic peaks of ethyl nitrate at 11.73/u , 9.75 /u , and 7.75/4 have completely
disappenred vhile its contribution to the 6 4 , the 11°4 and the C-H 3.6 M peaks

are also gone. Comparisom of Figure 1 with the record for pure acetaldehyde shows
that the absorption at 5.65 {u can be sttributed to the carbonyl absorption in this
compound. Further examination of Figures 1 and 2 showas that there are several
absorption pesks which cannot be attributed to ethyl nitrate, acetaldehyde or nitrogen
41 -and tetroxide. These appear at 12-13/4,6/4, 9.TH, 10.8 4 and 7-7.75/14 . The
nature of these abdsorptions is revesled clearly in Figure 2 where they are freed

of the interference of the ethyl nitrate absorption. It thus appears that there is
sowething present in the decemposition mixtures other than the compounds postulated
in the mechanisms which have been written for the reaction.

2

Ak -
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Identification of Unkncwn Absorbent im Decomposition Mixture

8. Although the decomposition of ethyl nitrate is a rather complex reacticn,
the molecule itself is not very couplex and the number of products which couid
arise from its decomposition is llmited. After a number os possibilities had
been considered, it was established that the molecule responsible for the un-
identified abscrption peaks was ethyl nitrite. The record for pure ethyl nitrite
in Figure & shows very clearly that 1t is responeible for the peaks at 5.95u4,
6,154, T.254, 954, 10.TM and the broad absorption peak between 12

13.2544. Thus the absorptions due to ethyl nitrate, acetaldehyde, nit n 41-
and tetroxide and ethyl nitrite account for about all of the major absorptions
found in the deccmpesition mixture.

Extensicn of Analytical Scheme

9. At this point it seemed desirable to attempt to include ethyl nitrite in
the anslytical scheme and a point in the center of the broad ebsorption at 12-13.25
wes chosen for the analysis of :thyl nitrite, to wit 12.854. The Beer's lsw con-
stants for the four compon:nts at the wavelengths used for analysic are given in
Table ). Using the bulb expension technigue described in the previous report (g)
tests were carried out on synthetlc mixtures of the four components to show whether
it was possidle to analyze such mixtures for all i+~ components. The resulte are
given in Table II and it was concluded that the anmalysis was satisfactory.

TABIE 3 }

Beer's lav Constants N
(unit pressure = 1 mm., unit cell length = 1 mm.)

Wavelength Ethyl Ethyl Acet- Hitrogen Fitrogen
HEitrate Nitrite aldehyde Dioxide Tetroxide
5.70 i 0.000021+ --- 0,000436+ --- 000296-0-
A 0.000006 . 0.000005 0.00008™
].1.73 M Oowlw'_t G.W by drt Bl meniem
/ 0.00004 0.000006
12.85 /4 0.00003+ 0.00C347+ --- -—- --- T
0.000002 0.00002
o.hoso,u --- --- --- 0.000888+ -
U.000014 =
TABLE II
Pour Componsnt Analyses ) L
Prescure in am. %
Compound As Made Up ical Error
Ethyl Nitrate 8.16 7.80 kb i
Ethyl Nitrite 9.7 9.k 3.1 i
Acetaldehyde 1.93 1.94 0.5 i
Nitrogen Dicxide .00 2.89 6.5 i

rd
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) sl
g =

Pregsure in mm.

Cozpound As Made Up Optical BrTor
Ethyl Nitrate 13.8 13.9 0.7
Ethyl Nitrite 2.76 2.86 3.6
Acetaldehyle 12.5 12.0 L .
Nitrogen Dioxide 3.20 3.10 3
Ethyl Nitrate 3.74 3.50 6.4
Ethyl Nitrite 12.4 12,5 0.8
Acetaldehyde 12.7 11.3 1
Titrogen Dioxide 8.30 T.60 8
Ethyl Nitrate 3.62 3.64 0.7
Ethyl Ftrite 23.0 23.% 6.0
Acetaldehyde 1h.0 1%.8 5.7
Nitrogen Diomxide 8.10 8.60 £.5
Ethyl Hitrate 2.90 3.08 6.2
Ethyl Fitrite 2.70 2.56 5.2
Acetaldehpde 19.1 11.3 4.1
Nitrogen Dioxide 24k.3 23.1 k.9

'me Effect of Preasuye on the Absorption Peaks

10. Although it seemed safe 1o conclude that the analytical method dzveloped

vas free from objection, further proof was deeirable. In other attempts at the .
application of infrared spectroscopy to analytical problems 1t has been found

that the intensity of absorption of certain compounds, pe.rticulaz'ly simplie mole-

cules, is markedly affected by the presence of other gases, {(h). Although the .
teasts already carried out had demonstrated the absence of such effeets for the

pressures and gases used, it still. remsined to eghow definitely thiat the actusl

gascs and pressures encountered in the decomposition mixtures 6id not bring about

such efYectis.

11. One test that was applied is illustratezd in Figwes T and 8. In the
former are shown the records for 2 mu of nitrous oxide and the same pertial
pressure cf the gas wher air was admitted to the cell at atmogpheric pressure. The
effect is very noticeable here. In Figure 8, are shown the records for a decom-
position mixture carried to 924 decomposition and for the ssme mirxture after air
had been admitted at atmospberic pressure. Here a comparatively slight change
is found. 7This change furthermore is due to about 1 atm. of added pressure vhile
in the decoaposition mixtures the total pressure never exceeded 100 mm,

L4

Comparison of the Decomposition Mixture Racords With Those for Synthetic Mixtures

12, A group of experiments was undertaken to check the soundness of the analy-
tical scheme and %0 determine how well 2thyl nitrate, ethyl nitrite, acetaldehyde {
and nitrogen dioxids accounted for the absorpticns found in the ectual decampositiom !
mixture. Decamposition of ethyl nitrete was halted at vurious stages. The resulting

gas mixtures vere analyzed from their infrared records. A synthetic mixture was

moade wp to duplicate each analysis, and its fmfrared record compared *ith the .
original. '

R
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13. Figures 9, 10, 11 ard 12 illustreve the results of sucn experiments.

In these the infrared record of the synthetic mixture has been taken on the same
chart that bears the record for the corresponding decomposition mixture. As will
be explained later, the anslysis for acetaldehyde in the decamposition mixture ig
in doubt. In addition thcre is no peak for nitrogen dicxide in the 2-15,44 egion
vhich could be used to check its anslyxis in this fashicn. 7Tii Liwvgen diuxide
presoure was never more than 2-3 im. For this reaszon attention was focused
principally on ethyl nitrate and ethyl nitrite. In Figures 9 and 11 only thase
tvo components are present vhile in Figure 10 only ethyl nitrate, ethyl nitrite
and acetaldehyde are present.

1. It is most instructive tc examine these figures both from the point of
view ¢f the regions whers the two records in each figuvre agree and from the
point of view of their discrepencies. For the validity of the anslysis it is
clear that the two curveaz ashould show good agreement at the peaks used in the
analytical schems, and in fact, at ali cther peaks where compounds other than
those represented in the synthetic mixture do not interfere.

15. The wn‘b for the peaks dus to ethk:l nitrate will be considered first.
The paak at 11.73 ' was that used in the analysis and in al]l fowr figures the
sgreement shown at this point i3 goed. Part of the discrepancy is dus to the fact
that the synthetic mixtwre 416 not duplicate the deccmposition mixture exactly
becauze of axperimental Aifficulties. A ecalculstion to compensate for this may be
made vherein the optical density (Leg I,/I) of the synthetic mixture curve at the
particular point is multiplied by the factor P, /P Pge (P * pressure in decomposition
nixture; P.# pressure in synthetic mixture). * this is done the nt 13
imovedandatn.nﬁthediffmnceinthe tvo curves is 2.2%, 1.9%, 0% and
2.1% for ﬁ.gurea 9, 10, 11 and 12 respectively. Ethyl nitrste also has a strong
ebsorption at 7.7544 vh:!.ch is apparentiy free of interference. Here, too, agree-
ment is good although the neighboring very strong ceil face abscrpticnl makes a
quantitative discussion unreliable. The ethyl nitrate peak «t 6,u is at the seme

Imis abscrption bas been mentioned in the literature (1, j) and is due to sodium
nitrate vhich is formed by %he reaction

2P0, + FaOl—> NOC1 + HalO3

In the present work (g) a sharp double pointed absorption at 5.52-5.6044 had bee
found vhen spectrs of nitrogen diaxide vere taken., It is clear that this is due
to the nitrosyl chloride formed in the above xeaction. Pulf and Waleh (k)
report a strong emsorption for nitrosyl chlaride at 1800 em.=t or 5.55M.

It 1s known that the sbove reactior requires thes presence of water (1).
This explains why it was possitle to carry out the comgplete mlynu of quartsnary
mixtures of ethyl nitrate, ethyl nitrite,acetaldelyds and nitrogen dioxide without
intexference by this reaction.

It vill b noted that in some of the spectira of the decampositiom producis
e.g. Figares 8, 9, ncnﬁ , nitrosyl chlowide is present. Since nitrogsn dioxide
vas Getermined in the glass 23ll, no errors are introduced into the analyses oy
this resctioa.

n
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place s5 an athyl nitrite peak; sc again e sipmple discussion is not possible.
The agreemesnt here should be pretty close, however. As the figures ehow, it is.

15. The peak used for the enalysis of ethyl nitrite is at 12.85,‘.{. When fizures

9, 1C, 11 and 12 are examined it is found that at 12.85 () the agrezment is good.

When a correction is mads for the small preaswre differences between the analysis .
and the synthetic mixture composition, the 12.CHppeaks cneck 10 U.Th, 3.0, #.0p

and 3.1% for Figures 9, 10, 11 and 12. The 9.5M peak shovws fair agreement while

as mentionsd sbove the 5.97’/'« peak cennot be considered apart frcm the 6/\4 ethyl

nitrate peeak.

17. When the mmgion between 12 and 13[& is examined more cloeely, certain dis-
crepancies appeer. Whils agreemsnt is good in each case at 12.85 M the agrescent

in the region from 12-12.75M 1is peor and the eontour of the decomposition curve
does not match that of the synthetic mixture well et 211, This suggssts that an
additicnal sbsorption not &ue to ethyl nitrite is present in the 12-12.75 A reglon.
By subtracting the optical density of the synthetic mixture curve from that of the
decomposition mixture curve at various points the contour of that absorption couid
Ye found. It is clesey that the diszcrepancy is much amaller at the lower percent
reactions. A more zxact pipture of the difference betwcen tha synthetic mixture zzd
the decomposition mixture can be gained Uy comparing the two in the double beam
infrared spectrcmeter. A eell containing the decomposition mixture is placed in

one beem and a cell with the synthetic mixture in the other. The spectrum observed
iz that of the decomposition mixture minus the synthetic mixture. Figures 13 and
14 show such records for the mixtures of Figures O and 11 respectively. The ab-
sorption in the 12-12.5 M region is small but noticeable. Ao additional experiment
was carried out tc 93.3% dscompositiocn ¢f the ethyl nitrate. The yecord for the .
decomposition mixture plus +the record for the coamparison of the decomposition mixture
with the synthetic mixture appear in Figure 15. The 12-]2.5/A absorption is pressat
but it is poorly dafined. When this region was recorded again at low speeds and
high resolutizn the »esults shown in Fimmre 16 were found. BHsze the shap: of

the spectrum it well Gefined. It iz clear that an additional compound absarbing

in the recsion 12-12.5i2 is present =2rd it is necessary to inquire as to what the
nature of the ¢ is and vhat its effect on the analysis is.

Aaiticnal Absarbeats

Mathyl Ritrite
18. The 12-12.5)A absorption hes not noticeably affected the ethyl nitrate or
othyl nitrite since, as discussed abowve, the peaks used for their analysis

check well in the compaxrison vecoxrds in Figures G, 10, 11l and 12. It may be coted
too that in Figures 13, 14 and 15 the sbsorption at 10.5-11 A due to ethyl nitrate
and ethyl nitrite have been complately dlanked out giving a further cheek on the
axslyses of these two compounds. When the natuse of the aksorbent responzitle foxr
the peak in Figue 16 is considered it is noted that this peak is very reminiscent
of the methyl nitrite peak in this region. The reccrd for this eampound is showmn
in Pigure 1T at two preasures. It is seen that its ebscrpticn ia ths 12-13 4 regiom
doez indsaéd leock wery much like the unknowz absorption of FMgure 16. Since methyl
nitrite alsv shows sbscrptioms el 10-10.25 /| end in the 5.9 and 6.2/4 regilone Lo i
pratinent o examine Figurs 15 to see whether any absorptions at these points which
cin be coarrvlatad to the methyl mitrite can be found. It is clear that there is *
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absorption et 10-10. 25p which resembles that found for methyl rnitrite, and vhich
camot be due to ethyl nitrate, cf figure 3. In addition absorption i.c also
found in the 5.9 - 6. 5(, region vhich camnot be due to ethyl nitrate entirely,
and vhich could very well be due in pert to muthyl nitrite. The absorption here
extends to longer vavelengthl tha.n ewld be exﬁh_mﬂ by either uthyl nitrite or

cluyl aitraie. 1L will W SROWO lalsr WSl Wls auQliivnal avsurpiicn may ve
attrimited to the presence of still another ebsorbent. When one exsaiines the
caaparison spectira in each caze it iz found that absorption by the dscomposition
mixture is more intense at each of the regions where methyl nitrite absorbs than
the synthetic mirxture can explain. Hence it seems fairly certain that methyl
nitrite 13 present in the dccomposition xixtures. As the ccmparison Figures 9,
10, 11 and 12 show it is present in quite small amounts in the earlier stages of
the reactiom (Figures O and 10) and becomes noticeable, but not large, in the
firal stages of the reaction.

Nitrowethsie

19. With the 1nc1usion of methyl sitrite ir the analysis of the experimente
1llustrated in Figwr==s 0, 10, 1l end 12, only the region of 6.2 - 6.Ty shows

a distinctly greater sbsorption for the decamposition mixture than for the syn-
thetic mixture. This is Just the region vhere nitromathane and nitroethans show
absorption; cf. Figures 18 end 19. Ethyl nitrate, nitrite and possidly methyl
nitrite chow abhsorptions which meke 4t difficult to find the nitic=cthane doublet

at 6.304, 5.3Tu. Nitromethane 13 very stchie thermally compered to these campounds.

If a docanposition were carried out for a time long enough to bring about the
destruction of all of theee esters, nitromethane should still psrsiet and its
absorption spectrum should bs clear. In Figure 20 is shown the record for a
sample of ethyl nitrate heated at 161°C for 7220 mimutes. It is clear that nitro-
acihspe is present and it probebly is Tesponsible for the difference in the twe
curves in Figures 9, 10, 11 and 12 in the 6.2-67u region. A point that shculd
be emphasiged is, tuat elna nitro\eﬂmm is s0 relatinly stablz the a=ocunt
lhwninnmaaonm ez accumlation of all that was formed over the wvhole
course of the resactima, Amuhcltinuofth.muntmlentbuedonacm-
amnthharecoufcrthepuocmumatp 12 mm, Figure 18, places it at
sbout 3-b mm.

20. The recomd Br nitroethene, Figure 19, is inciuded. Although its absarption
is similar to that for nitromethens, the difference is great enough to =de
1t cut as the cause for the svsorptions discussed here.

Considsration of Other Coepounds as Intermediatas or Products

2l. Although it is clser that all tkz mojor zhacorbents have now been accounted
foz, it is still of intexest to see whether by further examination of these figures
it is possidle to drar ary comclusions ss to the presznce or ebsence of other
compounis which have been sssociated with thies reaction.

Ethyl Alcohol
22. in exzzination of the rezction mechenisz cn Pags 1 showa that ons of the
molscuwlss invoelved in ihes schems, ethyl alechol. haa not been conmidaved sc vat.
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In the spectrum for ethyl alcohol, Figure 21, the main shsorptiorn pesk is around
9.k M while weaker absorpticns appear at 3.4M, 7.2/4, and 8 4. Examination of
Figures 9, 10, 11 and 1T ot “hese points snows that at all of them agreement
between the syninetvic mixture record and the deccmposition mixture record is clome.
Thus it appears that ethyl alcohcl does not build up to any appreciable concen-
tration in the reaction mixture assuning that it is formed. There is other
chemical evidence to support this view and this will be discussed in another
connection elsewhere in this report (See discussion page 23).

Nitrous Cxide =

22. One of the ucts reported for the decomposition of nitrate esters is
nitrous oxide, {b,e). This presumably results from the reaction of nitrogen dioxide
with the acetaldehyde or possibly ethyl alcohol formed. The gpectrum for nitrous
oxide is shown in Figure 22. Its most intense absorptions are found at k. 54,
tg{a.ml T.8M . Examination of Figures 9, 10, 11 and 12 et these points givel no
ence that nitrous oxide is present. Although nitrous oxide is not a very
stromg absorbent it has besn found that its absorption intensity is greatly in-
creased by the presence of other geees. Thus in Figure 7, it 1s seen that when
air is admitied to a cell containing 2 mm of nitrous cxide the absorption is very
greatly increasedé. Figure 8 is a2 record of a decampositicn mixture at 161°C carried
to about 92% decomposition of the ethyl nitrate. Here the admission of air hes
not shown the presence of nitrous oxide. Figure 8 should shov an accumulation of
the total amcunt of nitrous oxide formed over 92¢% of the decompositica of the ethyl
nitrate. Hence it seems doubtful that it has been formed or thet it is present
in apprecisble quantity in the reacticn mixture.

Formeldehyde

24, In the decomposition of ethyl nitrite (n) the ethoxy redicel is essigned
o role siniler to that assigned to it in the ethyl nitrate decompesition.

CoH5ONO — CollsO+ + NO
CoH50* + CoHsCNO —p CoH-OR + CHyCHONO

In ad4ition, however, it has been demonstrated, (o) that at lower pressurcs the
reaction

CZHSO — CH3- + Cﬂao
also occurs and hence the peaction
CH3‘ + 02350N0 -— CH; + CH‘S(;HONO

must also be considered.

25. Thie makes it necessary to consider the possible fuxrmation of formaldehyds
and methane in the ethyl nitrate decomposition.
-8 -
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25. The spectrum for formaldshyde is shown in Figure 23. The cheracteristic
carbonyl absorption falls between 5.54 and 5.9/ . Acetaldehyde has a carbouyl
absorption, (Figure ), at about the same place. In most of the decomposition
mixtures analyzed the absoxrption in this region was quite small, c¢f. Figure 1.
AlThougn the shupes 0L Uie GCEVALAGLyUE cisa soimadacnyac oo=orptions 4x the £ 6o
5.9A region are guite different, with small amounts of absorption in this region
it wvas not clear that the shape corresponded to one or the other. For some cases,
in the later atages of the reaction, cf. Figure 2, the contour definitely vas ~
that of acetaldehyde. Thus although it seems safe to say that acetaldehyde is
formed sumstime in the reaction, the data do not allow the erclusion of formalde-
hyde from s yole ir the dacomposition.

Ritric Oxide

27. Nitric Oxid= 4= a very likely product in the rezction. It has been
reported by others (c,e) and its origin has generally been attiributed to the
reduction of nitrogen dioxide by acetaldehyde. Since it has been found here that
ethyl nitrite is a major intermediate ip the eaction, another pecssible source for

tric oxide is by the decomposition of ethyl niirite. Unfortunately nitric oxide
ig a comparatively weak absorbent and it is not possible to draw any conclusions
on its presence or absence fruam the infrared records. It was clear, however, that
nitric oxide wes present. When air wvas admitted to the decomposition mixtures a
noticeable intensifying of the known niirogen dioxide color was observed vhich can
only be explained by the oxidation of nitxic axide by air to nitwogen diuxide. On
the basis of this Jeaction some estimate of the amourt of nitric axide present
could be obtainad. The results of these estimates are reported in a later section
of this report. Since nitric oxide i=2 such a weak absordbent. it 4i1d not interfere
at ail in the analytical scheems.

Mathane

28. The spectruz of methane iz shown in Figure 24. Sinee its absorption is

eo weck it is not possidbls from the data obtained in this vork to draw any conclu-
sions on the pressiied or absence of methans in the mixtures. It is safe to say
that it vould not interfere with the analyses of the other components.

Other Compounds

29. There is no qoubt that there are other ceampounds rressnt in the decomposi-
tion mixtures. Water and carbon diaxide are almost certainiy prasent but no attempt
has been nade at their anslysis.

30C. Ancther compound which it &3 of interest %o comciler is nitwric gcid. Tais
eould de formed via the reactions

380y + Ey0 o 2HONO, + KO {
2RO, + CoHeOR — CoHsCNO + HONOa

It 15 possible to get some idea of the smount of nitric ecid that vould be left
uniissociated bty comsidering the equilibria

«9 .
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(1) 3W0p + By0 2 2HONOp + NO
(2) 2HONO; T2 H,0 + 3/2 Op + 2N0p -

At 298.1%A the equilibrium constant for (1) is Keyy = 1.37 x 102 atm™! and
that for (2) is K(2) = 6.9 x 1079 atm'3/2 (1). From these two, the equilibrium
constant for

(3) No, 2 Mo +1/2 0,

l.
18 KK = 9.5 x 10°7 atm™}/2, Since N0 is found to be present over almost the
entiXe reaction period it will be seen that only equilibrium (1) nead be consid-
ered.

31. If the pressures of nitriec oxide; nitrogen dioxide and water are taken

as being about 0.0l atm., vhich seems a reasonzble assigmment, an estimate of

3he nitric acid pressure can be made This comes cut to be about 1 x 10-% atm.
Hence the nitric acid present can e dismissed as negligible. It will be shown
later, that ethyl nitrate, ethyl nitrite nitrogen dioxide apd nitric oxide account
for all the nitrogen pfesznt so that little if any could be tied up otherwise.

Comments on the Apriication of the Infrared Technique to the Decorposition Mixture

32. From the preceding discussion it seems clear that the decompesition mixtures
can be analyzed for the ethyl nitrate and ethyl nitrite content within the limits

of the accuracy found in the preliminary experiments with syrthetie four-comporent
rixtures. The anzlysis for acetaldehyle, however, is open to serious doubt: due to
the possible interference of formaldehyde. It seems clear that in the later stages
of the reaction acetaldehyde is present for here the 5.65p peak definitely has

the acetaldehyde contour. For the major part of the reaction there is uncertainty
as tc the source of the absorption in this region, hovever, and hence no interpre-
tation of the measurements made at this point will be attempted.

33. Since the nitrogen dioxlde content of the decomposition mixtures was
elways small and since there is no clear infrared absorption peek for nitrogen
dioxdide, free of interference, it haa not been posaible to test the wvalialty of
the nitrogen dioxide analyses in the same way as the validity of the ethyl nitrate
and ethyl nitrite 8 were tested. At the wavelength used for the nitrogen
dioxide analysis, 4050 A , it is the only absorbing molecule present in the
mixture. For this reason it seems safe to assume that its analysis in the deccam-
position mixtures is as good &8 1n the artificial rour-component zmiytures used in
the preliminary experiment.

The Material Belance

3k, It is of intereet to make a further check cn the amalytieal uethod by
nmeans of a material balance. Since neither carbon dioxide, water or aldehydes
were determined, a balance cannot be made on the basis of carbon or oxygen. It
is believed that ethyl nitrate, ethyl nitrite, nitrogen dioxide and nitric oxide
account for moat of the nitrogen. In the late stages of the resction, methyl
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aitrite appears while nitro compounds are formed in small amount sometime during

the reaction. A muterial balance for nitrogen

evey for most of the reaction period.

should show good agxreement how-
Since data for nitric oxide are complete

only for 181°C the nitrogen balunce for the data at that temperature are given

in Table ITI.
TAKIE IIX

The: Material Balance for Nitrogen for the gnemel Decomposition
c

of Ethyl Nitrate at 181

Moles per Mole of Ethyl Nitrate Present Initially

?mi::.‘l Nligg-ﬁe réihyr_i;i gi;i_@n &ﬁc Total
5.0 0.9%2 0.065 0.039 0.0 " 1.056
13.0 0.770 0,130 0.056 0.0 0.956
25.0 0.696 0.236 0.0kk 0.015 0.991
k0.0 G.500 0.353 0.079 0.051 0.983
4.0 0.525 0.432 0.076 0.023 1.056
50.0 0.h431 0.ks8 0.089 0.033 1.011
60.0 0.335 0.5k 0.075 0.044 C.998
70.0 0.2k9 0.576 0.0T1 0.081 0.977
80.C 10.197 0.605 0.066 0.105 0.973
50.0 0.1L45 0.614 0.053 0.097 0.909
100.0 0.075 0.608 0.010 0.1k2 0.835
110.0 0.067 0.571 0.015 0.215 0.878
35. It is seen that the agreement i3 very gocd over most of the reaction but

that net =211 of the n?trogen is accounted for towerd the end of the reaction.
This 1s in hermony with the ideas expressed sbove and 1is excellent support for

the walidity of the anaiysis.

EXPERIMENTAL PART
Apparatus and Chemicals

36. For the analysis of the ges mixtures a Perkin-Elmer Model 12+8 infrared

spectrometer equipped with a rock salt prism vas used.
ments were made on a Beckman Modal DU Spectrophotometer.

The visible region msasure-
The infrered recoxds

shown here were taken on s Perkin-Elmer Mcdel 21 double-beam spectrometer equipped

with a rock salt prism,
. -1 -
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37. Ethyl. Nitrate was Eastman Xodak white label grade which vas redistilled.
A fraction boiling at 87.5-87.5°C was used.

38. Acetaldehyde was. Eastman Kodak white label grade. It wes redistiiled
and a middle fractiom taken. It was stored in a sealed ampule.

39. Ethyl aicohol was USP absolute alcohol and was used directly fraom the
bottle. . T

k9. The nitrogen dioxide was purchased from the Matheson Company and was
certified as better than 95% pure, the impurities being other oxides of nitrogen.
it vas distilled into the vacuum system through a tube of anhydrous calcium
sulfate.

k. The nitric oxide used was purchased from the Matheson Companry and was
rated as 99%pure. It was used without further treatment.

Lo, The bath used as the constant temperature medium contained a mixture of
potassium nitrate, sodium nitrate and sodium nitrite {p). The icmperature was
maintained constant to + 0.2°C.

43, The ti.ming device was a Precision Time-it Timer which could be reed to
hundredths of a minute.

The Rate Measurements

Lk, Rate measurements were caxried out by filling a glass bulb with ethyl
nitrate vapor, heating the bulb for a specified time and then cooling the bulb sul-
denly by imacrsing it in a container of cold water. The bulb contents then were
expanded into sn infrarel cell and an ultra violet cell and the analytical measure-
ments carried out. The buldb £1l1ling operations were carried out or a vacuum line
es show in Figure 25. In the tube T was placed ethyl nitrate. This was then
cooled by a Dewar flusk with liquid nitrogen and the entire eppearatus pumped down
by a Cenco Magavac Pump. Xnough ethyl nitrate was allowed to vaporize into the

- systen to give a suitable pressure reading on the manometer M. The three bulbs
vere closed off from the system by their stopcocks and the system re-evacuated by
the pump. The bottom of one of the bulbs was coocled by a Dewar flask with liquid
nitrogen and with stopcock closed. The ztopcock to this particular bulb was
then opened. If the ethyl nitrate has completely condensed no pressure was regis-
tered on M when the bulb stopcock was opened. If there wee any non-condensibie

gas in the system, it was found that the ethyl nitrate would not condense completely
and hence it was possible at this point to check on the completeness with which

the system had been evacuated earlier. If it was fcund that the ethyl nitrate

bhad been campletely condensed the buldb was sealed off at the points ‘indicated by
arrows and pulled off from the apparatus. This process wag repeated with the

other bulbs. When the sealed part of the glass had cooled the bulbs were removed
from the liquid nitrogen vessels, warmed to room temperature and immersed in the
bath. / timer was started as the bulbs were immersed. At the end of an appropriate
time the bulbs were removed from the bath and plunged into cold water.

ks, The buldb contents were expanded into the two cells by the apparatus pic-
tured in Fignre 26. The bulb was placed in the apparatus by means of the ground
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Zlass interjoint on it, the end of which has deen pulled ocut ts a2 thin tube for
sn oppropriate length. The syparatus was svacuated and by turning the interjoint
tubs T the "golf club” heal broke off the thirn tube and the gas expanded into the
tvo ceils snd the apparatus. It was an easy matter to measure the expansion ratio
of the Bulb volums tc the total volume by £illing the dbulb with eir at a meagured
pressure and expanding it in the ss3e wey. A8 changes are mads in the above
spperatus the volums chenges and this must be sccountsd for. In gensrel the
ratio of the total volume including the buldb, apperatus and cells, to the buld
voluns vae in the range 1.3 to 1.5. The measurements were then cerwied out on the
cells in the usu=l way, (g).

kS, There are a fev points in the above procedure vwhich require comment. When
the bulb iz plunged into the bath ths gussticn s=ises sg to how long it takes for
the buid axd its contents to attailn the bath temperature. This has been tested
in the follwing way. A buldb was comnecied vy rubber tubing to = large U tube
mancmster and the pressure at roca temperature reduced to sbout 40 sm. The buld
vas then plunsed into the bath at 201°C and pressure readings tabsn with time. It
vas found that the pressure ieadings lsveled off in 0.5 minutes. It is clear thet
this order of tise is within the accuracy of the ~xperiment especially at 181°C
and 1510C and it vag not comsidered further. As far as the quenching of the xe- .
action goes, the removel and imaersion cperations tcok only about 5 or 10 seconds.
It seexs certsin that the temperature drop would be rapid and since the rate drops
rapdfly vith cooling it seeme that this factor too need not B¢ considered further.

b7, Ancther point chacksd was ths procedure of ramoving the bulbe from the
vacuuz lins after they had bean £illed with ethyl nitrate. ToO test this manomsters
vere sealed or to the bulbs shown in Figure 25 and they vere filled and removed in
the usual way. When the bulbs had varmed wp toc roon temperature the pressure was
checkef with that initielly msesurad cut end waz foumd to be the same.

&8, It seemed advisable to see whather it was sufficient msrely to evr cuate

the bulbs befors filling them with the ethyl mitrste. IU is possible that moisture
or gaset 2bsorbed or the buld walls might persist through evecuation end exercice
gcae infiwence oa the reaction. To test this three sxperimenis were carried out in
vhich the bulbe were hoated thoroughiy under vacum vith a luminous flame, allowssd
t9 eccl undsr vicwum and then filled. In Table IV, the yresulta s¢ obtained are
ccapared with the resultz of exporimeuts vhere this prossdure wasz omitted.

TARLE IV
The Effect of Flaming the Bulbs on the Reaction st 18i°¢

P/Po' for Bthyl Mitrsts P/P, for Ethyl Nitrite
t(mtn) Flamed Urflemed Fiemed Uaflamed
20.0 0.724 0.720 0.183 0.198
bo.0 0.51% 0.500 0.3T7 0.353

0.525 0.432
5.0 0.223 0.223  0.58k 0.593
- 13 -
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ko, It is clear that the results are essentially the same for both pracedures.
For this reason flaming the bulba was not made a part of the standard pirocedure.
Witk this last test it was coneluded that the procedure was satisfactory and it
vas used in the experiments reported here.

The Msasurement of the Nitric Oxide Pressures

50. It vas noticed gulile early in the research that when alr was admitted

tc the decompoeition mizxtwre a brown color formed. This was attributzsd to the
presence of nitric oxide in the mixture and was the basis for the determination
of nitrig oxide in the'zixture. The procedure was simply to measure the absorption
at 4050 X dus to the nitrogen diaxide present and then 1o admit air and measure
the absorption again. The increase in the absorption was attributed to the oxida-
tion of nitric oxide and its pressure calculated accordingly. After eixr had been
admitted, readings were taken until the ehsorption became comstant, a matter of
twenty mdnutes to half an hour,

51. It is necessary in such a determination to see what effect the admission
of air had on the absorption intensity of nitrogen dioxide alone and in Table V
below the results of scme measurements are shown. Here a 50.00 mm cell was. filled

vith nitrogen dioxids st variocus pressures, the readings taken at 4050 i, ailr ad-
mitted and realdings tuken again.

TARIE V
4 The Dffect of Air on the Abaorption of Nitrogen DNoxide
Cptical Denzity

Pnoa(m) N0, Alone M, & Air ¢ Increase
1.46 0.065 0.075 15
2.20 0.098 0.115 17
9.30 0.115 0.460 1

10.1 0. 44T 0.510 1h

2.  In the above the increass in the absorption of about 10-1T% may bs dus
to an impurity of altric cxids in the nitrogen dioxide or to same yressure effect
on the absoxption. No effort is made in this report to treat the nitric oxide
analyses as quantitative. It may be pointed cut that the amounts of ritric oxide
found (Figure 30) were in general much greater than the above effect could

and there is no doubt that the Tfigures reported represent & relisdls estimeste of
the emount of nitric. oxide present.

Calculations

53. An exemination of Table I shows thet at each of ihe wavelengths used only
two of the casponsnts had to bé considared. If is trus that at 5.7T0M ethyl
nitrite, acetaldehyde snd nitrogen &Nﬁmﬁ. all absorbed but since in every case

i,
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TABLE VX
Rate Constants for Ethyl Nitrate Decomposition (min-1) - -
161°% 181°% 201%
Kinttial part 0.00226 + 0.00005 0.0165 + 0.001%
K ater pert 0.00410 + 0.00005 0.0271 + 0.000R 0.145 + 0.004

57. Fron the three rate copstants obtzined from the later pert of the resction
it is possible to calculate the energy of activation end the temperature inde-
pondent factor. It is found that

k = jolb.bb if35 630 4oc,-1

E = 36,630 + 342 cal./mols where the precision indiceted is the

deviation from the mean.

58. These results mxy be compered with those of Fnillipg (e) and those of H
Adams snd Buma (¢). For the temperature range 179.5-207.95 ¢, Phillips réports i F
k-mn.% e 6#300 sec.”1 - R

This is in good agresment with the results reported here. Adsms and Bawn studied

cfia aa

the rezction over the range i80-215°C and repert

k= l915'8 e'ﬂﬁg—og gec. 1

This corresponids to a much slower reaction rats than was obcerved here for the
"later"” peits of the reaction.

59. It is of scme imterest that when the general rate expression is calculatad -
from the "initial" slopss obtained in this work the exprsesior that results is

k = 10%0°1 .-;2&0_2 sec. 3

60. No interpratation of this dates will be made bere gxcept to point ocut that
Adam and Bewn maie no mention of two parts to their curves but merely atate that
they wsre first oxder cut to 60% reaction.

61. These present results are further similar to thcrze reported ty Phillips

in that he tos fourd a change in the rate curves. Ee found sn initizl period

Vhsrein reacticn was rather clovw followed by a later period which followed fivst .
oxdsr kizetics and whers rsaction vas more rapid. Thia phenceenon becaze lecs
rronounced at hisher temporstures: &hém at 183.7°C this imitisl vert of the curve
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the axount of nifrogen dioxide xesent was very small the amount of nitrogen
tetroxide present was inaimmificant. It mey be further noted that at each vave-
length only ope component ebeorbed very strorgiy. The procsdure used in calcu-
lating was %o use syproximations.

54, The athyl nitrate pressure was obtained avproximately by assigning all
the absorption at 11.73M to it. The rressure so obtained was used to calculate
the ethyl nitreste contribution at ,.TOA and 12.85,1. From ibese valuss the
absorptions at 12.85 A and 5.T0 M could be corrected to give the absorption at
these points due to ethyl nitrite and acetaldehyde respectively and the pressures
of thase components calculated. Using these pressures the contrivuticns of ethyl
nitrite and acetaldehyde to the 11.73 ;A absorptions could be calculated and a
corrected ethyl nitrate pressure found. This process could of course be repeated
but it vas feund that the one a ticn gave an accurate sclution. Since only
+he nitrogen dioxide absorbed st 4050 A the calculation of its pressure ves un-
camplicated. The pressure oi the nitroges tetraxide was found using the equiliibrium
constantyg of Verhock and Daniels (q). The bulbs and cells were protected from ex-
posure to light to eliminats the dangsr of photochemicel decomposition of the
nitrogen dioxide (cf. g).

RESULTS AND DISCUSSION

95. The thermzl decomposition of gaseous ethyl nitrate has been studied at the
temporatures 151°C, 181°C and 201°C. The rates of changs of the pressures of
ethyl nitrate, -sthyl nitrite and nitrogen dioxids have been measured quantitatively
ville the variaticn of the nitric oxide pressure has been followed in a semi-qyusn-
titative fashion as described in the Experimental Part. The resulte of these
studies are shown graphicslly in Figures 27, 28, 29, 30, 31 and 32. In all casee
the quantity une=ed for ploctting the date has been P/Po, the pressure of ths par-
ticular campcosnt divideld by the initial ethyl nitrate presswze. This was nec-
essary since the initial ethyl anitrate pressures used varizd over the range 10-50 mm.
as measured at room temperature. They were chosen so that the pressure of ethyl
nitrate tc be anslyzsd vas at a suitable valus - i.,e. about 5-10 mm.

The Kinetic Data

56. In Figures 27, 29 and 31 the gata have been plotted as if the reaction
were first crdsr. The results et 161°C and 181°C fell intc two perts - an initial
ilneer portion and a later linmsar portion of higher slcpe. The sicpes for zach of
these portions mve been deterwined by the method of lsast squares. The data at
2019C exhibvits too much scatter to allow a division into tvo perts and ths slope
reported vas determined by e least squares calculation made on the basis of all
the deta. In the 181°C curves, the pointe &t 100 and 110 mixuries were not used

in the calounlaticns since they dsviated markedly froa the preceding points. Thus
the data involved in the calculations extanded ocut to 85% reaction only. At 161%C
and 201°C ag mey bs sssa, the data extend out to about 95%. Tzble VI below sum-~
narizes the resulis caleulated from Pigures 27, 29 and 31.
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TA“ n

o

Fate Constants for Ethy) Niitrate Decomposition (min-1) =

161% 181°% 2%
Eintotdd past 0.00226 + 0.00009 0.0165 + 0,001k
K iter part 0.00410 + 0.00005 0.0271 + 0.0002 0.145 + 0,00k

57 From the thres rate constants obtained from the later part of the reaction
it is possible to calculste the ensigy of acuivation and ths tomperature inde-
pendent factor. It is found that

k=

==

Ql‘i”‘u‘e'_ﬁé%g sec.”l

E = 36,630 + 3k2 cel./mols where ths psecisicn indicated is the

daviation fyom the mean.

58. Thase results may be comparsd with those of Phillipg (g¢) and those of
Adsms sud Barn (2). For the temperature range 179.5-207.95°C, Philiips reports f

k= 1013‘86 e 632,00 gec. 1 -

This is in goc? agreement with the results reported here. Adams and Bavn studied
the reaction over the rangs 180-215°C and repert )

x = 1015:8 ¢-33,000 5o -1

This corrseromds to & much slower reacticn rate than wes observed here for the
"later" pearts of the reaction.

59. It is of some interest that when the gensral rate expression is caleulated
from the "initial” slopss obtained in this work the expression that rusults ia
k= xols‘n 9'32%02 sec. t

&0. Fo intergretation of this date will be made bare wxcept to point out that
Mam ané Bewn meis no mention of two parts to their curwes but msrely state that
they were first ordsr sut to 60% reaction.

61. These preseut resuits are further similsr to those reported by Phillipe
in that he too found & change in the rate curves. Hs found an initial perisd
vherein reaction vas rather slow foliowed by & later pariod waich fellsvsd first -
ordar kinetics and whers seaction was more repid. This pheromenon beceme less
prencunced at bhighsr temperatures: ?6\:& at 183.7°C this imitial pert of the cwxve
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extended oct to sbout &0 minutes while at 201.5°C it is barely ncticesble ().
Phiilips has indicated that the mtm portion of the curve is zero order.

We have tested this possibility at 181°C. In & zero order reaction the absolute
smount that reacts in a given time is independent of the pressure of the reactant.
In g first aprder reacticn the frastion that reacts ip a given time is indspondsnt
of the pressure. Ir Table VIT below are shown the results for three kinetic runs

at 181°C.

TARLE YII
The Effsct of Ethyl Kitrate Pressure om the Rate of Decampositiam at 181°C

Initial Presasure Absolute
of Et..,;... Nitrate Amount Fraction
() - Reacted (mm) Reacted
22.0 11.0 0.500
31.1 15.0 0.h486
45.0 21.3 0.475
&. Bence 3% is plain that 4t iz %L & fraction reacting which is constent, and

not the abgolute smomt and the reaction is first axder.

63. Mo explanation for the occwrrsnce of two portions in the rate curve has
y=t been found. At 1619C end 181°C, where the two portioms are distinct, the
ehnnac in slope occuxrs at about the same point in the reaction, i.e. 50% and
57% respectively. The general tendency in cases of this sort is to give greater
weight to the initial rates since lzater variations are attributed to the effect
of the reactiom profucts. In the results repcrtsd here, however, the so-callsd
initial porition parsigts out into regions vhere the reaction products are present
in substestieal amcunts. It hardly seems tenable to suppose that this portica is
1mmme to the effacts of ths producia whils ths later section is mot. The later
section vas chosen as the basis of ths thermodynswic calculations because the

2019C dats fell in line with the Gata frem it rsther than witk the dsta from the
eariisr saction.

The Effect of Adaitives on the Rate of Decompositiem of Ethyl Nitrate

6. H:I.t.z-eien Dioxide. Phillies has reported (a} that mitrogen dioxide, when
aldded to ethyl nitrate, lowsis its &» itien rate. This has since veen con-
firmed by Pollard, Wystt and Mazaball (2) who »=pieted in additien that larger

o1 nitrogon dicxide caused an accelscatien of the reie. A Table VIIX
Gcniistrates aimilar Behavicr was enccuntsred hexe.

- 17 -
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TABLE VIII

The Effect of Nitrogen Dioxide on the Amunt of Ethyl Nitrate
Decomposition at 161°¢C

Initial Pressure \
()

Nitrogen Dicxida Ethyl Nitrste % Log Fo/? e
32.2 21.8 180 0.139 0.00178
59.6 23.2 180 0.126 0,00162
158.0 23.2 180 0.261 0.00332

At 161°C, the initial pert, which covered the time period out to 250 minutes,
ns000226n1n -1, fhis was lowvered by the first two amounts shown in Teble VIII
t vhen still r nitrogen dicxide vas present the rate observed had increased

'Eo 0.00332 ndn."™,

65. The =bove data together wiih those reported in Table IX are only prelimin.
ary results but certain features merit scae discussion

TABLE IX

The Effect of Hitrogsn Dicxide on the Kinetics of Ethyl Hitrate
Dacompositon &t 161°C

Initial Pressures

_t (3om)

(min.) ¥itrogen Dioxide Ethyl Nitrate 1og Pg/P  kl(min.-1)
180 32.2 21.8 0.139 0.00178
325 31.8 25.2 0.230 0.001568

1200 37.1 24.8 0.870 0.00167

In Table IX where the ratio of nitrogen dioxide added to ethyl nitrate initieslly
present was about the same for the three cases reported the firet order rate
constant found was the same for all three intervals as far cut as 1200 minutes.
This is in maried contrast to the data in the abgence of added nitrogen dioxide,
vheye the change in slope occurred at sbout 250 mimutes. The rate found for
the three measurementes with added nitrogen dioxide was lowver than the initiel
rate fourd with nome added - 0.00178 min.-l, as compared to 0.00226 min."l. It
may be that the nitrogen dioxide acts to destroy vhatover it is that causes the
change in slope in the decomposition roact:lon rate curves or it may Pte that it
changed the couras of the resztiexn. ther experiments will bve recemsary
before ap axplanation of this effect '1].1 be Torthcoming.

Kdlwhﬂfwthcninﬂnpomtuk-gzgﬂilos ;2
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66. Phillipe (d) has suggested that the izhibition of the decompositicn Yy
nitrogen dioxide is due to its effect on the equilibrium

GZBECNO 2_50' + ROZ

There are two consequences of such an explanation whick may be conridered in
the light cf the data of Tsbles VIII and IX . First, it may be showm that when
nitrogen dicxide does inhibit the reaction ths rate of disappearance of ethyl
nitrate shculd be second order in nitrate (r). Although the data in Table IX
are by no means complete, they indicate very strongly that the kinetics remain
first oxrder in nitrate.

67. The second consequence of the ebsvs axplanaticn i= that it should be pos-
8ible by adding more and more nitrogen dioxide to depress the rate indefinitely.
Actually the accelarating effect of larser samounts of nitrogen dloxide limits
this factor and complicates the situstion. It is hoped, however, that a quan-
titative study of the effect of nitrogen dicxide on the reaction kinetics will
be fruitful and Tabls VIII represents the preliminary results of such a study.

It is siriking that alnoet doubling the amount of nitrogen dioxide, i.e.

32.2 ==. increased to 55.6 mm., has little effect on the rate.

68. Fitrogen dloxide could also inhidit the reaction by reacting with the
ethoxy radical. This would compete with atep 2 in the mechenism, (see page 1)
and could lower the rate of dscoaposition of e¢thyl nitrate. Here the lower

iimit of the rate would be half the uninhivited rate. A possibie reaction would
be

Ko + Cl3CB0- — CH3NOp + CHp0

Further experiments like those of Table V may shed scme light on this possibility
and such are in prospect. .

69. Ethyl Nitrite. As Table X shows, the addition of substantial amovmis of
ethyl nitsite had no noticeable effect on the rate of decomposition of ethyl
nitrate.

TA®LE X

The Effect of Ethyl Nitrite on the K::ntics of Btayl Ritrais
Decmposition at 161°¢

Initial Pressures Log Po/P
Bthyl (rm) t {as read frcm
Kitrite Ethyl Nitrate {(mimutes) Log Po/P l=ast squares slope)
i5.0 1.2 5 0.075 0.07%
i3.C 15.2 150 0.136 0.150

From the point of view of the mechsndem on page 1, this is a bit swprising.
Ethyl nitrite in itz Qecomposition

- 19 -
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(1) CpHSONO — CoHg0* + KO
(2) CoHs0: + CoR50NO — CoHsOH + CH3CHONO
(3) CH,CBONG — CH,CHO + 10

ects both to furnish ethoxy radicals and to use them up. It would seem that

it should have some effact on ethyl nitrate acting either to retaxd its decom-
position by the consumption of ethoxy radicals. or to accelerate it by furanishing
them. The fact that it does neither is hard to explain. According to Steacie
and Shaw, (n), ite rate constant is given by

i = 1039 X lolh Q” 7 ?m “00.1

vhick st 161°C gives k = 0.0008 min. l. Thia compares to 0.00026 min.t for ethyl
nitrate in the initial part of the reaction rate cuxve. It wvould seem that the
rate of Gecompositior of ethyl nitrite relative to ethyl nitrate should be great
soougn Lo sbow an effect. It is possible too that ethyl miirite takes up ethoxy
radicals at a rate such that this countervelancss the effect of its Supplying them.
Since the yesults in Tsble X 4o indicate that athyl nitrite is not respcnsible

fer the slope change showever r: further experiments havs been carried out with

it as yet.

To. w The presence of mercury, as Table XI shows, resuidd in an in-
cyeased decomposition rate. The mercury cen 4o st least two things. It ean
refuce the aitrogen dicxide to nitrie oxide. Since thia reaction is fast at rom
temparature, it must be very fast at 161°C. It is conceivable also that mercury
reacts directly with ethyl nitrate fo reduce it. Either explanatiorn could explain
the results of Table XI.

TABLE XX

T™he Effeet of Mercury on the Kinetizs of Ethyl Nilrate
Decomposition at 1619

Pinig '

(wsn.) Log Po/P (min, -1y
180 0.307 0.0039k
322 T 0.62k 0.00436

e

mmmmmmamputuk-ﬁ?ém;g
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Since in the two experimenta repressnted in Table XI liquid sercury vas elvays
present, the pressure of mercury in the gasihase vas a comstast. By varying
the mercury pressnxe snd observing the decompoeition rate it would be possibie
to see whether a direct reactlon of the mercury with the ethyl nitrste occurred.
Suclk sxXperiments are in prospest hszes.

The Varistion of Nitrogen Dicccide

T1. In ths 4ata rsported Lere it can be feen that nitrogsn dioxide never built

up to a large extent in the reaction. Examination of Pigures 28, 30 and 32 shows

that in general it wes less than 109 of the initial ethyl n:ltra.te at all times.

Atthough it does seer to go through = meximun concentration as reported, {c,d,e)

it has such low values that thiz feature 18 not very striking. This bvehavior of

the nitrogen &loxide pressure may: be sccounted for i1f there are two reactions

present; ors producing nitrogen dioxide and the cther conswming it. If it ie

assumed that the decomposition of ethyl nitrate ylelds nitrogen dlowids it only

remaing to f£ind a reaction vhich uses it up. One reeoction which has boen suggested,
(@),1s its resactica with aldchydes. Fresumebly the aldehydes are formed simul-

tanecusly with the nitrogen dioxide however and there ie mo obvious resscn why sny
concentratior shculld build vp. One vould rathsr expect that the nitrosss dloxide

wvould be used up a3 formed. The way ir which the etkyl nitrite pressure wvaries

suggests a reasopabls alternative. Ethyl nitrlte builds up fraa zero Zreasure to -
maximm. One of its dissociation producta is ethyl alcohol vhich reasts rapidly ,
with nitrogen dicxide. At the start ¢? the rcaction vhen the ethyl nitrites Fressure 2
is amall the rate of formatisa of the ethyl aleochol and hence the rate of com- !
ounption of the nitrosen diowids would be amall. The cthyl nitrate pressure i

large 2% the stert, howewver, ani the rate of focmation of nitrogen diaxide would de
cmtinly larges. Hence at the start of the reacticn the nitromen diaxide would

bulld up. As the ethyl aitrite mressurs increcssd snd ths ethyl nitrate rresswre
decreased; a point wouid e reached vhere the aitrogen diaxide would Yo wsed W

faster than it was formed and its pressuve would drop off. This, it is sugmested,
expiains the sciual behavior found.

The Veriation oI the Nitric Oxlde Pressmes

T2. 'Bxhhmhonnmonlyfurth-;&ocmho Actually similar
phencmena were observed at 161°C and 201°C but measuremants were carried out
systematically caly &t 1819C and for this ressss culy these iusults are included )
hare. .

T3- It can be ssen from Figure 30 that the nitric cxids values remain rether
s=zll over most of the reactior but stert to PFise rather stcerply at ithe end. It
vas notsd in the Experimsntel Part thet the nitric oxide results are not guantita-
tive. It may be that the eariier, low valuas are in sd@s &oudt dut in the later
etmcafmnwtimmntbntﬂeom&.nlulfm”amﬂe.ndtbe i
nitrogen diaxide values arc smell it wvould sssx that the analytical results exe
gialte raliabie.

e

Th. T™aa type of behavior shown in Figure 30 would indicate thet the main
scuxce of the nitric cxide 18 by the Qirect decespoeiiian of ethyl nitrite.

CoH50NO —> CgE50* + MO

~n
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It i3 only in the later stages of the reaction where the ethyl nitrite preasuxes
are rether high that the nitric cxide pressure hecomes anpreciasble., If the
nitric oxide were¢ being formed via the nitrogen dioxide-acetaldehyde reaction its
treasure should build up steadily over ths entire reaction time end not, as it

does, rather steeply st the end.
The Formation of Methyl Nitrite and )..tromethane

T5. Although no quentitative snalyses for these two compounis were made their
presence had bcen established toward the end of the reaction. It is plrusible

that this would bde¢ when the reaction
| CHgCHpO — CHy+ + CBpd

wvould be favorsed since there womuld e copperatively little etbyl nitrate and ethyl
nitrite present to react with the ethoxy redical. The reaction

cﬁs' + ¥ — CH3E02

has been suggested before (s). It is possible that it 1s the source of the nitre-
methars gnd that s similar reaction is the zouree of tha methyl nitrite. On this
vasiz, the appesrunce of these campourds may be hermonised witk the mechanism on

rege 1.
The Varistius of Ethyl Nitrite

76. As cun be seen fram Figures 28, 30 and 32 at all teoree temperatures the
ethyl nitrite prassure curve goes througn a maxiram. Since the dats are rather
scattered at 201°C the Aiscussion will be confined to the 161°C data and the 181°C
data. It can be geen that rather smooth curves are described here vhich rise to a
msximm of about £2% of the imitial ethyl nitrwte at 181°C and about 70 at 151°¢.
Thus 1t is a major intermediate in the reaction, a2lthough it has received littls
attention as far as itz having a role in ths =thyl nitrate deccepositiocn goes.

It hes beem weportsd as a product of the decumposition of ethyl nitrate by Theile,
() but the squations written for its formation had been considered quite wnlikely
2 s &nd sinoe ro expeiimental dsteil had been given by Theils, it had beem dis~
counted a8 being of any importance in tie decampositiom of ethyl nitrates.

T7. Sinee in the present work, ethyl rmitrite hoas been found to bs so important
s eonztituent of the decomposition mixture, it is of as== interest to inquﬁ.n m
1t vas thut it wes oot reported by Admms & Bam, (e) or by Phillips, '{e)..

sectis quite libely that the exgisnatior for this lies in the reagents ubéd‘.vﬂnn
vorkars to estimate nitrogen dfaxtide. Tn both cazes the analysis for xitregen
Gioxids depenied on i1is hydrolywis to nivrous agid

‘ 21!)2*'320——)ma+m3
and the subsequent reaction of the nitrous eeid with an axalyticsl resgeni. Phillips
used the Cxisss reagent with which mitrous azid gives a piak color and idems and
Bovn used amidesulphunic asid from vhieh mitrows scié liberatos nitrogeu. In each
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case since only one mole of nitrous acid is foimed from two moles of nitrogen
dioxide the amount of nitrous acid found had to be multiplied by two to give

the amount ¢f ritrogen dioxide originally present. It is well imown (u) that
ethyl nitrite hydrolyze: to give nitrous ecid and water. This hydrolysis is
wwry rapid in acid selution sand moderately rapid in hese. It seems quite plaus-
ibdle that in both the above cages othyl nitrite would give a pesitive test, .2
it wvould give a color with Griess xcagent and would iibverate nitrogen from
amidosulfonic acid. Inm both the gbove procedures the resction products vere
separatsd out by & system of traps at different temperatures. Since nitrogen
dioxide (bp 21.3°C) and ethyl nitrite (bp 17°C) have boiling points very close
to one another both would be caught in the sama trap. In Fhnillips procedure the
material in the trep was firsat treated with dilute KDE sclution end then with the
Griess reagent. It i1s difficult to repeat his procedura exactly but we have made
the siwple test of passina ethyl nitrite wvapor direetly into the Griess reagent.
The deep vink color formed immedistely and could not be distinguished froin the
color produced by nitrogen dioxide. Hencs 1t seems quite probable thet in
Phillips procedure some, and perhaps all, of any ethyl nitrite present would be
included in the analysis for nitrogen dloxide. The same may be said for the
anslysis used by Adams and Bawn. Since one2 mole of ethyl nitrite produces one
mole of nitrous acid it would b twice ss effective as nitrogen dloxide in both
of these analyses. These facts, i1t is logical to assume, explain why “he above
vorkers did not report ethyl nitrite on the one hand, and why their analyses for
nitrogen dioxide on the other hand were much higher than those rsported here.

Possible Modas of Formation of Ethyl Ritrite

8. When the mechanism for' the ethyl nitrate decmpgnit;lora 18 re-examined:
o500y = Colis0" + KOy
C2H5?° + cansonoz — CZHSGH + CH3§ - 05’32
Cﬂag - om2 - CH3CHO + N02

e source for the formation of ethyi nitrite can eagily be found. Among the
postulated products are nitrogen dioxide and ethyl aicohol. A common method

for the preparation ¢i nitrous esters is by the action of "nitrous fumes on the
alcohols” {u), and it vas thought thet this might be the source for the ethyl
nitrite found here, i.e., the reaction vetwsen pitrogen dioxids and ethyl alecohol.
Accordingly tucse two gases vere mixed and the infrared record of the product

talken. Thig is gshown in Figure 33. It is obvious that ethyl rnitrite iz z product.

At the time that this work was being done there was no definite mention of this
reaction as such in the literature. Harris and Siegel had obviously encountered
it when they found that wethyl alcohol and nitrogen dioxide xeact very rapidly
in the vepor phase (v). They reported that nitrie oxide wes not 2 product but
were unable to say anything further. Obvicusiy methyl nitrite had been formed.
Recently Yoffe snd Grey () have reported on this rewction directly, however, and
have written it as

é.‘,nsox + 2Ny —» CpHsONO + HNOg
- 23 -
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This iz then one vzy by vwhich ethyl nitrite could be formed in the reaction
mixture.

19. Before considering the sbove reaction in somevhat more datail; ome other
poeaidle route for the formation of ethyl nitrite will be considersd. Reference
to the reaction mechanism for the Aecom osition of ethyl nilirate shows that
nitrogan dioxide and acetaldehyde are among the paoducts. It is well known, (x),
that thege react together quite rapidly at these temperatures to give, among
cther products,nitric oxide. It is possidble to write the xsaction:

CHeD- + KO —> C,HONO

as a source for ethyl nitrite since ethoxy radicals aie also found in the mechanism.
Argunents against this idea stem from work done on the decomposition of the

nltrites themselves. The aboe reaction iz the reverse of the one written as the
rate determining step in the decomposition of ethyl nitrite. If it occurred one
would expect that nitric oxide would have & reterding effect on the rate of fecom-
position of ethyl nitrite. This poinrt hes been carefully considered, (n,r), and

it hag bdeen found that even in the presence of added nitric oxide no effect is .
found, It thercfore seems that the sbove route to the formationd ethyl nitrite

in the decamposition of ethyl nitrite mast be diecarded.

80. The reacticn vetween nitrogen dioxide and ethyl alcchol thus emerges as

the only plausible route £or ths formation of ethyl nitrite which can be derived
frce the mechanism vritten for the ethyl nitrate dccoamposition. It 1s of interest
to examine this in somewbai greater devail. Ethyl nitrite itself undergoes thermal
deccmposition at these temperatures, (n).

81. Its rate constant is reported as

k = 1.39 x 1034 e"?t_'?,-ﬁrz@_ sec.”t

At.-.BlCtnisve..meoecamsknooos3>min°la.ndat16lc1tisk 0,0008 min.™*.,
The rates are then substantially smaller than those for ethyl nitrate. It is of
interest to consider the lituation

°235° R O C,H ONO

Gaﬂ 5@30 —k?--s products

Here ethyl nitrate ylelds ethyi nitrxits by same first order process having a rate
constant k;. Tha ethyl nitrite theu Gscomposes to itse products by a first order
procesz having a rate constant kp. Hore X represent: the Iraction of ethyl nitrate
molecules that yield ethyl nitrite. It may be pointed out that if ethyl nitrate
decomposes to products vhich react very rspidly to give ethyl nitrite {hen the
first conditior is satisfied. Althoush ethyl nitrate does not give a simple first
oider decomposition ocver itz entire rangs it is of interest to treat the ebove
simplified situation mathematically. It may be caown, {y) that at oy tiss ¢
the preasure of ethyl nitrite P is given by
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The general shape which such 2 function takes is shown in Figs‘lre 34 where it is
plotted for X = 1, kp = 0.00535 min."l end k; = 0.0252 min.">. The latter
figure represents a rate between the value found at 181°C for the initial part
of the reaction and the value found for the latter part. The value for ethyl
nitrite is the one calculated for 181°C from the data of Steave and Shaw. It
is scen that the curve goes through a zaximm about at a value of ethyl nitrite
eqial to 0.657 and at a time = 80 min, A glance at the curve for ethyl nitrite
found in Figure 30 shows that it is similar in shape to the abowve calculated
curve, Here the maximm is at 0.61 at tp = 90 minutes.

82. When the ethyl nitrate decomposition mechanism is examined it is clear
that if the ethyl nitrite is formed via the nitrogen dioxide -- ethyl alcohol
reaction K = 0.5. This wauld secex to be the upper limit for X since there is
no plausidle route for the conversion of acetaldehyde to ethyl nitrite. If the

4 ethyl nitrite were thermally stable, 0.5 moles of it would form per mole of ethyl
L niirate decompossd. Since however, it does decompose at a measurable rate the

. mascimn amount that would form would be less than 0.5. If the rete constants
used for Pigure 3 were correct the maximm amount of ethyl nitrite formed would
be 0.320 moles per mole of ethyl nitrate decamposed.

83, Actually the maximm 1g 0.61 at 181°C ard 0.7 at 161°C and both maxima

- are reached a  “4nts vhere only part of the ethyl nitrate has decomposed. At
181°C the 0.61 moles of ethyl nitrite has been formed fxvun the decomposition of
0.86 moles of ethyl nitrate while at 151°C the 0.70 moles of ethyl nitrite at the
meximm has been formed from 0.88 moles of ethyl nitrete. Clearly much more

v athyl nityrite has been formed than the above mechanism can account for and it :
remaing an important problem to eatablish ‘uet how this substance arises. I% may
be noted perentheticsliy here that since ethyl nitrite is known to yleld ascetgl-
dehyde, (n),in its decomposition, acetaldshyde would have to be a product of the
decomposition of ethyl nitrate and wvould show up in the later part of the reaction.

Tests of the Modes of Formation of Ethyl Nitrite

8%, Tvo experiments have been carried out in an effort to get more information
on the mode of formation cf the ethyl nityrite. Fraom the case and great rogpidity
with which ethyl alcohol and nitrogen dioxide react in the vapor phase it seems
certain that it they form in the decomposition of ethyl nitrite they will react

to give ethyl nitrite. In beth the experiments described below an effort was made
to tegt the occurrence of this reacticn by initially adding to the ethyl nitrate

a component which would compeie with the ethyl alcohol for the nitrogen dioxide.

The Use of Mercury as a Competitive Reagent

B T e N T3 ROE G P ey

8s. It i3 vell known that mercury rapidly reduces nitrogen dioxide to nitric
oxide at room temperatures. It was felt that mercury might compete favorably

with ethyl alcohol for the nitrogen dioxide. At 181°C mercury has a vapor pressurs
of 8.6 mu, At the start there is no ethyl alcchol present and since it forms as

the reaction proceeds it seemed that at leasst towards the be of the reaction
mercury might compete favorably with the ethyl elcohol and reduce saocunt of
i -25 -

e GG A [t



TS ——

W b 4

T

!
§
|

NAVORD Repoxrt 2313

ethyl nitrite formed. Accordingly excess mercury (enough so that there vzs
tlways liquid mercury present) wes added to g sample of ethyl nitrate and the
two heated in a buld in the usual wey at 181°C for 87.1 minutes. The time
chosen wes that at which the ethyl nitrite pressure would be about at its max-
jwr= valus. The value for ethyl nitrite found for this experiment iz indicated
in Figure 30 by a triangle. I¢ 41s found that somewhat more ethyl nitrite ves
formed in the presence of msrcury than in its ebsence. ,

86. If the ethyl nitrites presswxe had Leen markedly lowered by the presence
of the mercury it would have indicsted strongly that the nitrogen dioxide -
ethyl alcohol reaction was lergely responsible for the ethyl nitrite formation.
The lorger wvalue for the ethyl nitrite may however be explainad in other ways.
For one thing the ssaction of ethyl alcchol and nitrogen dioxide 1is so faat at
roca temperature that 1t may be that at 181°C it 1z fast erough so that the
reaction vith mercury camnot effectively compete with it. Another alternative
is that the mercury may reect directly with the ethyl nitrate to give ethyl
nitrite vis.

CoH50NOy + HE — CoHgONC + Hg0

This Jlatter altermative is susceptible tc testing by kineties saince it would be
a vimolecular reaction snd give corresponding kinstics in the absence of liquid
sercury. This has not as yet been attempted.

The Use of Mathyl Alcohol as a Competitive Reagent

87. Experimsnats involving the reaction of nitrogen dioxide with methyl alcohol
and with t-butyl alcchol had indicated that it was & general reacticn for alcohols.
Accordingly it seemed that an effectivs campetiior for ethyl alcohol might be

found in the use of another alcochol. The alcchol chosen wvas methyl alcchol. In
oxdar that such an experiment be practical it vas necessary for the infrared

records of the two nitrites, methyl nitrite and ethyl nitrite, to be sufficiently
different to be distinguishable. Portunately the characteristic bends in the 12-13 Iu
region were distinctly different. The record for methyl nitrite in this ragion

is ghown in Figure 17 and compsrison of it with the record for ethyl nitiits in

 Figure € illustrates this point. '

a8, Az gxperizent was caxxied out in which 25.5 mr of ethyl nitrate and 30.0 mm
of mathyl allechol were heated together at 201°C for 17 minutes. The record for
the product ig shown in Figure 35. It is clear that methyl nitrite is the preéom-
inant nitrite present. It is not possible to rule out ethyl nitrite completely
of course. There is however one obje~tion tc this «xperiment which had tc be
tested. It is well known that +the nitrite esters readily undergo trans-esteri-
fication. Methyl nitrite is readily prepared by adding methyl alcohoi to amyl
nitrite. at roo= temperature. The possibility existed that ethyl nitrite and
methyl alcohol might react in the vapor phage at 201°C to give methyl nitrite and
ethyl alcohol. To test thig 25 mm of methyvl aleohol werz heated with 23 mx: of
ethyl mitrite at 159°C for 17 minutes. The results are iliustrated in Figure 36.
It is clear that methyl nitrite is formed and hence this test for the mode of
éthyl anitrite formation in the ethyl nitrate decompogition did not help to solve

the problem.
- 26-
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The Status of the Problem of the Kthyl Nitrite Formation

89. At the time of this writing ro further experiments designed to study
the ethyl nitrite formation have been compieted. It %8s interesting to
" speculate whether the ethyl nitrite can be forucd directly from the ethyl
B pitrate without cleavage of the CO-N band. This might conceivably occur by
reaction of the nitrate ester with one of the decomposition producta. The
regult of a direct transformation of ethyl nitrate to ethyl nitrite is reduction
2nd it may be indeed that nitrate esters can funciion effectively =s oxidizing
pgents and be themselves reduced to nitrites. Amond the decomposition products
g acetaldehyie, or formaldehyde are likely subjects for oxidation. This remsins
3 0 be tested.

90, A further attack on this problem wvhich is under consideration involwes

the study of the decompositica of t-butyl nitrate. In the mechanism written

for the decomposition of ethyl nitrate the formeticn of ethyl alcohol depends on |
the presence of a hydrogen elphe to the nitrste group. Such a hydrogen iz not ,
found in the t-butyl nitrate molecule end it is felt that there would be no vay

for an alcohol to be formed; if t-butyl nitrite were to be found in the decompos-

ition producta of t-butyl nitrate it is hard to see how it could form except by

direct re@uction of the nitrate sster. This compound is of further interest from

the general point of view of the mechanism az a whole. From studies on di-t-butyl
percxide (2) much is known about the way in which t-butexy radicals beheve. If f
t-butyl aitrate decomposes to glve t-butoxy radicels it should be possible to Q ‘

iy

TS TSl ey s

determine this by seeilng vhether the typical profducts produced by such radicals
- are found.

Genera]l Comments on the Role of Nitrite Esters in Nitratic Ester Decompositions

. 91. - It is of great interest whether or not nitrite ester formatiocn is general
for ali nitrate ester decompositions., It is hoped that this problem may dbe studied
in thia laboratory in the future. The transformation of nitrate esters to nitrite
esters may be of grsat importance in the storege problems invelved with such com-
pounds and in their verformsnes g8 fuels, propellante and expliosives.

PRI P S e A SR

Ceneral Comments on the Thermial Decomposition of Ethyl Nitrate

92. The mechaniem for the decomposition of ethyl pitrate on page 1, is the
tus which on inspectiocn would seem U0 be inherently the most plausible. The O-N
bond which is broken in the rate dstermining step would appear tc be the weakest
bond in the moleculs and hence the ons prones to Lieak first. PFurthermore the

7 activation energies found ere in the same range, 36-39 kcal. as those found for
the nitrite esters. The Tragments formed in the initial &ecompougition, 1t would
aeem, ehould react aa postulated.

T B

; 93. There remsin, however, three important facets of this problem which are
not fuily explained by the sbove mechanism and which ne=d to be explained before
' the problem can be comsidered to be solved. One facet is the behavior of the i
rate data. Both i1r the work reported here and in Phillipe’ work a chenge in rate
after an initial period has been encountered. In this work the fact that the
rate change only occcurs after sbout hal? the ethyl nitrate has dzcamprs~d mekes
it impossible to &iscuss thiz on the basis of small amounts of indfial impurities
snd impliee that it is a true paxt of the reaction.
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9k, A second facet to be considered is the effect of nitrogen dioxide in
inhibiting the rate. Phillips has suggested that this msy be explainsd on

the basis of an e librium dissociation in the Tirvst zlep. Tnis may veil be

the correct explenation. The fact that no such phenmsncon is encomiered with

the allyl nitrites is rather puzziing and for this reason altarnative explanations
are gtill Adesiirsble. It is zossible that a more quantitative examinstiocr of the
phenomencn may elucidatz 1ty nature und as has been meniionasd before such an exem-

ination iz in prospsct here.

a5, The third fzcet that i3 at odds with the zechaniex postulated is the
amcunt of ethyl nityrite that is formed. The nitrogen dioxide-ethyl esleohol re-
acticn 4s such a ready sciution for the formatiorn of ethyl nitrite that if it had
been formed in lesser amount its presence would it in reedily with the mechaniim
as written. The fact that the wmechanism canmot account for the amount actuaeliy
formed, however, suggssts very rhrongly that the mechenism is either incorrect or
incomplete.

96. The way in which the nitric oxide pressure varied at 181°C is also of
izterest. It has been polmted out that this veriation is more wvhat would be ex-
pected if the nitric oxide were being formod by the dissociation of the ethyl
nitrite rather than via the dissociation of ethyl nitrale to acetaléehyde and
nitrogen dioxide and their subaequent reaction. It seems that any explsnation for
the ethyl nitrite formatics will explain the sbove behavior ss well,

97. It frequently haprens with resction mechanisma or theogies of sclepce in
gereral that they are plausible and that they satizfy the mein requirerments of

the fields with vhich they dsal. Yet there are oiten some discrepancies that ere
ot explained., It is <hees digcrepancies that are importent clues to an externsien
or revision of the parent theory o mechanism to onme vhich better fits the facts.
It is believed that the points discussed above are in the mature of such clues znd
that through them a mora caEplets understanding of the Gecomposition of nitrate
esters may yst be reached.

SUMMARY

96. The decomposivion of ethy) nitrats has teen etudied at 161°C, 181°C and
2019C using spectrozhictomestsic methods in both the infrared ani +visible region.

The rate of decomposition of ethyl nitrate at these temperatures has been rmeagured.
At 161°C and 181°C the rate curve falls into two parts, oxe from O to adout 50%
and the second fram 50 to about 90%. The initial part has & smaller slope. On
the basis of the higher slopes the rate expression

k= 101!":‘1’ e'3_.!_.__6qg3o gec.~ 1

hes been found,

99. The techulques emplcyed here have alsc revealed that ethyl nitrite is a
major mumg.igte in the reacticn and is formed in smounts greater than oan
essily be expiained by the gorerally accepied mechunism for the dscospositisa of

-28 .
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nitrate caters. TIn addition the formetion of methyl nitrite and nitromethsne
1= ¢he 2scomposition mixture has been demonstrated.

100. The wariation of nitrogen dioxide with time as the ethyl nitrate decomposes
has glgo bheen meanaved ani an -nmna'hicn offered. The effeci of nitrogen dioxide,
ethyl nitrite and mercury on the rate has been subject to preliminary study and

the results discussed.

101. On the basis of the above results and the rate data the accepted mechenism -

for nitrates ester dsconmposition has been excmined and certaln insdequacies pointed
cut. Some axparimental prccedures designed to elucidate further the nature of the

mechasis® have been indicated.
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