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The question of whether diszenes lose mkogen thro)xgli one'or two bond scission

has been a snb;egt of study for over fifty yems Usinig recently hvaﬂnbla data on

20b and preyi published A ius porametert for hane a kinetic
i

a‘ppr@ch was taken to this problerp psing‘ X;methyl-2-phényldinzene.
o I lhe ﬁrst pait of 'this thesis the synlhes‘is amd pnriﬂ;:ntion of 1-methyl-2-

pheuyldlazene is ducnbed i ~ &

The next secnon deals with the conxtr\lchon of the vacuum line_arid m 235061

ated nppuratus The problems “with the original . design e dxscussed and ‘

modnﬁcahons which were madg to_the line are outlmed .oe » "B
‘ ~ i
o T In the results section are presented | the deﬁmhon of, the rate constant for nm‘o-
gen formation and &e of prodllcf.s of reaction, whlch with the associated appen-

dentified and d. ‘The yield-ti 5, order, -

dxces show how ‘th ducts were

snd Arrhenius plots aré then prmented [or both the unpncked md packed reaction

ves_sels as well a5 results for experiments in which propene was pruent.

iscussion section. The pos-

- : A s}lmmriry:or the observations is first given il

sibility of, direct sition of 1-methyl-2-p 1dis with liom ibuth

from he chain is next di

ion of the Irana to cigiso-- -+ s

menzntlon Both are shown to be implausible, using aguments bnsed on the results

obtained. L L L

' Based | on the eﬂ'ecl of propene, ﬂ}e orders of reach(ﬂl and the va]um o{ the .

two h aré then proposed. 'I‘he slmplc one is written

to show that nitrogen may be formed by a chain reaction as well as by simple fission—

of l-methyl-z-phenyldiazene 1t is solved to show-thatqjt is first order with respect to'
e . nitrogen formation. The second mechanism scoounlf for the products of rencuon,

and also adds a second chain to the pyrolysis. Speculation -on ! the formump and

S
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reaction of diradicals is then?‘.ﬂe/ The com]}& chanism is then solved to show
that it too is ﬁlst order with respect to nitrogen lormahon

Possible Arrhemus pnmmeters of the slmple fission omyl'z-phenyldmzene
are then proposed based on the pmpene results. These'parameters agree quite well
with what Forst nnd‘Rice obtained for azomethane and suggest one bond scission of

1-methyl-2- pheny]dmzcne

Speculation as to why, in the initial series of propene expenment.s no |nh?hon
of the Tate of nitrogen formation appeared is then made. ‘The ‘possible role.of -
, .

P

* s al idered.
y is also 2

Finally, the erratic behavior of the reaction al‘ter the initial series of propéne
cxpenment.s is commenled on, and further dlrecuonx for the g’tndy of thxs reactmn

- \ &
are presented., k] 9 :

phenylhydratone ofimethanal

L
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I Introduction

o ot B Rationale for this Research

L4
ﬁ}azenes may pyrolyze by .breaking two bonds simultaneously, "
R-N = N-R — 2R +N, .
or, by bréaking two bonds in ‘sequence, o 8 5% "
fA] R-N =N-R - R-N = N-+R '
18] RN & N-o R+N, } . ¥4

The subject, of one or two bond scisgion of ‘djazenes, was rmsod in 1020 by Ram-

sperger (1) In’ hls senrch for’ systems which could be used to test new tl‘eones of .
. ~
P

lar reactions he pyrolyzed I-methyl-2-isopropyldi and

d tlw

activation energy of this reactlon with those of azomethane and azoisopropene whlcll
he had previously sLudied He found that the activation energy ‘for the ixed
diazene wns between the other two values, and therefore cdncluded that there was

two bond slesslon

However, the rate measurements were made by monitoring pressure change

because at that time the complexity of the stoichiometry was not realized and the ,

- s . x
difficulty of i it 'y rate was not/,, iated. When the

é]ementary rate constants for nitrogen formation from azoisopropane (2) and azo-

methane (3) were eventually measured the valueg-dlid not support Remsperger's

results, and so the comparison was invalid. App{ ently 1-) methyI-Z-)s?pmpy]dmzene i

has not been studied subsequently i @

v




In a recent’study (4) of azobenzene pyrolysis, the elementary rate constant for
nitrogen formation was reported. This result, along with Forst's (5) results for azo-

methane led to the suggestion of a col_upa:ison', similar to Ramsperger's, of azo-

methane, azob and L-methyl-2-p
Azobenzene . 2
A review of azobenzene pyrolysis in the gas phase shows that only twg studies
have been completed. In one, referred t8 above, reference (4), Arrhenius parameters
for nitragen formation were reported to be 10'® s for the preexponential factor
and 378 kJ mol! for the activation em;rgy. In the other, Leiba and Oref (8) éave
10261 and 223 kJ mol!. The discrepancy seems to be due to problems of
stoichiometry and treatment of data in the latter study. A discussion of vﬂle -
discrepancy is found in reference (:1)> .

Azomethane

Since the publication of Ramsperger’s piopeering work a numiber of studiés h;;ve
helped to determine the features of azomethane pyrg[ysis, The most important
results are now rcviewed,?_ ) - ' . .
(1) Steel and Trulman’-Dickenson (6) measured the rate of nitrogen formation &;ld )
showed that it was inhibited by the addition of propene. They deduced l’r;xm
these results th\‘at a sho{t chain was present in azomethane pyrolysis.
(2) Forst:and Rice (5) next showed that addition of nitric oxide reduced the initial
rate of nitrogen formation to a minimum value relative to that observed for the

.

* Since this project was started a mixed alkyl aryl diazene pyrolysis in the gas phase has been investi-

gated (28). The Arrhenius obtained for I-ethyl-2- i a stirred flow system
Vo using cyclohexene as a cyrrier gas were 209 kJ/mole for.the activation energy and 10"*2 for the &
N pre-exponential factor. The question to be asked of this study is: Does the use of cyclohexene as

an inhibitor'give the elementary rate constaat? For comments, refer to the Diccussion section.

t Those in which the progress'of the reaction was monitored manometrically are omitted.
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uninhibited reaction. Because catalysis as well as inhibition was observed the
rate constant wss. calculated by extrapolating the rate back to zero nitric oxide
‘pressure. The initial rates so calculated gave Arrhenius parameters of 1911.3 st
for the pre-expomential factor and 232 kI mol’! for the activation energy.! -

(3) Forst and Paquin (7) carried out a c‘omprehensiva study of the products, and .
their rates of fosmation, for azomethanhymlysis. A short chain mechanism
was propoéed, the main feature of which was_chain propagation and nitrogen
formation by decomposition of the radical CHS-N=N-CH?«.

(4) Two leports ;ppearéd in the literature (13,14) in which the Arrhenius parame-
ters” differ markedly from those repo\ned in reference (5). Both of these studics

_involved the p . of hydrocarbons, in which the

rates of position are d from rates of formation of pro-

duets of ‘hydrocarbon pyrolysis. In the interpretation of the rcsu]tsrof the azo-

methane itized d ition of isob a small molecular contribution to

nitrogen production is considered,

CHy=N = N-CH; — N, +CH,

(5) Benson (15) estimated the enthalpy of formation of azomethane by using ther- ~
modynamic group additivity. The enthalpy chnnge for reaction [2], below, was
then obtained. By ass\lmmg that the

-—

#t A similar study of CD;N,CD; by D.-R. Chshg and OK. Rice {Int. J. Chem, Kinet. I. 171 (nxm))
resulted in  slightp lower pmxponenml factor.

- The reported values of pn—exponcntlal factors, A, and activation epergis, B, in bydrocarbons for

the reaction CH, N CH — N, + CH are listed.

14

ethane 199.2 kJ mol™;
propane < 202.1 kd mol
isobutane 1930 kJ mol!




- CHy-N = N-CHy — 2CHy + N, : 2

activation energy for nitrogen formation in the inhibited pyrolysis of azo-

mithane was equal to the enthalpy change of reactiqn [2A} and [2B] he calcu- -

lated the gecond

CH;-N'= N-CH; — CH;-N = N-+CHy . [24]
CHy-N = N — CHy + N = N . (2B]
N=N- N [2C]

7 bond energy of nitrogen, ~AH of reaction [2C}, to be 338 kJ moll, In his
opinion a reasonable upper limit was qhtamed His arg(ments indicate that two
bond rupture in ‘gas phase dlq,zepe decomposltwn would lead to a transmon
state configuration of low energy, Iess thm;» the weakest .bond dissociation
energy, represented by reaction [2A] or [2B]. Therefore the enthalpy. change of

reaction [2A] or [2B] wouldobé greater than the observed activation energy and

the" value of the second 7 bond energy would be unreasonable hig!}. Thus, Ben:.

son favoured one bond scission. - (o

Special Techniques for Gas Phase Pyrolysis

% . 4 ! >
In this section certain special techniques which have been used in the study of
diazene pyrolysis in the gas phase are reviewed, briefly, and some weferences are
given, >

(1) Very Low Predsure Pyrolysis 5

3 . . 2 "
Pyrolysis takes place in a flow reactor at very low pressure. Reactants and pro-
ducts )‘m monitored in the early stages so that secondary reMtiéns ‘are kept to a
minimum and ummo!ecular reactions can be studnad du‘ectly A dnsadvantage is that

‘rate-constants are obtmned in the low pressure region nnd RRKM calculations have~

~
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to be performed to obtain high pressure rate constants. Even so, either thefhigh °

pressure¢ activation epergy of pre-exponential factor has to be known or, \m.c‘d.
independently. Application to diazenes is discussed ‘in reference 2).
(2) Laser Powered Homo;eneo;s Pyrolysis . *
The use of a pulsed IR laser to provide the thernral energy to an aborbing
e sorcraetiva gas,, whieh, brasilers its energy to: theisenctive subitrats s oW

N through reaction vessel, hm\the_édvunlnge’that there is no surface component to the
\

“*substrate reaction. The Q/pe reported reaction, isoprop. gave the A b
equation of log [k/s] = 13.9 - 172 kJ/2.3 RT which the suthors suggest, in con-
trast to some previous findings (16), xs for a concerted pathway in the decomposition.
(3% Coherent antl-Sfjokes Raman Spectros\copy, CARS . : \ e

This method involves pulsed photolysis, which, in the example cited, is azo- |
< methane at 355 nm. After avamblc delay, nseparate annlysmg laser system probw
the CARS susceptibility of the excited sumpla volume. Excllmg and probmg l)enm <
provide a time profile of ca. 7 ns and a spettral resolnuon of 1 em’l. The results |

with nzan\wthane indicate that ditrqg‘e\n'has an appearance time of less than 2 ns.

This implies that the reaction mechanism involves no diagenyl intermediate! having

a lifetime longer than 2 ns (17). . ’\

. L.
Reactions in the Liquid Phase ? 2 ¥

In the liquid phase, thermolysis of diazenes has been studied by a variety of - ¥

mephods. Some of thie more recent studies and the main conclusions drawn are listed

¢ : below. One bond scission is favoured in the liquid phase.

(1) Newman and others (19-23) have empléyed.lrigh pressure, to several thousand . o

atmospheres, and solvent viscosity techniques. The volume of activalion, ~ ;
tie CHy-N=N \‘

*(\ e
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« B

AV# = _RT(Alnk/AP)y for- nitrogen formation was measured. These studies
have shown that certain diazenes, termgéd “one bond scission” initintorsﬂ, have
targe pésitive activation volumes (such as 18 to 21 em® mol'! in various solvents

for 1-(4-nitrophenyl)-2-triphenylmethyldi ). Others, termed “‘two-bond scis-

sion”" iniliators haye small activation volumes (+5 em® mol™! for azoc e). ~
Also, attempts have been made to relategtite two types to'the viscosity of the

should decrease as sol-

solvent. Rate of “one-bond scission”

vent wiscosity increases and rate of “‘two-bond scission”
should be independent of solvent viscosity.

(2) A stercochemical approach has been_ taken by some workers. Thermolysis of

some optically active diazenes has produced :?gs‘b_wh'ich are interpreted in

" avour of one-bond cleavage (26). Photolysis ¥fjcertain optically ctive: trans

diazenes seems to éive cis diazenes which react byv'one;bond cleavage (25).

The study of secondafy deuterium kinetic isotope efflects by Seltzer and. Dunne
(24), using the successive deuteration of the & cafbon, indicated one bond scis-
: . ; )

sion for unsymmetrically substituted diazenes.

(4) Both 'H and !N CIDNP spectra have been interpreted in favour of one-bond.

~ fission (18).} ®

Potentisl Energy Surface . .
A potential energy surface has been calcn\lated' for azoethane (gﬂ\gsing the
“a

MNDO approximpation to molecular orbital theory. A stepwise cleavage of azoethane

was favoured, energetically, over the concerted mode-of decomposition. Also, the

1t Initiators in the sense of' mmaung nther radical reactions.

4 Also, when cis-l-cumyl-2-phenyldiazene decomposed iin-the presence of triphenylmethy! radical a
small yield of I-phenyl-2-triphenylmethyldiazede was olitained, indicating that the phenyl diazenyl
radieal had been formed. :




. . ) .

calculated activation energy fof \the stepwise cleavage is in reasonable agreement
F . :
with the experimental measurements.
Objef:ﬂves v .
The first objective of this study was to establish the main features of the pyro-

lysis of pure 1-methyl-2-phenyldiazene. .The second was to isolate the elementary .

fission reaction and then to compare the results with the pyrolysis of nzomethm}é

and azobenzene, which hnd@,\lst recently been investigated. This comparison would

help to.clarify the role of one and two bond scission of mixed diazenes. Only the

first objective has been achieved.

&




I Experimental

1. Preparation of 1-Methyl-2-Phenyldi » and Puri jon of Propene
a. Synthésis A ' .

The method, essentially, was that described by Ioffe and Stopskil (29). One
mole of freshly distilled pﬁeuylhydmzine?, 100 mis of diethyl ether, a:nd 0.5 gm \of
hydr‘gqninbne were added to “3’9 ml round-bottomed ﬂmfk fitted wi}th a\droppin‘g
funnel, thermometer, and a reflux condenser. To this clear mixture was slowly
added with stirring 109.6 gm of formalin® sobution. The temperature during ‘addition.”
was m;inlnined below 5°C by means of an ice bath. Upon the addition of formalin
the yellow soluuon became turbid; however, afjer ouethud of the Iommlm solution

had bcun added it became homogeriecus. |~ v )

Upon the {urther wddmon of 10 mls of formahn the yell}w solumm again.

beeame h Shmng was inued for one—hnll hoq[ after completion of: &

- the addition and the renctwn ‘flask was removed from 'ﬁ:'\f bath ‘after the addition

was completed. The aqueous laypr was separated and then wa.shed three times with
50 mis of diethyl ether. The combined etheral phases were driéd over anhydous
potassium carbonate and the. ether, was removed on"a flash evaporator while bub-

bling mtrugcn gas through the soluuon )

About 125 mls of the sllghuy turbid oily resxdue was added to a 500 ml 3-
necked mund-bouomed figgk. An equal volume of a four percent solytion of potas-
sium_hydroxide in ethylene glycol was added and the resultin‘g purple solution was

distilled under vacuum st 5 mm. " ¢ . e

“The distillation was carried out over three days, gud three batches of the ssme
»

t Distilled arT{0* C and 2 mm. ) P
+ 35.6% formaldehyde; 10-15"6 methancl; water,




l‘racuon were collected. Between collecnons the reaction flask was vented The yield

of yellow distillate decrensed wnth ench distillation giving a wtal yleld ol 25%

b. Pnrlﬁcitlun of Batch A

. ' - ¢ o .
The procedure, as described above, was repeated and-the two lots were com-

‘.
. bined. The combined lots, designated Batch A, were used for all runs in the packed

reaction vesse]

The combined lots were swred over activated molecular sieve® and then eluted

through an anhydrous magnesium sulfate co/]umnf with dry pintane. Part of the sob-

‘ vent was removed by 'distillatiun_‘ on a vmtary‘ evaporator.  The 1-methyl-2-

phenyldiazene was then passed through a silica gelf column® using dry pentans’”

, Again, part of thS solvent was removed by means of a flash evaporator. The "
: < ~

}emninder of solvent, about one-third; was removed under 2-3.mm Iig at 0°C for

“five miputes. k . *

Further purlﬁcauon was carried out on a spmnmg band column. The bleed was 7*

"enclosed in a s bag of dry nitrogen gas and Lniethyl-2-phenyldinzene vas disiled at

®

45 C under 8 inm pressure. The first 2 mls of distillate were discarded, the column
heater was kept at ambient temperatire, and the column Was spun a3 slnwly 25 pos-
sible. The' distillation was stopped by venting with dry nitrogen gas M;d the distil-
late wag stored under dry nitrogen gasat 4°C in the dark.

A .
- A gas chromatogrsmV of thig distillate indicated that the only impurity was

aniline, in one percent concentration: Therefore the l-methyl-2-phenyldiazene was

+ 4A, dried at120°C for 48 hours, -
e Scmxl;mI.D.

tt Dried at 120°C for 48 hours.

§ 4cmxlcmlD. : .
v Column - 6' x%".3% OV-I7; T = 1. i >




redistilled on the spinning band column.” As i;eforn, the first and last 2 mls of distil-
Aate were discarded. The pressure was set at @ mm and the dlstﬂlm was collected
at 47° C. Tor this distillation the apparatus was wrapped in towels to prevenL possi-
ble photolysis. o

The liquid collected from the second distillation was subdivided into breakts'ea‘lv
vials, ) .

N ST aEEgl the Tiquid ;.hev'md that the sample contained 99.57% 1-
methyl-z-phv_:nyldiazene, with aniline as the only impnrityi -

c. ‘Purification of Batch B - J

’

For all sub ‘, runs the "_ thyl-2-phenyldiazene used was prepared as
dcscnbed belows and des\gn:\ted Batch B. Twq. cmps ‘of l-methyl 2-phenyldla.zene
were synthemehor this batcl}, designated Lo‘s 1 nnd 2, and were purified in_ the
same manner. ) ‘ P \

- After distillation from the reaction ,ﬂBsk,‘ the 1-r‘\n>ethyl-2-pheuyldiazcue in
méthylene chloride was extracted three times with 50 mls of one molar hydrochloric
acid and then dried over :::hydrous potassium carbonate. Part of the solvent_ was
renfoved on a rotary evaporator and the remainder by vacuum distillation under 2-3

mm Hyat 0°C for five mmutes
As with batch A, ‘he l-methyH vhenyldm.zena was then distilled on the spm-

. ning band column. The bleed was encased in a.hag of dry hel{um and the apparatus
was shrouded in. a black cape during distillation. .As before, the first 2 mls of distil-
late were discnrdeAd‘and the fraction boiling at 45 ° C at 9 mm pressure w;s collected.

. A gas chromatogram® of lot 1 showed the presence of 17% of an unl{nown
impuity and 105 of aniline. A gas chromatogram of lot % indicated only 1295 of

% Column - 6'x%” 3% OV-17; T =130"C.




the unknown impurity.| Subsequent distillation on the spinning' band eolmr{n

removed all of the anilinelbut 170% of the un} impurity® femained in both lots.

+ The proci\llct was subdivided ;;d‘stm:eciin 5 ml nmibonlu undet dry helium. Further
purification was carried out by preparative gas chroma.togx:aphy.

At ﬁm‘, 30l pol\-ijons of the ninety-nine percent I-methyl-2-phenyldiazene were

injected into’ the gas chromatograph!. The column effluent was swept into an
. \

appatatus, like that ill\\stm\ted in figure 1, to separate the l-methyl—Z-phmyldiazene'
H

from the other impurities. ,Appro}‘)riate parts of the apparatus were maintained at
90°C 'to prevent condensatxoq of the eflluent. The 1-methyl-2-phenyldiazene ‘was
collected i in the U-trap as |t~el\} ed from the gas chromnﬁogmph the rest of the gu
chmmamgmph effluent was by-y sed. To make the preparative gas chromntogﬂph
more emment an 8' x %" 3%|.OV- 17 column’ was made so !hat 2 50 pl sample could’

‘
be-injected. Ten M \m

iollechons were mnde, then the trap containing
hcllum was isolated and connected t

the additive section of the vacudm line via the

O~rmg connection. Aff ter evacuahon, \the 1-methyl- 2—phenyldmzene was transferred

to the U-trap which was mamtnmed at -45° C with an acetone bath cooled by dry

! .iee, During transfer, the reaction v
.\ the 1-méthyl-2-phenyldiazene passed through it, and the manifold valve on the back
side of the U-trap was open to the pumps to remove any volatile impurities. After
distillation the manifold valve wss closed, the reactant storage trap was coolgd with
liquid nitrogen, and the U-trap was warmed in order to transfer. the 1-methyl-2-

phenyldiazene ‘it storage section. After the ersrcr the distillation wns repeated

ata i 1-methyl-2-phenyldi: prnssure of 1 mm.

7 plof distillate was ‘transferred to the benzene O-ring section for injection onto

the gas h. If the gas'ch I of the sample indicated that the

+ See Appendix B for discussion.
8 x%" 3% OV-17 column; T

el was maintained at less than éoo'C‘,‘l}ecause .

o

7
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‘Efflwent from gas chr’oma@graph

Nichrome h#ating coil and Kaowool insulation

Copper ‘ N f

Glass . v

Edh O-ring joint

T1 Trap for Diazene

—_—
[[11]
@® Teflon valve with rabber O-rings or all teflon valve
X

T2 Trap for discarded materials

© $ . v

Figure 1. | Collection apparatus for column effluent.
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total concentration.of the unknown imi:ourity and sniline was greater than 0,01 per-

h 1

cent the ive gas ch was repeated.'If the concentration

of the 1-methyl-2-phenyldiazene was g-renter than 00.99% it was transferred h{ck to

the storage section ready for use. ~
/tA high resoluuon mass speclrum of a sample prepared in this way is shown and

s,
‘dlscussed in Appendnx A, Table 11.

d. Purlfication of Propene -

. Propene (Matheson Research Grade, Mile Purity 90.7%) was introduced into
the U-trap of the vacuum line. It was then distilled fiom a hexane/liquid nitrogen
trap (-94°C) to an isopentane/liquid nitrogen trap (-160°C) on- the additive stt;rnge
section. After distillation_ the U- trsp was warmed to nmblenﬁcmperutum and
vopcned to vacuum. The traps were then reversed to collect the propene back into
the U-trap. The "backend” of the U-trap was‘ pumped during this distillation to

réfnove any carbon dioxide that may have beem present. After distillstion the

storage section was warmed to ambient temperature and evacuated. Again the slur-.

ries were reversed to distil the_propene back i}}(ﬁ)e storage section.
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2. ’Vncmunilne “
The vacuum line, ill d in figure 2, was bled in the following manner. »

a. Pumping System

A Welch Duo-Seal model 1400 rotary pump Was used with a Balzers oil diffusion
pump. A vacuum of less than 2 x 1078 Torr, as measured by means of a McLeod
gauge, was always obtained before a run wag sta‘rtedj N

=
b. Toepler Pumps _

Two locpler pmps, illustrated in figure 3, were employed im the line ¥The first
collocted the non-condenuble fraction™ mto a callbrated gas “burette with'the aid of
an automated solenoid valve located at the_inlét to the mercury reservoir line. This

was accomplished by having three electrical ¢ontacts protruding into the toepler

_pump. One, located abofe the top float valve, switched the solenoid valve from a

venting mode to an evacuating mode. The second lead v’vas located atithe top of the
i
reservoir 'and switched the valve back to the venting mode. The third lead; located

at the bottom of the reservoir, was common to the other two.

After the gas was collected and measured the.ﬂoat valve leading to the manifold
from the sccond toepler pump was closed and the gas was transferred to the second
pump. After all of the gas was transferred, using twenty strokes_of the'second
toepler pump, the mercury level was raised to the Y o‘.the gas trankfer loop..

As imlstmted in figure 4,. when the gas tra.nsler.loop valve was switched, the
collected gas was swept onto the mole¢ular sievhe column gnd the float valve below
the loop closed. To open this float valve, which was under pressure, after the sample
had been chromatogruphed, it was nécessary to set the gas chromatograph valves, as
lllustmted in figure 4. The helium flow was then stopped and the-lopp was pamally )

evncunted allowing opening of the valve.
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5 L mixing vessel

Mks capacitance manometed®

Reaction vessel oven

Reaction vessel

Diazene storage trap

U-trap

O-ring joint

Air bath

Line to additive storage section

Additive storage section outside of air bath
Vent : )
MecLeod gauge

Loop for CH, and N,
6-Port valve on chromatograph’

MS column on sample loop of chromatograph
6-Port valve
Toepler pump

Toepler pump -~ 7
Gas burette

Autornatic toepler pump valve

0il diffusion pump

Rotary pump

Rotary pump

Main trap

Helium supply

@® Varian valve, viton seal
@ Varian valve, polyimide seal

®

Stopcock
Metal valve

.

Figure 2. Schematic of initial Yacuum line.
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1 6 Port valve. Ports 3, 4 to sample collection loop. Ports 1, 6 joined. Port 2

helium supply and low vacuum. Port 5 exit to gas chromatograph. Refer to

Figure 4.
2 Sample collection loop for CH, and N,.
3 Float valve. .
3' Double float valve. =
4 Toepler pump, manual.
5 Toepler pump, automatic.” . '
6 Electrical contacts. R ; i '
7 Gas b\lreug:_ i
8 Connections are shown in Figure 8. o
Figure 3.  -Schematic of Toepler pumps. a v'/.

= B






* $IX-PORT VALVE ON CHROMATOGRAPIH *
2 5

Figure 4.

5 To ingecior B on chromatograph

-19 - "

colletion af sample

Posttion during tranafer
10 thromatogrash

v s .
3

3.4 To sample loop (\

16 Connected to rach other
5 To chronfatograph

2 Helium supply.

" Position during transfer of
sample o chromatograph

6
£ 45 )
Position duning evacuation
of sample loop
_« Pamal vacuulh
6

2 From sn-part valve on line o
During early expenments

1.6 To molecular sieve columa . an auxiliary helium supply

was connected at 4

3 Plugeed . &

a

Schematic of switchiqg,ﬂvalves on vacuum line
and gas chromatograph.



c. Pressure Gauge

4 s
Measurement of the initial pressure of the 1-methyl-2-phenyldiazene was made,
using an MKS Baratron 170M-26BM 100 mm head connected to an MKS Baratron

315BH-100 readout module, a 170M-6C Electronic Unit and a 170M-35 Temperature
C e

Compensator.

d? Reaction Vessels .

N .

a)\ The first part of this study employed a pyrex vessel packed with 5 cm pyrex
glass tubes which were fire polished on both ends. The vessel had a volume of '
080 0 ml and a surface to volume ratio of 1. 17 em’l

b) The next set of experiments were carried out in an unpacked pyrex vessel, This

reaction vessel had a volume of 1007.4 ml and a surface to volume ratio of 0.547
el :

e. Reaction Vessel Oven

The central part ok the oven, shown in figure 5, consisted of an aluminum

2 cylinder, with diameter 0.2 m and length 0.5 m, fittéd with an aluminum l?etton{
and lid. The cylinder was made of 0.8 ¢m stock and the lid and bottom éf 2em”
stock. Three heaters of Kanthal wire were wound around the cylinder at the lower
and upper ends, and in’ the middle. These; controlled, by Variacs, were turned on

continuously. A third, outside of these, was controlled by a Thermodyne-Precision )

lati

i resistance probe. Heaters wefe insulated from the

relay d to a
cylmder and one another by asbestos. Kaowool, 'a metal can, a second layer of
Kaowool, and ﬂnally a layer of aluminum foil susrounded the cylinder and heaters.

Kaowool was also packed in the space between the top of the lid and the bottom oI\
the alr bath, a distance of 10°cm. %

—




- Thermocouple

«
Reaction vessel

©

@

Thermostat prob&» \~

Aluminum cylinder, bottom and lid

5  Asbestos

3

Heaters
7 Kaowool

. '8 Metal can

Figure 5. Schematic of reaction vessel overi.
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A slot in the lid allowed the th les and plati probe to

extend into the cylinder, and.AI.si) accommodated the.seck of the reaction vessel.
Two ch;-ometalumel therritocouples were placed-in the reaction vessel well after
the leads were ipsulated with glass wool. They were calibrated at the l‘;‘ldﬁng poiits
of’lin (231.9°C) and of lead (327.4° C), using reference samples which were obtained
krom the National Bureau of Standards of the United States. The rsults.of calibra-

tion are given in the following table.

Reference . Tt . B TC#2t
[ ] 3
Tin 2319°C . 285240.1°C 234.010.1°C
Lead R 3274°C ' 332. OiD 1'c 332. 510 1°C
t Temperature ca m data snpphed by R.P. Benedlct andamentuls of

Temperatures were oblmned by hnear interpolation. TC#1 was connected to a Digi-
tec Thermocguple Thermometer and TC#2 was read directly in millivolts and refer-
enced to an ice-water slush bath.

' . ~
. ) Gas Chrn:mnmgr-ph

)
~ The rédetion . products were analysed chromatographically as.gas and as con-

dunsable (in liquid mlrogen) fractions. The gas chromatograph used was a Varian =

Acrograph Model 1100 with a;thermal conductivity detector, Injector tempemmre

was set at 100° G md a r temperature at 200°C." *
3

The gas. fracnon was lnulysed on a one metgr 5A molecular sieve column at

50°C using a flow rate of the cuner gas, heh\un, of 30 milliliters per minute. The

. : I 3
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~ .
column was activated at 200°C for sixteen hours with carrier gas fowing through it.

:l‘he condenséd fraction was analysed on an eight fodt by one quarter inch stain- )
less-steel column p;;cked with three percent OV-17 on Gas Chrom W, again usin‘g al
flow rate of the carrier gas, helium, of thirty milliliters per minute. The column was’
baked out orice a we:ek at 200° C for sixteen houfs with carrier gas flowing through
it. Temperature programming was used for the condensable fraction: 100°C I'o|;
seven minutes,rthen,IS'C per minute‘w 2!;0‘(2 for twenty minutes. -

The gas chron"mtog‘raph was calibrated for nitrogen, methane, benzene, tollleqe

and subsequently for aniline and N—methylmn‘iline.

g+ Air Bath . .

The air bat{was a thermostated a;hestos box. The le}npgrmxre was main-
tained at 105°C to prevent the 1-methyl-2-phenyldiazene and products from con-
densing in the line. * ~ R S
" The design of the vacuum lil;e_ inside the air bath, Mustrated in figure 2, was
used for the packed reaction vessel runs. Varian high vacuum valves with polyin‘nide
main seals and gaskets were used at the ig]et and exit of the reaction vessel to
prevent reactant and r;action products from dissolving in stopcock grease and to
withstand the high temperatures of the Zir bath. Variar? high vn‘cnun\ valves with,
viton main seals were used on the helium sweep lines to prevent dissolution of reac-
tion ' products in stopcock grease. Stopeocks, with Pilicone grease ns‘\l\lbricnnt were

used elsewhere in the line inside the air bath. S .

The vacuum line inside the'nir bath was redesi.gned, as illus/tmted in ﬁgﬂfu.ﬁ,
lqr subsequent - experiments in which the unpacked vessel was used. These
modifications, listed below, were made to alleviate some problem§ which were experi-

enced with the previous design. - . =

7 i i




@
@

2
8

Reaction vessel

5 L mixing vessel
Mks capacitance manometer
Reaction vessel oven

Diazene storage trap
U-trap

" Coiltrap

Air bath

Line to helium supply
Vent

McLeod gauge

Loop for CH, and N, "
6-Port valve on chromatograph | v
MS column on sample loop of chromatograph \
6-Port valve 9 ' . ¢ .
Téeplér pump § L
‘Toepler pllll'.lp N % L

-Gas burette

Automatic toepler pump valve

Oil diffusion pump

Rotary pump

Rotary pump .

Main trap - " N

® Varian valve, polyimide seal
® Stopeock -

Metal valve

. %
Figure 6. Schematic of redesigned vacuum line.
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1. Varian polyimide' vnl\;a were used in all bam ;>f the vacuum line in which‘ the
1-methyl-2-phenyldiazene was in contact. This prevented- dissolution of the
diazene in stopcock grease. C :

2. . The helium sweep lines were removed beemnse it was found that the condensed
fraction wag incompletely swept to the collectlon trap. Because of this, all
results of chromatographic analyses ol' the condensed fraction for lhe packed
reaction vessel had to be discarded. Also, there ‘was apparently some leaka;e of

helium th#bugh the valves which affected the analysis of nihqgen and methane.

2 . : s .
When the sweep lines were, discarded, ports 3 and 4 on the gas\valve’ol the gas-
chromatograph, figure 4, were plugged. Injector B of the gas chromatograph .
was then plumbed directly to the first helium supp!y.

37 A storage section was added to the line fdf additives.

) ‘f‘/ L)
/
.
‘
T
v
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3. Procedure

The procedure for the two reaction’ vessels was different because the vacuum

line was modified after the packed vessel was removed. Also, when propene was
e

used as an additive, the procedure was again different. Therefore the procedure for

each reaction vessel, and with propene as an additive, will be outlined.
a. Packed Reaction Vessel -

. «, During a run, the following seqi®nce of operations were performed. l"“inl, the
appropriate parts of the vacuum li’ne, illustrnte‘d in figure 2, were pumped down to
less than 2'x 10® Torr. The 1-r;|ezhyl-2-phenyldinzene was  then 'degéssed' twice,
using liquid\ nitrogen. It was next wirmed to Bb'C by m;znns of hot water, and then
introduced into the }enction véséel through the manifold. The pressure was moni-
tored durmg the conne of the reaction using the pressure gauge attached w the reac-
tion yml

In order to stop the'reaction the contents of the reaction Vessel were \;enu;d toa
l’~tmp which was immetsed in liquid nitrogen. The fraction of !)mducts which
passed through the U-trap was collected by means of an sutomatic toepler pump,
until no gas remained in the transfer line as measured with an in-line McLeod gauge.
Fhe quantity of gas was measured in = calibrated gas burette, and then, with thc nd
of the second toepler pump and gas sampling valve, injected into the gas chromato- /
graph.

The condensed fractions was warmed ;nd swept, by means of helium flowing nV\
30 ml. per minute for thirty minutes, to a collection trap which was immersed in
liquid nitrogen. It was "then rapidly v'vu.rm'ed to 50°C and swept into the gas

* Degassing is the procedure which involves warming a material to ambjent temperature while the

section of vacuum line containing the material is closed to vacuum. Then the materia) is condensed
in liquid nitrogen and the section of vacuum line is again evacuated.

—_—
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chromatograph.

b. Unpacked Reaction Vessel b

The procedure for the experiments in which the unpacked reaction vessel was
used differed from the one just. described in the following ways. First, the procedure
of sweeping the condensed fraction was abandoned and it w‘as sifnply distilled from
the U-trap to the benzene O-ring trap. Thévr?p ‘was then removed and 7 ul of the
coidensed fraction were injected into the gas chromatograph. Also, the pressure was
not monitored during runs with the unpacked vessel because the pressure gauge ‘was

not_directly connected to l}le reaction vessel. % .

c. Unpacked Reaction Vessel and Propene

The next series of experiments, for which mixtures of propene and 1-methyl-2-
phenyldiazene were prepared, were also carried out in the unpacked vessel.

Before use, the propene, as well as the 1-methyl-2-phenyldiazene, were degassed
twice in liquid nitrogen. A mixture was then prepared by introducing a measured
pressure of diazene into the 5 liter storage vessel; propene was added quickly and the
total pressure measured. The mixture was allowed to mix for about twelve hours, A
series of rund was. then carried out using the s':ored mixture. Only the fraction

which passed through the liquid nitrogen trap was analysed in this set of exp

menfs. | 2 .
After completion of the main part of this study a number of runs were carried

out for which the mixing time was as short as possible, about 30 minutes.

»
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I Results
+ 4
1. Definition of Rate Constant
To determine the initial rate of the reaction the conversion of reactant, as mess-
ured by production of N2, was kept to three per cent or less. ! e
To determine the amounts of N, and CH,, the non-condensable fraction, the
number of moles of total gas-was first measured in a gas burette. The gas was then -
” transferred to a gas chromatograph where N, and CH, were separated on a 5A )
sidloculis slavasebiin. Tiegs chromatographit response for each gas was mes-
-ured. Therefore the ratio of N, to CH, could be calculated. This ratio times the

= total number of moles of gas gave the.amounts of N, and CH, in moles.

The rate of production of a product was defined as

& 3 B rate = product’ -
v

xt
“ where (product) was the number of moles of a product found at the end of reaction
1. ,  time t, in seconds, in a reaction vessel of volume V, in liters.
’ The apparent fifst,order rate constant was defined as

_ rate

~ MPDA],

where rate was the rate of N, pmduc‘tion expressed in mol I ¢! and [MPDAJ; was
the initial concentration of 1-methyl-2-phenyldiazene in moles per litre. The order

for the rate of Tormation of a product was defined as the slope of the plot of Inrate]

- * versus In[MPDAJ;. -
' X
-« 2. Unpacked Vessel w .
” . R
a. Products . <

\ . N
Two fractions of products were collected, that which passed through s liquid .

. nitrogen trap and that which condensed.
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The non-condensable fraction' was analysed for nitrogen and methane by the
procedure described above. )

The condensed fraction® was di“ed from the warmed U-trap to an O-ring trap
immersed in liquid nitrogen, also as described above. There was no apparent residue
in the _U-lmp‘ after distillation. The O-lring trap was'then wdrmed, the seal broken
and 7 pil of the liquid was injected onto the gas chrématograph.

Semi—qnant}talive analysis of the products of the :onde:nsed fraction was
attempted by injection of a constant volume of the condenscd fraction onto the gas

ph. By ing that the d fraction was 100 percent I- .

. muwhyl -2-phenyldiazene, the Loul volume: of the fraction could be cnlculated from
the number of rslqlu of renctant introduced and its density (See Appendix C which

contains a summary of all analytical I’BIIJ'.S:).

ldentiﬁcntion\ol‘ the products in the condensed fraction was accomplished by

retention time of known d npd by.gas ch h y

> (see Appcndnx B)
_Table 1 hsls the products and the mole perce.nt for a sample run. Amlysls of

the condensed fraction was, in some cases, not sufficiently reliable to be used for

kinetic study., In fact no kinetic treatment of the condensed: fraction is reported in

thesis.
b. Yield versus Time Plots

Yicld versus time plots were. made of nitrogen and methane at two tempera-

e tures, 550.0 K and 520.4 K. Both series of experiments had an initial 1-methyl-2-
7 .t Attempts to detect ethane by mass specirometry, at the beginning of this study, were not success-

\ ful. However, in a run carried out after completion of the study, the mass spectrum was consistent
with the presence of about one mole percent'ethane in the non-condensable fraction.

. Ol certain runs.
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_ Table 1. Products and mole percent for a sample run at 550.0 K.

Products Mole %

Nitrogen 50.5

Methane ) 104

Diazenes' C 104

Aniline 70

° N-Methylaniline : 5.8
Toluene 02 -

1-0nly one peak appeared on :lhe packed column, but 1-phenyl-2-ethyldiazene and

1-b 12 hyldi

- y y are sep d on the DB-1 capillary column (see Appen-
dix B). :




! rate constant for the runs with propene is the same as those without ene.
— propen thout piggen

.

- 3%

phenyldi. ion of ] 1.5 x 10 mol I, and, as can be seen

m figures 7 and 8 respectively, the yield of products increases linearly with time.
Linear regression analysis® was performed on both sets of data, and Tables 2 and 3 *
shiow that methane curves have small negative intercepts while the nitrogen curves

, also have small intercepts, one positive and the other negative. i P

c. Order Plots
& ~

Order plots, as defined sbove, were made for nitrogen and methane at two
different temperatures, 559.0 K and 520.4 K. The experiments at 559.0 K were car-
ried out for one thousand seconds tb 2.5 percent reaction while those at 520.4 K were
carried out for two thousand seconds to 0.50-percent reaction. The order plots are s
shown in figures 9 and 10. Regiession analysis was also perfoj o these sets of
data, Tables 4 and %5, to give the apparent kiretic order for m methane at ~
550.0K and 5204 K.. . : g/ :

oF
d. Addition of Propene

a
In order 19 study the effect upon the reaction oflth; addition of a radical

scavenger (6) propene. was added to the reactant at 559)‘40 Ki Two sets of expéri~

mcnls_gﬂre carried out with 1.17 percent and 11.0 percent l-methyl-%phenxldigzene .

Jn propenc.  All experiments e catad Gl 1ok one thousand seconds, and the

_ mixtures were equilibrated for about 12 hours.

As can be seen from Table 8, within experimental error, the average first order

.. Order plots for nitrogen and methane are shown in figure 113\ Regression

analysis of both sets of data produce the orders shown in Table 6. Wi L

* Regression analysis was carried out as described by Wentworth (30,31). The equu.am were wmm.
into a Basic program and run on a HP 85A computer.

- T -~
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Table 2. Yield versus time data and calculated slopes and intercepts for nitrogen

and methane at 559.0 K in unpacked vessel.

. - Yield versus Times ) o
Time

3 =, N, 3 CH,
X105 moles x 100~ " moles X 10°
< 600 B s 1.953 06325 .
¥ 70 2.253 \ R )V RN
8.00 2 3.542 0.9071
" 8.00 3.410 1.002 .
\ 8.00 S 2.500 . 1002 -
. - 8.00 2.744 1.052 J
. 9.00 3701 ’ 1.268
¥ 9.00 ’ - 3.248 1.198 8
t 1000 . 3.338 1422 '(
10.00 © 3.550 . ‘1.328 -, - °
11100 3.027 Lo . 1539
12.00 o 3.463 1.384
12,00 3615 1.279
12:00 3.878 1485
12.00 4.100 , 1515 | .
* 12.00 . 14850 1.609 o
. ¥ 1300 - 4.246 - 1.842
13.00 4.498 1.848

* [1-Methyl-2-Phenyldiazene]; (1.50 +0.02) x 10 mol I'Y, Temperagire 550.0 K
Intercept (nitrogen) (5.5 % 4.6) x 107 . ‘
Intercept (methane) (-1.1+ 1.4)x 107

1 All errors are standard deviations.
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Table 3 Yicld versus time data and calculated slopes and intercepts for nitrogen

and methane at 520.4 K in unpacked vessel.

- . Yield versus Time*

Time N, CH,
X103 5 molesx 105 . moles x 107
" 1,000 . e O30 0.7830
2.000 0.6100 1.224
3000 * 0.9146 ' 1.196
1,000 4 0.9852 1.646
4000 1.253 ¢ 2592
¢ 6.000 1.930 : ' 4113 %
8.000 2.625 o . 5.297
10.400 e - 1 7190

12.000 “ - 359 . 8.009

+ [1-Mcthyk-2-Phenyldiazene]; (1.56.% 0.01) x 10" mol I!
' : ‘ Temperature 520.4 K
Intercept (nitrogen) (-3.1+ 7.7)x 1078
Inlcrccp’l (methane) (-4.1+ 2.7)x 1078

AN ) C e
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Figuré 9. Order plot for nitrogen and methane at 559.0 K
= .. inunpacked reaction vessel.
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‘Table 4. Data for the ordeF plots of nitrogen and methane and calculated slupu
at 559.0K in \mpm:ked vessel. N
* Order Plots+ b=
In[MPDA], ! In[Rate(N,)] In[Rate(CH,)| -
-0.07 -19.85 2084
875 -19.56 -20.18
888 7 -19.60 -20.20
-0.01 -19.68 2046
-8.64 -19.23 2030
-8.46 -19.32 2027
-8.30 -19.02 -1097
-861 -19.43 -2047
874 -19.30 ( 2033
-8.89 -10.54 2052
-0.05 -19.68 -2073
923 -19.85 -20.87
0.39 , 2023 -21.32
.55 -20.22 2122
-1006 -20.60 -21.95
788 -18.43 -1033
820 -18.70 -1098
750 -18.13° -10.00
743, N -17.79 -1888
-1.00 -17.48 -1863
-6.86 -17.33 -18.48

»

-

1-Methyl-2-phenyldiazene = MPDA
Slope (Nitrogen) 1.00 & 0.03

“Slope (Methane) 1.08 & 0.04

“Time(s) 1000, Temperature 559.0K
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Data for the order plots of nitrogen and methané and calculated slopes

Table 5
WZOA K in unpacked vessel.

’ Order Plots#

In[MPDA], * In[Rate(N,)] o In[Rate(CH,)|
-0.60 2261 & 2405
-0.27 . -22.24 -24.47
£90 ’ 2175 2414
-8.50 2136 -23.68
831 " -21.20 ) 2374
-8.07 . o -2L1L 2353
791, -20.99 Tia -23.14
728 -20.26 ' 21
175 -20.57 : -23.06
877 -21.92 ) 2402

|
= R

* Time(s) 2000, Temperature 520.4 K

t I-Methyl-2-phenyldiazene = MPDA
Slope (Nitrogen) 0.99 + 0.06
Slope (Mcthane) 0.92 + 0.06
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Figure 11. Order plot for nit;roger'i and methane at 559.0 K
in unpacked reaction vessel with propene added.
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Table 6. Data for the order plots of nitrogen and methane and the calculated

slopes at 559.0 K with propene added in unpacked vessel.
!

In[MPDA); t In[Rate(N,)] r; In[Rate(CH,)] k(s x 109)N,)
-10.56' 2115 -22.89 2.528
-1071tt -21.98 N -23.08 2.603
-108't -21.44 23.18 . 2,679
-11.05tt #2155 , -23.45 2.750 .
-84 o -19.00 i -20.67 2.235
Tess 1997 120.75 2.211
Y -19.40 -20.99 2.258
-8.84 -10.55 -21.12 2.256
-9.00 -19.79 -21.28 : 2.278
-9.43 -20.14 -21.57 2.248
-9.03 t-20.63 -21.80 2.268
-10.80 -21.55 Tz 2.364

Time1000s, Temperature 550.0 K
t 1-Methyl-2-phenyldiazene = MPDA
tt Propcng; Dinzene ratio was 85.2 to 1 for these runs, all others werein a 9 to 1
ratio. \ . .
Slope (Nitrogen) 0.94 & 0.01
Slope (Methane) 0.98 + 0.06
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It should be noted that the average values of the rate constant for each ratio of

propene to 1-methyl-2-phenyldiazene ;re:’diﬂ‘uent. This is also reflected in the order

plots for both nitrogen and methane. There does not appear to be a sutislécnl o

significance to this, however, as the value of the rate constant “k” of the uninhibited
runs, within its confidence interval, brackets these two values.
Further study of this effect was made by preparing five additional mixtures of
1-methyl-2-phenyldiazene. These mixtures were equmbm!ed for about 30 minytes
and then pyrolysed, in contrast with the first\two mixtures which were qunhbmled
for twelve hours before pyrolysis. Also, only the first run for each mixture is illus-
,‘tmted in figure 12. “There is an obvious inhibition of the rate of nitrogen formation

when the initial mixture is used:

In

pting to und d this discrepancy in rate constants between the sets
of experiments, mixtures of propene and l-metl\yI-2-phen)"ldin7,unn were equilibrated
for up to forty-eight hours in the 5 L vessel. These mixtures were then condensed
through the reaction vessel at ambient temperature w.sec il any reaction kgok place
in the mixing vessel. But no appreciable yield of nitrogen or of methane could be
detected after that length of time. ~ "
One possible explanation could be the formation of the eis isomer of I-methyl-
2-phényldia?ene in the mixing vessel. If the cis isomer decomposes rapidly to pro-
) duce sufficient nitrogen to balance the inhibiting effect of prt;pene on the trans iso-
me}, there would be no measurable effect of adding propene.\

. It should also be noted that the penultimate propene run! at 550.0 K of the
second mixture was carried out to 99.7 percent reaction. With one exception, runs
(without propene) after this !\a‘d large rate constants for nitrogen formation. In some
runs they were two to four times that of previous runs at the same temperatures.

t 11.0% I-methyl-2-phenyldiazene

v
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Figure 12,

4 6. 8 10 2 14

, [Prqpene]/[ Diazer;e ] .

Plot of the rate constant for nitrogen formation
versus initial ratio of 1-methyl-2-phenyldiazene
to properié at 559.0 K in .unpacked reaction

vessel.




Also, while the absolute amount of pitroger was high, the yield of methane was

below that of previous rans under identical conditions. This problem persisted for
. several months, until the reaction vessel was finally réplaced by a new, unysed,

vessel. A possible explanation for this tfeha‘viour is found in the discussion section.

A comparison of some normal and erratic runs is given in Table 7.

2 %
e. Rate Constant versus Temperature and Arrhenius Parameters

To obtain the bést possible values for the Arrhenius parameters-each value of
the rate constant, k, and- the temperature, T, wi 4 to k = A eP/RT by non-/
linear regression analysis.

Figure 13 shows the data fitted to the exponential curve while figure 14&hows
the more common plo‘,t of In k versus 1/T, using the average values of In k for cnch‘
temperature: Table 8 is a listing of the data for the exponential fit apd the calei-

lated Arrhenius parameters. To

3. Packed Vessel
§

As with the unpacked vessel two fractions of products were collected. Those
products which passed through a liquid nitrogen trap and those whicl\\condeusud:
The non-condensable fraction, nitrogen and methane, were anblysed as described for
the unpacked vessel. ’

For the condensed frnc';ion, using the proccduré of analysis as outlined in the
experimc;nal section, it was found n‘ncr thirty runs that a quantity of material had
remained in the copper tubing. "This indicated that some of the material had m,\{
been swept onto the gas chromatograph and, because it was not k}!own how much of
the products had been absorbed in the retained material, the method of nnww

abandoned.

As with t}'m unpacked vessel an Arrhenius plot wag made of the data using an
[ -
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Table 7. Example of Normal and Brratic Runs at 520.4 K without Propene.
°
Run No. K x 108 (s)(N,) k x 107 (s°)(CH,) #
121 2.24 362
122 A 2.34 . 384 .
123 290 14,09 .
124 289 414
126 2.33 3.64
174% 3.20 2.42
175+ 336 2.42/
1774 . 3.05 ;B0 .
178+ Tau 170
¢
17944 . 769 o 1.84
180+t 6.56 RN 1.53 =
& : 5
.8
+ After the complete (99.7%) reaction with propene. A
1 Packed vessel. All others, unpacked vessel.
. »
v N
-
.
, ~
. » .
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Table 8. Data for the exponential fit of the rate of nitrogen formation versus

with.the calculated activation energy and pre-cxponential

factor in unpacked reaction vessel.

Temp(K) k(s x 10°) Temp(K) k(s x 10%) Temp(K)  kis™ x 10%)
5500 2136 -550.0 2.872 520.4 0.2025 .
550.0 2053 559.0 2.401 520.4 0.1945

°559.0 2.250 559.0 2.101 520.4 2011
550.0 2.381 . 5590 1.0 519.4 0.)o?
5500 . 2528 550.0 2.201 519.4 07
550.0 1043 550.0 1.944 510.4 0.08786
550.0 2.233 5590 2180 530.4 0.6107
550.0 2.027 § 550.0 2.206 530.4 "0.4805
550.0 2613 ° 550.0 2714 530.4  0.6280
559.0 2,401 ‘5500 , 2208 ° 530.4 0.5004
550.0 2.430 " 550.0 2.308 540.2 1120
550.0 . 2459 520.4 0.2230 540.2 1271
550.0 1981 . 5204 0.2343 540.2 - 1.074
550.0 - 2.327 5204 02001 . 5492 1.088
550.0 2425 520.4 0.2880 540.2 1161 -
550.0 2620 5204 0.2333 540.2 1.138
550.0 2752 520.4 0.2108 508.8 4750
- 559.0 2.435 520.4 0.2111 . 5688 4.801
550.0 2102 520.4 0.2313 568.8 4.388
550.0 2750 520.4 _0.2728 550.0 2.627
” 550.0 2160 7 5204 0.1064 550.0 2.783
559.0 2.054 520.4 0.1057 550.0 2828
. 5500 2732 5204 - 0.1053
8’ . 5590 2.205 520.4 0.1582
) 550.0 2337 ' 5204 02084
559.0. 2,360 © 5204 0.2005

A=422x10"+ 168x 10"
H:;—wsuoﬁi 1.83 x 10° J mol™
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Figure 13. Plot, of the rate constant for nitrogen formation
versus temperature in unpacked reaction vessel.
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Ln( RATE CONSTANT)

1.80 1.85 1.90
10* /(T/K)

Figure 14.  Arrhenius plot for nitrogen in unpacked renjc;

\

tion vessel:
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exponential curve and the more common In k' versus 1/T straight line fit.” As before,
non-linear regression analysis was used for each value of the rate constant k and the
temperature T to give the best possible Arrhienius parameters:

Figure 15 shows the data fitted m.the exponential curve g.l;d Table 9 contains
the listing of the data with the calculated Arrhenius' parameters. Figure 16 is the
plot of In k versus 1/T for the nvera}e values of In k for each temperature.

Definite conclisions from the packed vessel experiments are difficult to reach,

because there was a number of mitigating factors. First, the vessel itself had previ-

ously been used for surface/volume effects with azobenzene and the surface may :

have been' mdillfied. Second, the 1- methyl 2phenyldmzene used for these expen-
ments contained 043% anllme as the gu chromatographlc procedure had not yet
been developed for purification. Finally, the /nt,on sealed valves in ‘the ongmal
vacuum, line may have leaked helium into the gas burette during collection giving
higher than expected gas volumes. )

For purposes of comparison Table 10 lists the average rate constants for each
temperature in both vessels. Except:for 559.0 K the table shows that the rate con-
stant for nitrogen formation is ]argér for the packed versus the unpacked reaction
vessel. But the setagl exl;crimenls at 559.0 K were the first completed and they
agree with those in the'unpacked vessel. Based on t:he accelerated rate constants for
nitrogen formation that were obtained when the packed vessel was used after the
propene experiments it would appear that it alsu‘hnd a surface éoating which would

make the results suspect.

After due ideration, not with ding the ‘above, for the purpose

of discussion it was assumed that, as pyrolysis reactions of azomethane and azoben-

Z\‘uc are claimed to, be homogencous (4,5), reactions affecting the rate of nitrogen for-
mation are essentially homogeneous. Also, under certain (obscure) circumstances the

surface affects the rate of nitrogen formation.
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RATE CONSTANT (s™ x10%)

520 . 540 560
T/K

Figure 15.  Ploy of the rate constant for nitrogen fdrmation *

versus temperature in packed reaction vessel.
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Ln ( RATE CONSTANT)

1.80 1.85 1.90
103/(T/K)

“Figure 16.  Arrhenius plot for nitrogen in packed reaction

vessel.



Table 9.

Data for the exponential fit of the rate of nitrogen formation versua

energy and p
i factor in packed reaction vessel. : !
Temp(K) k(s x 10%) * Temp(K) k(s x 10%)
5500 2026 5304 0.6334
ik 550.0% 2.136 520.4 0:2412
™ 5500 2.234 520.4 0.2385,
550.0 2.426 520.4 03412
559.0 2545 520.4 0.2153
559.0 © 3101 520.4 \ 0.3280
559.0 2.323 520.4 0.2050
568.8 5.519 '520.4 0.2882
568.8 5163 520.4 0.2504
568.8 5.811 520.4 0.2520
" 5688 5.104 520.4 0.3500
568.8 8.704 520.4 0.4162
568.8 4.035 520.4 0.4851
5688 5,147 520.4 0.3035
568.8 5.088 520.4 0.2741°
5245 0.1626 520.4 0.3135
540.2 1428 520.4 0.3506
549.2 1.306 520.4 0.4030
549.2 1.628 520.4 0.3000
539.4 0.6860 - 5204 0.4360
539.4 0.6478 520.4 0.3330

A =012 x]0'"" £ 361x 10" 57

Ea =177

10° 4 1.84 x 10° J mol™!
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Table 10. Mean rate constants for “nitrogen formation in the packed and

unpacked reaction vessels.

Temp(K)  No. of Runs. Unpacked No. of Runs Packed
k(s x 10%) k(s x 109
510.4 3 0.0038 + 0.0077 C
5245 . 1 <0626
520.4 18 0.2204 4 0.0335 20 0.3224  0.0700
530.4 3 05Q)3  Gotel 3 0.6557  0.0222
. P '
540.2 .6 1143 £0084  *3 1.484 . 0.103
550.0 10 2.380 +0.275 7 2310 +0320
568.8 3 4679 %0213 8 . 5431 £0547
: .
-
A} 3
\




This discussion is intended to account for the following observations:

(1
(2]

‘The order for nitrogen formation is 1.04 3 0.04.

The activation energy, Ea, is less than that of azomethane or azobenzene.

(3]

The pre-exponential factor, A, is two to three orders of magnitude less than
that expected of a simple fission reaction. =N

(4) The rate of nit’mgen formation is.decreased by the addition of propene.

(5) -A variety of products is formed during pyrolysis.

1. Interpretation of Data S
There are, possibly, three interpretations of the data for the p)u'olysu of 1
methyl-2-phenyldiazene:
_(1) Rate controlling elementary fission.
2) Rate gontroll.ing isomerization rolldv’ed by pyrolysis.

(3) . Chain-reaction.

2. Rate Controlling Elementary Fission —_—

D position of I-methyl-2-phe i , with no ibution ffom a chain

reaction, could take place through reactions such as:
©N =N-CHy — (O)-N = N-+CH, '

N-CHy - (Q)'+N = N-CHy

‘or(Q)-N = N- CHy - @ +Not ity ¢

3 ¢
There are two major arguments agaipdl using these as rate determining steps.

P

[ 5
First, propene should have no effect on the rate of nitrogen formation, in contradic-
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tion with the observations. Second, the 1-methyl-2-phenyldiazene would be expected
to pass through a “loose” transition state. Such a loose transition state leads to a
high pr..»'e;(pouenml factor, normally of 10% - 10'7 5! (36), which is much higher
than the experimental value. Of course these arguments do not exclude a contribu-
tibn of sugh reactions.

3. Rate Controlling Ison;erlutlon 2 =4
The sccond possibility is envisaged as trans to cis isomerization of{_l-methyl-z-
phenyldiazene, which would be rate controlling, followed by pyrolysis., This possibil-
. ity was seriously considered when the first results using propene, which indigated the
absence of inhibition, wt;re obtained. Low values of the pleexponénti&dcwr and
the nbscl.!ce of inhibition are expected of isomerization. To nzinfm-cv7 this view, it is

known that cis-diazenes are reactive (3). In addition a new study of 2,2~

di(isopropyl)-di has been p in which a low value of the pre-exponential
factor was claimed (16). Hogever, the subsequent results using propene eliminated 1

isomerization as the exclusive mechanism.

4. Chain Reaction
a. Simple Mechnnlsm
The effect, of propene seems best ifterpreted as due to some conlnb\mon of a
chain mechanism. In addition, the fact that the pre-exponential factor is so low, and
"\\ that, the activation energy is below that {the assumed elementary fission reactions 5
of both azomethane and azobenzene, support this #iew. Therefore, most of the sub- '
sequent discussion is concerned with a ¢hain mechanism.

is first p d in its sim-

¢
To facilitate this discussion the proposed

ded

pliest terms and then upon to date further d
~

Shown below is a simple mechanism designed to explain certain observations ”

which have been made. The diazene is considered to be symmetrical in this initial




part of the discussion, i the interests of clarity.

Y
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] P — 2R + N

/
!

12l Rl-+D.-P+y
BI™ Ry — Np + Ry + X
4 Ry +D — Ry

8l Ry + Ry — Rj-R,

6] Ry + D — P, + Ry
[l Pi— Re + Ry

18] Ry + l) — Ay + Ry

(0] Ry + D — Ag + Ry

The symbols in the above equations have the following meaning:

~

D diazenew
Ry hydrocarbon radical

P hydrocarbon product

. P, ahydrazine

Ry diazene radical, Ry -N=N-R,’

Ry hydrazine radical, R, - N - N - R,
R.

1

Ry, Rs amine radicals, R; - N, l}l -R,

! 5 R B

Ay Ag smines, Ry - N~ R, H-N-R
H H

R, - R; a ney dinzenc -

X: diradicals

.
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Reactions (1] and [2] are standard reactions which have often been invoked
(47,45) to explaig the formatigp of the major products, nitrogen and hydrocarbons.
The question of whether reaction {1] is a one or two step process was the original
incentive for this study, and will be considered later. ‘

One observation, already mentioned, is that propene inhibits the rate of nitro-
gen formation, at least when pyrolysis immediately follows mixing of 1-methyl-2-
phenyldiazene and propene. As propene has been shown to interfere with radical
chain reactions (5,8), such behavior would imply that there is 4 sol:rce of nitrogen in

. addition to reaction [1]. Reaction (3] or one similar to it has been used (5) to
reptesent this secom; source of nitrogen. Reaction [3] ;vould also be the source of the
chain, propagating radical, Ry:, and thus Qhe rate of nitrogen- formation would be
decreased if Ry reacted with propene. . :

Reaction [5], & termination reaction in which two different radicals combine,/was
used instead of the conventional re@tien, [10]. | -

, (1] Ry + Ry = R, - R

‘The reason for doing this is give: in the following paragraphs.

Rechll that nitrogen formation is first order, or nedrly so, with respect ‘to the
initial concentration of 1-methyl-2-phenyldiazene. Therefore, the sl.endy state
approximation for the rate of nitrogen formation also should give a rate equation
whicli is first order with respect to the‘inzenc.

Congsidering the mechanism in its simplest terms 'by omitting amine rormation;
By

and using reaction [10] as the termination reaction, the sequence would be

1l D — 2Ry +N;
] Ry +D =P+ Ry .

o
B Ry = Ny + Ry £ X N
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[10] Ry + Ry = R - R} Lg

D, Ry, Ry and P were defined above and R, - R, is a hydrocarbon product.

By using the stationary state method one obtains the following rate equations

for the chain contribution to the rate of nitrogen formation, depending on the order

of reactions [1] and [10].

Reaction Order ' Rate’Equation for N, Formation
Due to,the Reaction Chain
| u
1] 1 N | lk_;l D2 .
[10] 2 dt k1o ]
u
1] 1 diNo| k_.l oy
10} 3 rn W
f n
i <2 aNgl .
J{10] 2 da y y
1 2- AN
[10] 3 @

<
As shown above, the orders of reaction [1] and [10] would have to be one and

three respectively to give a first order rate of nitrogen formation with respect to the .
diazene.

But MacPherson (33) !ﬂs sﬁown that the rate constant for methyl radicql
recombination i,n the pressure and temperature range of this study is in its fall off

}o&ion and therefore should be between second and third order and would also show

strong pressdre dependence.

In the case of 1-methyl-2-phenyldiazene the other possible termination reactions :

v

are a
[14  CHy +,-Cgly —
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[15)  -CeHs + -CgHs — CpHy.
Both would be second order.. -
If the data assembled by Holbrook (34) are used for guidance, the rate of
decomposition of a molecule of the complexity of 1-methyl-2-phenyldiazene should be
first ‘order in the pressure range of this study. Therefore this implies that the combi-
nation of the initially formed radicals, “CH, and -CgH;, should not be the termina-

tion step of this mechanism.

b. Simple Mechanism with Ry, Ry Termination

i .
If however the termination reaction was:
‘6] Ry + Ry — Ry - Ry,

instead of reaction [10), where R,- and R,: represent a hydrocarbon and a diazene
radical respectively a first order chain mechanism is obtained.r ’

The stationary state treatment is greatly simplified if the long/ol/aiil approxima-
tion is made at the beginning, and the termination reaction is omitted from the rate
cquation for Ry.- Then, using Muleahy's procedure (32), the rate equations are writ-

ten in the following way.
”

(1) The rate of initiation is ¢qual to the rate of‘terminntion; -
.
[1]  2k,(D] = kglRy][Ry], and

"(2) the differential equation for [Ry] becomes,

dRy) |

; § o
ai = kalRiD] - kfRy] + ke[Rg|[D] + kg[Ry[D] + kg[Rs][D]
\

12l

t An exnmple is descﬂbed by K.J. L:ldlu in Chemical Kinetics. 3rd ed. Harper and Row, New
York, 1987, p. ) . & )
& |-

] g

3
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2k, Bkk, |*
m R = [m o D]
- and substitution of [11] into [3], and rearranging gives finally
- . '
d[Ny] 2kgkoky  Bkikgk, )®
n g = k4 [—k5 e ] D).
.

E‘quntion {12] is consistent with what was found experimentally in the sense that
the rate of nitrogen formation is first order with respect to the initial concentration
of |-methyl-2-phenyldiazene. Therefore, the termination reaction apparently

invo!ves the recombination of initially formed radical and the diazene radical. .

c. Complete Mechanism

The simple mechanisms were based on a symmetrical diazene and were used to
show that certain features of the renéﬁgn could, be explained. For a more complete

the following hanism is proposed for the pyrolysis of the asymn'l‘etric:i]

I-racthyl-2-phenyldiazene.

116 ©—N=N-CH; —~ Ny + CHy + CyH;

117) -cu,+@-i\1 =.N-cn3 ~ CHy + CHy- N = N<o)

18] v(;lla+©—N=N—CII;. = C’H.‘+ CHa—.N= N~Q)

(19] .@‘+@—N=N—CH$ -+ »cn,q:::N—@
‘ 20 -(©) +(©)-N=N-CHy — @;C}XG-N=N;©"
—© -~ N, + :cHy + - Q)

[21] Cl,-N=




\.m- -

(3) The other rate equations would be:

B B )+ R
_ W B R - kRl .
e L~ R - ke - K
) o R = el - kRO
o A ey - kv

Using the Steady State Approximation for [4], 5], [6] and (7] one obtnms 2
ky[R,|[D] = kb[Ra][D]
and
kglRg}[D] = kq[P)] = kylRy|[D] = kq[Rs|[D]
Substitution of kyR,][D] into [2] one obtains:

d[R,
B M _ o = kD] - Kl + Sk RIDL

Then searrangement of [1] into 19)

2k,D]
PAD

B R =

by substitution B [0} into [8], mn multiplying through m\,] gives [101

2k k,

o gz g o X ‘lDl’ =

Solving [10] for [Ry], gives [11].



[22] CHy- N_N—@ = N,

[23] ‘CHy + CHy-N= N—-@ '

N
[24] CH, +CH,y -N = N~O)

k5] -(S) + CH-N=N~O)

B8] @) + CH-N=N~O) —

[27] CHy + CH,-N=N—O) — CH- CH,-N =N—O)

'53.’ SR R e
+ ‘CHy + @ :
— CHy-N- N—@\

~ CHy-N- N—@

-N

CHy- N
CHy- N-N

©

-N

®

18] CH; + CHy-N=N~Q) - CH-N=N-©CH, -

. A}
9] -(Q) + CH,-N=NAQ) -
Bol (@) + CH;—N=N—©»-

.y
[31] CH- N-N~O)+ CH, -
Gy
[32] CHy- N - N~@)+ -CH, -
CHJ
33 CH;- N-N—@) + CH, -
. ch,
& 12
(34] CHy-N-N~@ + CH,-

&)-c, -N = v<D)
- CH,fN=N

CH, H .
, I
N =N~O)~ CH-N - N{Q) + CH, -N =-N~O)
T
N =N~© ~ CHy-N - N~® + CHf; - N= N~Q)-
N ‘H
LA
N =N~«Q)~ CH,-N~ N~Q) +Clf, - N= N~0)
H (ills
N='N-@—oCH,-l!l—N-@+CH;-N=N—©-



H .

i @ -, \
[35] CHy—N-N + CHy-N =N~<©) - CH;-N - N~ + CH;-N=N-Q

N C L M

s : |
36] Cily~ N-N~@) + CHy-N =N«Q)~ CH;-N-N-® + CH,-N=N-O=

0"

PN

-©

i s 3
[7) Cily- N-N~4@ + CH; -N =N~G)' ~, CH;-N - N<®) + CH, - N2 N~®)
L

-©

5 H g .
& . 1\ 55
[38] CH;-N-N~<@ + CH;-N =N-D - CH;-N- N*® % GH, - N = N<®)-
lil CHy lil (l:HB' v
8] CH;-N-N—=©® — CH;-N:+ N
) i g

W .
i‘ 3
[0] CHy-N-N—~@ — CH;-N + N~

[1] . CHy-N-N—® = — CH;-N + N<@)

ES :

H .
| .
[42] - CH-N-N—® — CH;-N + N g

u .
| |
[ Cly-N + CH-N = N=Q — CH-N-H + CH,-N=N-©

. H -
|
[#4] Cll-N- + CH;-N =N—® — CHy-N-H + CH;- N=N—@" .

CHJ -

CH. . .
|2 | ;
{45} ©-N- + CHy-N=N-@ — ©-N-H + CH,-N = N~




H % 8- ca ) N
fis |2 .

[46) ©-N- + OH; -N=N-@® — @-N-H + CH; -N= N-Q-

Cl-l3 . o CH3
47  CHy- N- + CHy-N'=N<©) - CH;-N-H + -CHy,- N=N—Q
A / 3
CH. \ .CH

1’ . | .
(48] CHy-N- + CH;-N=N=8 - CH,-N-H + CH;- N =N—~Q)*

H R
| | :
) @-N +CH-N=N-® - @-N-H + CH-N=N-O ,

&

i H : i
| |
5] ©@-N- + CH;-N=N~© . » @—N-H + CHy-N= N-®*

@

b @-N 4 CHy-N=N-® - @-(I?-H + CH,-N1)= N

5 ©@-N 4+ CHy-N=N-Q - @—(:P»H + CHy -N= N-©®*

" There are two important features in the above mechanism which distinguish it
from the simple ones. Oneis the fact that, because the diazene is not symmetrical,
there are four abstraction and four termination reactions for en‘ch one in the simple
mechanism. The other is the increase in number of ch;a reactions which could be
referred to as the “amine” chain. These are reactions [31] to [52]. Such reactions
concern the fate of the hydrazine radicals, (reactions [23] to [28]), which are formed
when -CH; or -@ adds across the nitrogen double bond. With subsequent
hydrogen abstraction from l-methyl-2-phenyldiazene; (reactions [31] to [38]), they
lead to four possible hydrazines.

During this study, in contrast with previous ones (5,7,45), no hydrazines were

a
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d in terms of the

found among the products of d ition, This can be
nature of the possible hydrazines formed. All would be substituted phenylhydrazines
and the rate constant for decomposition of phenyfhydrazine itgell in toluene is 1.5 x
105! at 550 K (42) which is ten times the rate constant for decomposition of 1-
methyl-2-phenyldiazene at that temperature. Therefore reactions [30] to [42] were
included to sho\w decomposition of the various hydrazines which w;mld be formed.
Hydrogen abslr‘ ction, by these radicals from I1-methyl-2-phenyldiazene will give a

series of amines, hs well as two kinds of diazene radicals, in reactions [43] to [52].

The presence, of amines, as well- as the absence of hydrazines, was indeed
observed. However,
were detected. Of course, the nthersamay have been upresolved or ﬁ;]detected on the
OV-17 or DB-1 columns. Exchding that poss@ity it seemns that two interpretations
are apparent. First, \{\l-mezhyl-N-pheny1~N’-phenylhydmzine is the only hydrazine
formed in ni)pleciab]v ‘)\ield, and it reacts to give the observed amines, as in reactions
[41], [46] and [49]. Scc\bnd, all of the possible hydrazines are formed and _only N-
mcthyl-N~phcnyl»N’-phcr\\ylhydmzine produces amines, while the other hydrazines

react and produce undete%ﬁed products, or do not react and were not detected.

d. Speculation on the F\g)rmlt|on and Reactions of Diradicals
\ - *
Reactions [21] and [22]\rupmsent two, of the main featureg of this mechanism.

One fenture is.the production of nitrogen as part of the chiain mechanism and the
other is that they ar the ch\[‘ain propagating steps. Both of these points were dis-
cussed in connection with thé‘ simple mechanism, and references were given. The
justification for wntmg these rqnctlom is that nitrogen does appear to be formed by
a chain reaction as wnll as, presumably, rencuon [16]. What was not cummented on
before was the fate of the possi;\e radicals formed, methylene and benzyne. Two of

\
the possible reactions of these radicals would be insertion into or addition to, 1-

only two of the five possible amines, aniline and N-methylaniline,.
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methyl-z-phenyldiaune’, as it is the most abundant Qpeciu present.  *

i. Addition
Addition reactions of methylene and_ benzyne® would produce, possibly, four
other diradicals, as shown in reactions [53] to [56].

[53] :CHp ¥ CH;-N=N-Q) — CH,; -N - N

*CH,

4] CH, + GHy-N=N-@ — CH;-N- N
. &
2

[s5] @ + CHy-N =N—@\—» Clly- N - N—©)
y ©

[56) @ + CH-N=N<® — Clj-N-N<O)
& ~

Following Forst's (7) example, it is assumed that each of these new radicals
could.do one of Lwo{ngs. Rearrangement. would give more complex‘di:\zem:, The
products would be the'same as those of insertion reactions, to be discussed below.
Alternatively they could react with the 1-methyl-2-phenyldiazene to abstract bydro-

gen, as in reactions [57] to [60]."

1571 cnrx)u:-@ + CHy-N=N—Q) — CH-N-N+©) + CH, N=N—O)

] Hy .
58] cu,—l\ll-u-@ + cu,-N:N—@ - curlr—ry—@ Y Cl.l;rN=N-@'
CH, ¢ cHy

(69] CHy-N-N<© + CHy-N=N—©) — «Cll, - N=N—Q) + cu,-u-%—@

+ p-benzyne is shown as a example. For a discussion of methylene and bentyne, please refer to the
book Reactive Molecules by Curt Wentrup, Joha Wiley and Sons, Toronto, 1084.

* 't Only four of the e(;ht possible abstraction reactions shown.
¢

L .
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[60] CHy-N-N~® + CHy-N=N~O) — +CH;-N=N~Q) + CHy-N=N~O) :

\ The radicals are the same ones which are formed in reactions’[23] to [26].

Thereforc no changes in order of reaction or nature of the products is expecte

N

;. B

il. Insertion

The methylene and be;xzyne radicals, however, insert quite readily (35). It is
assumed tKht insertion into diazenes is also possible, as suggested by Chang and’ Rice
(43). We also assume that such reactions are poési\:le, and that new diazenes may be

formed in this way. 2 l

e. Rate E ion for the Complete. Mechani ) 2

No mention has been made so far that, in the chain contribution to-the pro-
posed complete mechanism of nitrogen formation, the order should be one with}
respeet to the initial concentration of 1-metfiyl-2-phenyldiazene. ‘To show that it is

~
50, one has to use the same procedure as outlined for the preliminary mechanism.

To simplify the procedure the following abbreviations have been made:

Ry Cliy RY @3 P CHy P @
Ry CllyN=N<©® ; Ry CHy-N=N—© ; Ry CH-N-N—O ; =
cln'
2 -
Rap C“r'}‘*“"@ i Ryp CﬂsgN‘@ i Rig CHyN-N—D ;
C

. ®

Py CHeN - rlq—@ ; P, CHy-N-N<® ;P; CH;-N - N—© ;
"H

i ' %
CH 5

3

o

3

Py CHyN - N<@ iRy N<® iRy N-CHiRy N-D
H LB CH. : ¥
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R; -N-CHy Ry=N<© ; sad D CHy-N=N—Q
& ’
‘The rate of nitrogen formation is given by

dNj )
(13} T kyalD] + kg [Ry) + ‘fzzl“‘ﬂ
~

Referring again to Mulcahy-(32) ﬁppmximations are made that (1) the rate of
L

initiation (R;) equals the rate of termination (R,) or

dR, N
i Sl kRl - KRR = 0
and
w1 - kelRARA = 0

(2) for long chains, the rate of propagation is given by,

dR )
(16] dLZl = kpg[RyJID] + kyg[R,][D] - kay[Ro] + kg [Ry][D]
_+ kag[Rapyp) + kos[Ran][D] + kag[Rocl[D}
° o
+ kg[R{[D) + kgy[Rg)[D] + kys[Rel[D]
+ kglRq[D] + kg[Rel[D] = ©
and
d|
(17) %ﬂ = kylRy][D] + kzo[R,ID] - kp2[Ry') + KaolRs[D]

+ kyy[Ryy|[D] + kyg[Ryp][D] + kaé[Tsc]IDl

!




(18]
, (9]
(20]

121

a

ST =

\ *
+ KiRJD] + kealRel[D] + kulRg[D]

"+ kulR][D] + ksolRglD] = 0

dR]
dt

d[Ry|
dt

d[Ry

dt

d[R]
dt

dIR,|
dt

ARqy

dt

\
= kplPy] - k[Rs][D| - ks2[Rg[D] = 0

J

The other rate equations using the Steady State Approximation are given by:

kylP1] - kg[R4)(D] - kyg[RJID] = 0

a

kPl + KafP3] - kalRolD] - klBgD] =6

= kylPs) +KalP4) - ka[R7I[D] - kyRiID) = 0

kglPi] + kalPs] - kg[Rg][D] - kso[Rgl[D] = 0

= ky[Rql[D] + ksa[Ry]ID] — kylPy] =0

kylRsal[D] + kam] ~ky{Pgl = 0

= ky[Rsl[D] + kagRapl[D] — ku[P3] = 0

kgs(Racl[D] + kag[Rag)lD] -~ kelPy] = 0
kg[Ril[D] - kay[Ry][D] - kolRg}(D] = 0

kyq[Ry][D] - kas[RaallD] — ky(RaallD] = 0




i ‘ ;

(29] __[1;:_91_ = kys[R,][D] - kgs[Rypl[D] — kyo[R3pllD) =
dRgd

o & d;‘“’ = KulRy1ID] - kar[RaclID] - ksRallD] =

By solving for Ry, Rgs, Ryp and Ryg in equations [27] to [30] respectively and

then sibstituting into equations [23] to [26] respectively one obtains:
1] ke RD] - kPl = 0

B2l kaRiID] - kPl = 0 g *
B3] kaslRyD) ~ ksl = 0.

B4 alRD] - kg = 0

One next substitutes the expressions for Ry, Ry, Ryp and Rye in-equertions [27]

to [30] into equations [16] and [17] to obtain:
\

d
s T D] + D] - R

4 kyikas[D][Ry] + ksskzq(R,|[D] 4 kaskgs[Ry (D]
L kay + kg kg +ku 7 ks +kgs

karkqg[R.
Eorl BN kel + ksl
. + kys[Re[D] + kys[Rq|[D] + kylRg][D] = 0 - N
and g
d[R,1. . =
o) L D) 4 Kl D] k) b
= KallID] 4+ klR] . .
§ kleZEIRIHD' + k;(k21[Rl"D] ; k;gkgis{”&] N . “.;

kyy + kgy kg + kg ks + ks




\ Loa 5 +
' L -T2-
. .
, kagkzg[Ry][D]
+ S+ kalRID) + kelRyID]
kag + kg
' \ ’ i
s
Vo + kq{[Rn"D] + kylRq][D] + ksolRgl[D] = 0 o
5 By solving for Py, Py, Py and P, in equations [31] to [34] respectively, and sub-
.

stituting'into [18] to [22] one obtains:

; ' kaslRi] - .
37] R} = ———— » .
e R= R T
< | ;
kanlRy) .

-l

38] Rg),*
bl IR g

) LY
. 2 ¥ * kayRyl + kAR - N
ool g = 2 ; ,
45 t/kae g .
¢ knR] + klRi]
o] [y = —ET
- : kgs + kyg
kalRl + fRr] b
[41]  [Ry = 2= -
i (#l kgp + kso )
. : e
: By substituting [37] to [41]-into [35] and [36) respectively and making the fol-
{ v A : :
lowing substitutiqps: . - (G Q\ o
L F = L
by, e gy 2008 kygkaq. Kyrkas - : ~
. ' T kgt ke kg ke K+ Keg ¢ 4
5 k ke A kygkay ) kyoksg
© kst katke ke tkso
, i : %
3 kaskas Kyikag ksikag .
K = ki
: . P kgt kyy | kgt kg ket kg
pe e o o S
: e } Kygkas Kygkay ygkas . |
i, i

kis + kg ka ke kygkso

\

3 - ey

Tagm




T8

kyok: kak. kygk:
e o Fotta | Kesos

= k
BT kg kg kg + Ky ke + ke !

,.
kygkaq " kagkas . ksokag
kis+ke  katky  kg+kso

i k kagkas kagkag Kszkas
kgs+ ks kgt kag - kit ke

¢ ” Kygkas kygkag ksokzs
ks + kg = kgt kg kyg +kgo

one 'ob’tains:

142] VdIRz] = klR([D] + k,[R/D] - ky[Rg] = 0 s
@ \
{43] o Ky[Ry}(D] + ky[R(]ID} - kyplRy] = 0
1 dty .

By 'solving for [Rzl andJR,‘] in equations [42] and [43], substituting into [14] nml

[15] and then rearranging one obtains:

Kk, Kok Kagky

i o) ey k”’mnmm%mll’ o RullR - kg = 0
21 21 22

45} (D} "‘lR.llR-’H "'[w ""“m.nm+ “°'mq’ kig = 0

v e

Divtding through by (D] and letting

_ o Kk kygkw
' ky ' Kz

o kgks b kgky i o Kok, - kaoky :
kg kay kg ko

= [R; y =[Ry]; and e = -kyg




“

150) Ab'td)  Be(ate)bd) o
(b+d) -

-T4-,
one obtains: ' ' o )
6] ax? + bxy + ox? + dxy + e =0
7] a'y + by? + cxy + dy? + e=o0

rearranging:

18] (a+eh® + (b+dpy + e =0

9]\ (b+dy? + (a'+)xy +.¢ = 0

Solving [48] for'y; substnutmg into [49] and thén multiplying through by x2 one ,

ohtmm 8

2
ate 1t
b+d ] ® +? o

(b+d)?

’ .
£ o e x4 o =0
(o+d) ,

and by rearranging and solving for X one obtains:

B ) = x = [2eAR Vot ), e
.I " ki * '
- + Zelatd(brd) “(::d';:d -4 [[ bBI: l (b+d) — (wc')(a}c)]
A N .
¥{b'+d! a+c l (b+d) - (8" ' ’
—(———-'l(Hd),‘ a'+)(atc)

Similarly for y, by solving [4|7] for x and substxtut!ng mto [48] one obtains

’
o ®
B2 R =y =% ,[2°"'+d' a+c) _ e(btd +e,] e —ebxd) b

o (a4 (') < %)

11 d" * . U 2
4+ Bltdliate 4[[':,:2, J (n+c)—(b+d](b'+d')]

(a"+e)?

s




e -

(C I _ ST

(f::;,] / [ ",j:‘:,](-+e)—(b+d)(b'+d')] :

The upressions for [Ry] or x and [R,] or y are composed of constants; therefore

by subsmuung back into equnhons [42] and [43] one oblmns

*ksRy)[D] + kylﬁn’)[D]

(53] [Ry] = and N
; ka1 . . ,
3 L \
k,[Ry][D] + ky[R][D] u
) g AP+ D)
i 2
By substituting [53] and (54] intp equation [13] one obtains the rate expr;ssion for 7

Hitrogen formation:

diNs)
dt

fs) [kt = (ke + K)IRs} + (ky + kIR D)

which is first order for nitrogen formation with respect to the concentration of I-
methyl-2-phenyldiazene because all terms within the square brackets are constants:

5. Comments on the Results with Propene .0

differencé of opinion regarding the uscfulness of unsa s

’gere seems to I)Q 2
turated hydrocarbons as chain inhibitors. For example, Forst (5) dctc‘rmined lllml
ethylene and propene had different minimum (or nearly so) rates which were gfcntér
than that found with nitric oxide for the py;olysis of azomethane. Meanwhile others
use ethylene (4), cyclohexene (28),/propenb (6) ete. as inhibitors. Even though the
roblem is not resblved, it is interesting to'speculate on the effect uf‘ pmpen‘e by
assuming that, in Run #223, which was the run with the highgst ratio of propene to v
diazene, an olemcntar}‘rnte constant was measured. - The vﬂd:, Figurp 12, is 'I.M X ‘

¥ 100 5! at 550.05 K. Although we do not yet know the value of the pre-exponential

factor in propene, the accepted pre-c; ponential factor Lfor simple fission of azo-

, methane is in the order or 10'7, ‘ll\‘:thia value is substituted in the Arrhenlus equa~




78
tion as a_guess' one obtains a value of 233 kJ/mole for the activation energy whichs

is exactly the same as Forst and Rice (5) obtained for the NO inhibited decomposi-

s Vs
tion of azomethane!

Becauge both hane and I-methyl-2-phenyldis have the’sm?e activa-
Lio;energy (if the speculation has any validity),-one bond fission at the methyl end
is indicated. This result lends c{edencz to Engel's hypothesis (3) that the more
mﬂ‘ymmoa‘trical the functional groups of the diazene the more likely therg i.s to be one

bond rather thian two-bond fission. . )

6. Speculation on the Effect of Storage

It was unfortunate that the jnitial experiments with propene showed no éﬁéct of
inhibitation of_the rate of nitrogen formation, and the wrong conclusions were ini-
tially drawn. The reason for this phenomenon remains a mystery. However, it is
possible that the effect was due to the conversion of a small amount of the diazene
to the cis isomer during overnight storage at 105°C. Cis isomers of diazenes are
known to be reactive (3,25). Thus the apparent increased rate of nitrogen formation
may have been due to p‘yrolysis :')f cis-1-methyl-2-phenyldiazene which by coin-

cidence cbmpunsntud for the reduction’in rate whgch was caused by propene.
pa s ~

7. Spegulation on the Role of Phewylhydrazone

- ‘
'ﬁ;e presence of aniline, sometimes in quite large yields (see App'cndix B), indi-
* catés that Lhcrc is mmther source in nddlt\on to the decomposition of the diazene, as

© outliried nbuve.

. ¥

t The, Arrhenius plots of the uninhibi i of 1-methyl-2- it in both packed
.and-unpacked vessels deserves a comment. Both illustrate excellent fits to the Arrhenius equation .
but yet, 33 has been shown, the data were best interpreted by a chain reaction; complicated func-
tions of rate constants. In addition, there may be non-chain contributions to the rate constant,
Nevertheless no curvature in the Arrhenius plot is observed even though one might expect it be-
cause of the complicated temperature dependence of the rate equation. Thiis scems to show the in-
sensitivity of the Arrhenius'equation to such complexities,
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It is possible that phenylhydrazone, which was among the reaction products,
\

reacts En the gas phase or on a surface, to give aniline. In solution, during the steps

in the synthesis in which phenylhy is to. dinzene, it decomposes
partially to aniline and hydmgen cyanide (20). So it seems posslhla thm some of the
1‘methyl-2-phenyldiazene i uomerlzm during pymlysls to phenylhydmmna whlch sub-

sequently decomposes to amhne and hydrogen cyanide.

The difficulty wnh proposing the abové reaction is that no hydrogen cyanide
has been found i in the reachon pmdncts There may be !wo reasons. One, it mny

volatlhze when the condensed fraction is warmed to smbient temperature. Auother

_ possible explanation may be that it adds across the nitrogen double bond of l-l -

methyl-2-phen§ldiazene, :s it has been shown (39) that phcnylhydrnzoneé readily
add hydrogen c};Anide. o
Hydrogen cyanide has, héwever, been detected in the products of dccpmposition

* of azomethane (37) using mass spectrometry. Ho‘w‘ever the validity of this report has
been questioned on the grounds that only a fragment of some larger mo‘lcculc was
observcd In support of this yiew the electron impact mass spectrum of azomethane
hns a peak at m/e of 27 (38) which is only 4% of the parent jon peak, while Wacks

work (37) shows that peak at m/e of 27 is prominent inthe flow through pym]yms of

"

¢ using a mass as the mode of detection indicating that an

ion of m/e 27 is a product of the pyrolysis of azomethane. . }

P. Comménts on the Erratic Behavior of Rate of Reaction

After 'H.m initial set of runs with propene, as ;iescrib‘cd in the results section, &
reaction of l-methyl<2-ph;nyléiszenc with propenc was allowed to go to 98% com-
pletion. .ln most subsequent experiments the rate of nitrogen funnn}’ion was high
while the rate of methane formation was low, relative to-the rates observed in the

previous eyperiments, (Table 9).
\
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Surface reactions provide a possible explanation of the erratic behavior, if, dur-

ing the 98% reaction the reaction vessel became coated! (with polypropylgne

perhaps). Such a surface could provide sites for.certain reactions. If reactions [23]
to [20] were favored over reactions [17] to [20] an incfeasg in‘the n;t? of formation of
nitrogen could be nbse‘rved because the ‘‘amine” chain producm three diazene radi-
cals for each one consumed, as opposed to one in the abstraction route. Tbls route

would also lower the yield of methane because it consumes a methyl radlcul It is
.}

of a

interesting to notice the g chain,

behavior and high rate of reaction. Finally it should be noted that the pmblein‘\‘of

“>erratic behavior was not solved until a clean reaction vessel was installed. N
. 7

; /
P |
'

S y and for Future R

Among the results of this study, four impo}tant features related to nitrogen fof-
mation emerged. The first is the value of the Arrhenius activation energy, whigh is
less than the value which would be expected of elementary C-N bond rupture at
cither site. The sccond feature is the Iow value of the pre-exponential factor, which
is Lwo or three orders of magnitude below the value expectel of a simple fssion reac-

Ilon The inhibiting effect of propene represents the third feature. These observa'-

* _tions were interpreted by means of a chain reaction. However, the observation that

the ordeyis almost unity, which is the fourth feature, is not in sccord with the }(ind
of chnin reaction which. is usually proposed. A diﬂ‘erent\‘type of terminau:on rea'/ctipn
was suggested in’ordcr' to nccwt for‘the low value of the order.

‘The length of the chain and ‘the relative contribution of the chain” cannot be
deduced from the results of this study. Thus, tile effect of propene is quite small,

leading one to believe that the chains are short. Conversély the values of the
-

1 1t is interesting and confusing to notice that the packed vessel, in which 5o propene was used,”
\

secmed to develop the same propetic.
A

with erratic - '
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Arrhenius parameters differ very much from those expected of simple \ﬁssion reac-
tions; this leads to the suspicion that the chains are, quite long. Altern;;tively, a
A differet pathway,in addition to the chain; may Pe available, pe;rhnps through iso-
me,rization and pyrolysis of cis 1-methyl-2-phenyldiazene. v
That the rate of nit'rogen formation for the run with the highest ratio of pro-
pene to diazene gives the same activation energy (when.the value. of the pre-
exponential factor is guessed) as that for azom’ethnne in the presence of nitrous oxide
is interesting. A d&ailed study, in which the determination of the fully inhibited .
\-\rate of nitxogon-formntidn would be determined, seems to be warranted. Also, ‘o
'more ‘detailed study of the various products and the kinetics of their formation
should better establish the nature of the chain. ’
And finally a stu‘dy should be designed which would establish the roles, if there

,are any, played by cis-1-methyl-2-phenyldiazene and phenylhyd
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To cox}ﬁrm the identity of _tke starting material as l—r?elhyl-z-phcnyldiazene a
sample of purified material was removed from the line and submitted for a high reso-
‘lution masg spectrograph, the results of which are listed in Table 10.

The calculated mass of C;HgN, is i20.0887 and what was found was 120.0683.
Expected major fragments of 'the molecule such ax’Ci,HsNz‘", CgHsN*, and CgHg*
were found at 105.04\50, 92.0499 1‘1ud 77.0382 respectively. The calculated E\usscs for
these fragments are 105.0451, 92.0500 and 77.0391 respectively.

The ab(‘:ve results provide evidence that the starlting material was 1-methyl-2-

phenyldiazene.




AV. MASS AV. INT.
MOD.

123.9928 0.40
121.0720 0.27
120. 0483 5.23
119.9948 0.47
119.0606°  0.82
116.9953 0.07
113.0009 2.28
106. 0487 1.40
J105.0450  20.26
101. 0041 0.98
95.0404 0.54
,93.0561 0.51
. 0499 3.35
. 0545 1.26
. 0419 0.48
L0171 o.02
L9617 0.09
84.9648 0.94
83.0102 0.06
82.0022  "0.26°
79.0449 0.02
78.0419 3.59
77.0382 54.54
76.0304 0.91
75, 0225 0.72
75.0034 0.06
74.0150 1.25
73.0069 0.14
49.9984 1.27 .
bb.0454 0.37
£5.0399 ° 4.51
65.0248 0.56
64.0321 1.22
64,0196 0.78
43.0243 1.94
63.0143 0.17
62,0165 0. b4
61.0082 0.39
52.0242 1.50
51.0232 20.02
50.0144 5.33
49.9953 0.60
43.0151 5.46
39.9474-  1.83
39.0083 4.09
38,0001 2.46
36,9919 0.11
31,9741 36.40
30.9834 0.48
28.9%10 0.11
28.0093 0.11
27.9955 100.00

27.0154

2
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NO. MEAS-
UREMENTS
A5
10
19 4
i8
17

Table 11.

High resolution mass spectra
of s;at(lng material for

kinetic experiments.
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Appehdix By

To identify the impurity in the starting n»l.érial and the products found ‘in the

condensed fraction, 2 sample of starting materigl from the’spinning band column and

the vacuum line a.long- with  the consolidated condensed fraction of three runs were

run on a capillary gas

with & mL;;u x a3 the detebtor.
~Gas chro?xatog'raph conditions were: ) ’

() 30 m DB-1 capillary column

(ii) 1 plinjection split :;0 to 1

(iii)  injector temperature 100" C -~

(iv) ~ Temperature program was 70°C for ten minutes then 0°c per. minute to

230°C. ’
(v) Mass spectromel.ry detection was by electrpn lmpacl.

Figure 17 Is the total fon current of the gas chmmnlogmph of the 1-methyl-2-
phenyldiazene from the spinning band column The Y-axls is the percent intensity

of the peaks based on saturation of the ion detector of the mass spectrometer. The

X-axis has two scales. The lower one is the time scale from injection in mme:s and,

the upper ;s the scan number.

Other than the 1-methyl-2-phenyldiazene there are peaks at scan numbers 504
and 918 with trace peaks at scan numbers 104 and 207. Tables 12 through 15 are
the mass spectra of scan numbers 104, 207, 504 and 018 respectively while Table 16
is a representative mafs spectra of l-mcthyl-%phel:yldiuzunc, scan number 200.

The peak at scan number ‘504 has a mass spectrum which matches that of 1-
methyl-2-phenyldiazene. It has been assignéd to the cis isomer of I-methyl-2-
phenyldiazene. i a

; The peak at scan number 018 also has nlmcléculnr ion of 120. Its trngmex‘.ll::»-
1 “

e




-/

"tion pa&tem, however, does not match that of the diazenes but. tilnt of pher;i' .ydrn-

zo0ne (44) - ’ _ ]

From ref 40 the peak x\l scan number 104 has wwuﬂed as bénzone while
the spectra of the pe& “of scan number 207 matches that of diethylene glycol, a
likely impurity in ethylene glycol ; < Faug .
Fig 18 is the total § \on current of the gas chromatograph of: th‘: starting material

from the vacuum line. As with the chromntogmph of the spinning band material '
" there is a peak ‘at sean number 940, Table 17, which matches the mass spectéa of
scan numbey 918 of the spinning band materisl with 4race amounts at scan numbers,

‘93‘,‘ 214 and 510 whose mass spectra are listed in Tables 18 through 20, ;espectivcly.

The latter three spectra match those of the material from the spinning band column.

Fig 19’is the total ion. current of the gas ch h of Qhe idation of

the condensed fraction from three runs. There e “peaks at scan numbers. 89, 107,

124 120, 432, 443; 469, 508 036 apd | 151{9whose mgss spectm are listed in Tables 21

through 30, respectively. There is a trace amount” at scan number 212, whose spec-

tra, Table 31, indicates that 1t is the diethylene glycol impurity. There are also

several trace amounts }'7[ material at § umbers greater than phenylhydrazone,
scan number 936. The amounts are so ;ﬁt\mt they could not be identified. The
signals could be due to baseline n_oise. :

Peuks at sc;n numbers 89, 1'67 506 and 936 were found in small amounts in the
sLarhng material and were assigned l.o formamidine or hydroxylamine, bcnzcne cig
1- methyl 2 phenyldlazene, and pheuylhydmzone respecnvely From ref 40 the peak
at scan numbpr 120 was assigned to toluene; the one of scan number 432 to N-
;nethylmiline; the ofte at scan number 443 to l-phcnyl-2-ethyldinzéne; the one at
scan number 469 to 1-benzyl-2-methyldiazene; and the one at scan number 1515 to
azobenzene. The spectra of the peak at scan number 124 could not be interpretated

anci, as with- the formamidine or hydroxmm'me peak, we have no ﬁlansible
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explanation for its presence among the products of the reaction. A suspicion is that

some of the ml!en;:n_:he column-was oxidized by air, which is a one percent
npurity in the helium carrier gas of the gas v:hromnlognph‘- e &

Tables 32 and 33 are mass spectra of scan numbers 275 and 308 which are the
I-methyl-2-phenyldiazene peak as it starts to elute’ from the column-and as it
apparently stops eluting. The spectra of scan number 275 matches that of 1-
methyl-2-phenyldiazene from the stlr’ting material but the spectra"ol scan nu;nber
306 matches that ol‘ lmlme as ‘confirmed by ref 40.. The non-polar cnpﬂhry column._
does not complctely resclve the diazene and aniline peaks while the nnllyhcnl

column, which is moderately polar, does.

Another point-to note is that the non-polar capillary column separates 1-*

Yenyl-9-ethyidi and" I-benzyl-2-methyldi whereas tﬁe packed analytical

cnl,umn apparently does not. From this supposition, the pelk ellltm; after-aniline on
the analytical column was assigned to N—rne'.hyl/ iline, which is more strongly
retained on the moderately polar phase, while the two diazenes were assigned to the

same peak.
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‘AC2. 104
CALGCL

“-mAss

38.96

44.07
49,87
L. 50.94

CRT 0: 4:27  05-JUN-B4 T TIC=104
BASE INT.=258

. B/G SCAN=30

MSNi369" HPDGCMSHA - EX l;ﬁg DIR

UHT.  %HT.
MOoD. BASE

i2.02 3.13
0.3%  0.10

able 12.

o
7
“7.268 33
8
8

.i2  3.94 8.590 E
100.0¢ 26.03 56.828 ' 258 -
6.597 1.72 " 3.744 7 -

% ABS N
TIC HT. :

6828 3
.220 1
(709 38

.5%90 39

AUTO-GAIN=1
STATUS:1E -

Mass spectra of scan number 104 of

;
I-methyl-2-phenyldiazene from

spinning band dolumn.




AC2, 207
CALGCL

MSN1

UHT.
MOD. B,

MAgS

28.96 33.75
30.88 145.00 1
44,07 ©0.00
45.13 27.50
60.97 100.00-

Table 13.

g

¥ -314

RT 0: 2:47> 05-JUN-84 2 AUTO-GAIN=1
BASE INT.=80 B/G SCAFE% ~ STATUS: 1E
349 MPDGCMSHi EI LR DI

HT. %

ABS § =
ASE TIC =

HT.

Cyl10035
w106

2.70 26.471 27
1. &0%siolofool 116
0.00 0.000 o
2.20 21.56%9 a2

C’HZ—CHZ—O—CHZ—CH
1
8.00 78.431 80

2
OH OH

Mass spectra of. scan number 207 of

l-methyl—Z—ph?diazene from -
spinning bandéolumn. .




: “ % . » - .
RT 0: 6:39 ds-juN-ss. TIC=95 AUTO-GAIN=1 B
cALGCl BASE INT.=2i% B/G SCAN=30 STATUS: {E
b . . MSNi369 MPDGCHSH1 EI LR BIR
MASS  WHT. s WHT. % CABS” N b
S, MOD. BASE . TIC  HT. cis C,HgN, , :
w120

38.03 5.56 1.47 2.353
v 38.96 + 6.02 160 2.549

© 43.07 40.65 2.82° 4.510° @’ CHy = 4
S . 44.07 3.24 0.86 1.373

49.87 :B0  2.33 3.725

50.94 32.87 - 8.71 13.922

85.11. o 4.17 1.10 1.765 .

77.047100.00 26.50 42.353 i

78.01 8.33 2.21 3.529

105.02 48.41 '12.88 20.588

119.95 7.41  1.96° 3.137

w g . ®

2 & ol
Table 14, Mass' spectra of scan mumber S04 of

e / . 1-methyl-2-phenyldiazene from .
b o sy ~ . . J .
spinning band column. - w By
.
". P
. )
- - i
. .
5 - o -
—




Aca.918 RT 0:12: 3 05-JUN-84  TIC=422 “AUTO-GAIN=1 is of
CALGC1 BASE INT.=1342 B/G SCAN=30 STATUS: 1E
MEN134% MPDGCMSHL EI LR DIR

MASS  %HT.  %HT. % ABS 2

MOD. BASE TIC HT. he & . o~
. @628 1.04 1,04 0.240
27.21 2.83 2.83 0.650 .
37.09 2.46 2.46 0.565 :
38.03 7.08 7.08 1.626 ;
26.75 26.75 6.145 ; "
t 174 1.74 0.394 C,HgNy .
2.53 2.53 0.582 me 120
' 1.49  1.49 0.342-
i . 0.89 0.89 0.205 - :
: 0,60, ©0.60 0.137 ©)—w-w=ca,
4.55" 4.55 1.044 |
11.25: 11.25 2.585 H

4.40 4.40 1.010
.89 ;..0.89 °0.205
1.56 ° 1.56 0.359
347 3.43 0.787
4.69 4.69 1.078
1:19  1.19 0.274
2.68 2.68 D.616
8.27 8.27 1.900
64.08  b.41 b.41 1.472
65.10_-93.00 93.00 21.363

°
@
<

6.18 &6.18

= 94.98 100.00 100.00 22.972
93.02 14.83. 14.83 3.406
105.02 0.97 0.97 0.223

117.99 0.89, 0.89 - 0.205 .
118.96 28.02 28.02 &.436
- .119.93 72.73 72.73 16.707
120.98 4.77 4.77 1.096

5

N

Table 15. Mass spectra of scan number 918 of
. ' o
1-methyl-2-phenyldiazene from

. 4 ' spinning band column.




. €ALGEL

119.98

‘3
100,

XHT.
MOD .

2.08

Fa
STATUS: 1E
MSN1369 MPDGCWSB1 EI LR DIR =
Wr. % ass MASS XM, XWT. X ams
| BASE  TIC MY . MaD. BasE TIc  wn
0.29 o0.29 12 12 2.ee
o as

7.51 37,81
00 100700 1

RT 0: 359 os-Ju
BASE_INT. =40¢

Table 16.

N-84 . TICZ1892  AUTO-GAIN=1
B/6 SCAN=30

264 0.420 108

trans € Hgh,

= 120

f

Mass spectra of scan nusber 200

of fizecthyl-2-phenyldtazene from ~

spinaing band columm. i
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‘aca. 940 RT 0:12:22 04-JUN-84  TIC=2631  AUTO-GAIN=1

1
CALGCY BASE INT.=4095 B/G SCAN=30 STATUS: 1E .
MSN1371 LR EI MPD GCHSH2 -+ N\ 3
N . B . :
MASS  UHT. . %HT. % . ABS- MASS” UHT.  %HT. %-  ABS !
Moo, BASE TIC HT. . MOD. BASE TIC HT
26.27 1.90 1.90 0.227 78 * 77.04 24.98 a4.98 2.981 1_2?/
27.21 10.94 10.94 1.305 448 78.01 4.49 4.49 0.536 4
2s.09 0.00 L 0.00 0.000 0 78,96 0.39 0.99 0.047 16
a9.82 0:42 0.42 10.050 17 79.92 .37 0.37 0.0‘tWS %
31.96 14.07 14.07 . 678 576 87.00 0. 446 0.46 0.055 9 . %
32.54 0. 24 0. 24 029 10 87.98 0.51 0.51 0.061 21 ’
33.61 0.00 0.00 000 o 88.95 0.71 ©.71 0.085 29
37.09 7.81  "7.81 932 320 89.90 2.59 2.59 ©0.309 106
38.03 16.21 14.21 935 b64 0.99 17.19 17.19 &.051 704
38.96 71.89 71.89 579 2944 ?2.01 100.00 100.00 11.933 4095 !
379.80 0. 46 0.446 jO,085 19 ?3.05 &,
39.85 5.27 5.27 0.629° 2ié 94,07 0.
40.94 6.94 '46.94 828 284 103405 o
42502 3.32 3.32 0,396 136  104.06 0.
43,07 1.47 1.47 175 40 105.04 0.
44,07 2.05 2.05 245 84 1046.06 0.
44.61 0.83 0.83 0.099 . 34 11885 9.
45.11  0.24 0.24° 0.0a9 10 119.47 0.
45 62 , 2.03 2.03 242 83 119.59 o =
4»5487/ 0.20 0.20 023 8 120.00 3
45.9; 0.22 .22 028 9 121.04 2
. 45,95 0.49 0.49 058 a0 422.09
46,41 0. 029 10 138.10

035 12 187.92
ias 43 183. 67

492 512  Table 17. Mass spectra of scan
53
417 143 . numbex, 940 of starting

611 894 . material. \
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AC4. 98 L ORT 0t 4 e-—:ruu 84 TICa453 CAUTD-GAIN={ Y e Is..
CALGC1 . BASE INT,= B/G SCAN=30 ;. STATUS:iE; °, B )
. MSN1374°LR ET l’IPD cemsna o o B "
3 > b “ e, . ot > . .
MASS  %HT. ZHT. % ABS | ; o ' g
L . oD, BASE  TIC HT. d = x
©°.28.09 _0.00 0.00 0.000 o G T
28.95 74.19 0.56 29.1i14 23 . m78a -
Z* 31 9addiibiiok- 15 . SORNIRINK o 639 E ; @ ' -
N 39.80 B7.10 0.b6 34.177 27 : = . 4 .
< 44,07 B9.03- 0.22 11.392 9 - 2 . B
| 68.95 100,00 '0.76 39.241 31 * . o
- §1.00 38.71 ©.29 15.i%0 ' 12 . o  ®
: . R - o R F
. o E P B ® ) . .
. ; ¢ ; - e
. . s o N ¥ -
. ' Table 18. Mass spectra of jscap number 98 of. v ~ 5
. .y - starting material. - % } . .
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AC4. 21
CALGCY

~99 -

4 RT 0: 2:52 04-JUN-84 TIC=498  AUTO-GAIN=1
BASE INT.=143 B/G SCAN=30 STATUB: 1E
MSN1371 LR-EI MPD GCMSH2 !
MASS  4UHT.  UHT. % ABS
MOD.  BASE , TIC  HT,
21 11.89 0.42 7.456 17
09  0.00 0.00 0.000 0 \ C4H10%
96 37.76 1.32 23.684 54 ¥ me 106
80 13.99 0.49 8.772 20
82 166.64 5.47 98.244 224 CH, ~CH, ~0-CH,,~CH,
96 626.57 21.B88KKblkE 896 /A S
10 0.60  0.00 0.000 K an OH
80 31.47 ' 1.10 19.737 45
13 '18.18  0.63 11.404 as -
97 100.00  3.49 62.719 143
96  9.09 0.32 5.702 13

Table‘19. Mass spectra of scan number 214 of

starting material.




AC.
Pl CAl

4.510
LGC1

MASS

119.95

=343 B/G SCAN=30
MSN1371'LR EI MPD GCMSH2
%HT. %HT. L% ABS
MOD.  BASE TIC KT
4.37 0,37 1.736 15
7.87 0.66 3.i38 .27 .
2.82 0.22 1.042 L S
0.-00 0.00 0.000 o
1,17 0.10 0.463 4 N
242.57 . 20.32 946.296 832
0.58 0.05 0,231
292  0.2¢ 1.157 10
5.54  0.46 2.199 19
13.44 1.12 5.324 46
11,37  0.95 4.514 39
13012 1.10 '5.208° 45
b.12 0.51 2.431 21
27.99. 2.34 11.411 9%
5.54 0.46 2.199 19
&2 051 2,431 a1
6.41 0. 54 2.546 az
100,00  8.38 39.499 343
4.37 0,37 1.736 15
39.94 3.35 15.856 137
8.45 0.71 3.354 29
Table 20.

AUTO-GAIN=1 3,
STATUS: 1E

cis-CHN,

mw 120

Mass spectra of scan number 510 of

starting material.
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AC3%4.89
CALGCL

MASS

‘o o ]
SurJoNeroo

,.
5
53

RT 0: 1:15 O0&6-JUN-84 TIC=1105 AUTO-GAIN=1
BASE INT.=4042 B/G SCAN=40 STATUS: 1E
MSNi372 MPD PROD X4 LR EI GCMS

YHT . Y% ABS
BASE TIC HT. C\

93 0.596 38
) o

o
-
>

o o
k3 ~
] o
cNBourBoRrroo

Table 21. Mass speckra of scan number 89 of N
Y :

condensed fraction.




o i AN L

Nt g e R

. . Yz
: N . § =)
AC3X4.107 RT 0: 1:29 04-JUN-B4 TIC827 AUTD-GAIN=1 3.
CALGCY BASE INT.=4095 _  B/G SCAN=106 = STATUS:1E 5
s MSN1372 MPD PROD X4 LR EI GCHS
MASS  UHT.  WHT. % ABS
: MOD.. BASE TIC  HT. ¢
22.14 0.22 0.22 0.024 9
24.29° 0.32 0.32 0.035 13 ’
25.31  2.32 2.32 0.256 .95 i Cellg . o g MR
26.28 25.01 25.01 2.762 1024 -t .
27.21 24.52 24.52 2,708 1004 -
28.09 0.00 0.00 0L0G0 [
29.82 0.22 0.22 0.024 9 f
34.82 0.22 0.22 0.024 9
34.95 0.34 0.34 0.038 14
36,13 2.86 2.86 0,316 117 . ;
36,61 0.32 . 0.32 0.035 13 y 2 .
¢ 37:09 30,48 30.48 3.346 1248
37.57 9.94 9.94 1.098 407
38,03 49.50 49.50. 5.464 2027 : .
38.50 2.54 2,54 0.280 104 " . : e T%
.. 38.96 100.00 100.00 11.043 4095 . o A N
39.41 232 2.32 0.256 95 . S o A
39.80  0.20 0,20 ¢.022 8 B 2 8
'39.85  3.17° .3.17 0.351 ' 130 2 ;
40.94 0.32 -0.32 0.035 13 ~
A45.16 0.32 0.32 0.035 13
48, 1.76  1.76 -0.1%9 72 . 5 ;
48.96 17.97 17.97 1.985 736 bl
4500 0.29 0.29 0.032 12
4 39.87 100,00 100,00 11.043 4095
50.94 100.00 108800 11.043 4095
52.04 99.80 99.80 11.022 4087 ?
53.07° 7.79 7.79 0.860 319
59.89, 1.25 1.25 0/138 °© 51
60.95 " 3.74 3.71 0.410 152 ) 7.
. 62.01 422 4.22 0.467 173 S .
63.06 21.86 21.86 2.414 895
. 4409 " 1.83 1.83 0.202.. 75 [ o
. 74,99 1,07  1.07 0.119 44
© ' 73.04 10.55 10.55 1,165 432 |
- 74,06 32.41 32.41 3579 1327 s |
74,49 0.49  0.49 0.054 20 [
75.09 12.50 12,50 '1.381 512 : /
76.08 29.28 29.28. 3.233 1199 ¥ | [
N 76,35 0 3,88 3.88 (.429 159 / ’ <
77.06 100.00° 100.00 11,043 4095
N77.20 0.42- 0.42 0.086 17
77.38  0.39 " 0.39 0.043 14 \ . A
78.02 99.49 9949 10.987 4074  Table 22. Mass [spectra of scan number 107
78.41  0.24 0.24 0.027 40 e L . -
3 78.98 49.99 49.99 5.520 2047 of dondensed ‘fraction,
. 79.92 . 1.49 1.49 0.165 &1 =i

206.98° o0.22 0.22 0.024 9 <



- 105 -

AC3¥%4.124 RT 0: 1:42 06&6-JUN-84 TIC=618 AUTD-GAIN=1
CALGCH BASE INT.=1151 B/G SCAN=123 STATUS: 1E
- MSN1i372 MPD PROD X4 LR EI GCHS

MASS YHT . YHT . % ABS
BASE TIC HT.

. 445 17
. 602 23

22.44 | 1.48 0.42 0
2627 200 0.56 0

27.24 539 1.51-1

28,09 0.00 0.00 O

29.82  5.47 1.54 1.64 &3
'31.96  11.03  3.10 3

38.02 247 0.61 0
~38.94 3,39 0.95 4

39.85 278 0.78 0

67.07 252, 0.71 0.759 29 -
68,04 156 0.44 0,471 18 .
&£9.00 2.6% 0.76 0.8 31 .

. \
~ Table 23, Mass spectra of scan number 124 of

" condensed fraction.




. AC3¥4.129 RT 0: 1:46 04-JUN-84 TIC=841 AUTD-GAIN=1 1.4
CALGC1 BASE INT.=2214 B/G SCAN=128 STATUS: 1E "
MSN1372 MPD PROD X4 LR EI GCMS

MASS  WHT.  WHT. % ABS 8 .
MOD. BASE TIC  HT.
_o.sv?o.sa 0. 243 13 =
0007 0.00 0:000 0 .
10.12 5.47 4.192 224 o
- £.76 0.95 0.730 39 78 : R
” - 1.04  0.56 0.430 23 m 92
8.45. 4.57 3.499 187
= 0.84 0.44 0.337 18 CHy
2.48 1.34 1.029 55 -
0.77 0.42 0.318 17
2.62 1.42 1.085 58 4 ¥
3.5, 1.76 1.347 72
: 6,05 3.27 2.507 134
N 1.17 0.63 0. 487 26 )B - &
; 1.08~ .59 0.449 24 7
4 1.76 © 0.95 0.730 39 .
: 2,47 « 1.17 0.898 48 -
5 6.46 3.49 2.676° 143 ,
2,03 1.10 0.842 45
10.93  5.91 4.528 242 2 -
1.90' 1.03 0.78% 42 ’
0.41 ‘0.22 0.168 9 =
z 0.00 . 0.00 0.000 13 ~
0.59 .0.32 0.243 13 >
= 0.72 0.39 0.299 16 -—
1.40 0.76 0.580 31 .
0.68 . 0.37 0.281 15 s
0.54 0.29 0.2a5 12 ' ’
4.70 2.54 1.946 104
5 2.53. 1.37 1.048 56 ‘
. 0.86 0.46 0.356 19
0.72 0.39 0.299 16
£0.54 0.29 0.225 12 = .
0.77 0.42 0.318 17 . 3
0.54 0.29 0.2a5 12 v
100.00 54.07 41.430 2214 .
£65.00 35.14 26.927 1439 . .
5.96 3.22 2.470 432 : 5

Table 24. Mass spectra of scan number 129" .
of condensed fraction.
.

- - < 3




AC3%4,432
CALGCL

MASS —

25.30
25.28
a7.21
28.09
29.82

107.06
108.04

109,02

RT 0: 5:45 O&-JUN-84 A
B/G SCAN=431" STATUS» g
MSNi372 MPD PROD X4 LR EI GCMS

BASE INT.=4095

SHT . AHT . %
Mop. BASE TIC

0.114
0. 304
0.671
0.000
1. 646
0. 386

0.070
3.639
0.0a5
0.481
0. 354
0.0746
0. 215
0.101
2.019
4.772

-

b

-

.

i.114,

ABS
HT.

18
48
106

0.
260
61
176
i1
575
4
76
56

12.
34
1é
319
754
11
330
192
447

TIE=1370  AUTO-GAIN=1 3.1

Table 25. Mass spectra of scan number 432

of condensed fraction.




AC3%4. 443
|CALGCL

RT 0: 5:54, 04-JUN-84  TIC=942 AUTO-GAIN=1

BASE INT.=3951

MSN1372 MPD PROD X4 LR EI GCMS

MASS  UHT.
MOD.
.

a2.14  0.13
26.27 1.01
27.24 5.37
28.09 0.00
28.96 0.53
28.98 _ 4.99
29.82 “ 0.38
37.09  0.99
38.03 2.45
8.96 1.92
40.93 1.04
42.02  0.66
-~ 44.07 0.53
48.95 0.58
49.87 2.78
50.94 16.50
52.01  1.44
55.13  0.38
62.00 0.86
£3.05 1.82
£4.08 2.51
£5.10 1.37
7405 0.86
75.06  0.89
76,07  0.76
77.05,100. 00
78,02 7.59
78:99  0.15
88.98 0.33
.90.97  2.91
92.04  1.37
93.05  0.646
105.04 43.51
119.01 . 0.33
119.94  0.23
134.04  3.11

AHT, % aBs
BASE TIC — HT.
0.12 0.064 5
0.98 ©0.510 40
5.18 2.704 212 R
©.00 ©.000 o - e
0.51 o.268 a1 7
481 2.513 197 .
0.37 0191 15
0.95 0.497 39 : e
2.08 1.084 85
1.86 0.969 76
100 0.523 41
0.63 0.3312 2
0.51 ©0.288 21 -
0.55 ©0.393 23
2.9 1.403 110
15 ss2
1 57
0.37 15 #
o. 34
1. 72
a. .99
1. 54
o. 34
o. 35
0. 30
96. 2951
9. 300
o. s
ol 13
a. 115
1. 54
o. 26
41, 1719

To.32 0.466 13

.22 0.115 9
3.00 1.569 123
\ =

Table 26.' Mass spectra of scan number 443

of condensed fraction.

B/G SCAN=440 STATUS: 1E
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AT 0 614 06-JUN-84
BASE INT =40
ASN1372 WPD
*H * ass.
BASE TIC T

Snmmoowswwosovouhrosoonoco

“usbruoonoN

Tn

AUTO-GAIN=1L 2 1

7
95 . B/G SCAN=46s  STATUS 1E
PROD ¥4 LR EI GCHS ,

Table 27. Mass spectra of mcan nusber 469

of condensed fraction,




AR s P A NTAROA. T WS ¥
% ¢ ; ;
“Ac3xa. 506 RT 0: 6:43 0k~JUN-B4 , TICSS89 _AUTO-GAIN=1- %4
CALGCY BASE INT.=1511 B/G SCAN=503"  STATUS:4E
- MSNi372 MPD PROD Xl' LR, EI GCMS
MASS  %HT.  %HT. % aBs -
MOD. BASE TIC HT. -

0.42_ 0.463 17
0.24™ 0.272 10
.88 0.980 36
0.00 0.000 o
0.78 0.871 32 .
0.49 0.545 <20 -
0.37 0.408 15

38.03. 3! 1.27 1.416 52
g 38.96 4. 1.66 1.852 48 s v
42.02 0. 0.22 0.245 ? . . ¥
© 43,07 9. 3.52 3.922 144 g
49.87 9. 3.69 4.112 151
50.94 29.5B 10.89 12.146 446 L
T 52,04 278 1.03 1.144 42 .
60.95 079 9.29 0.327 12 x5
62.00 ' 0.79 0,29 0.327 M2
' 63.05 3,38 1.25 1.389 . 51 . N
64.08 2.85 1.05 1.171 43 Ll
3 65.10 . 2.58  0.95 1.062 ° 39 v
£6.09 0.60 0.22 0.245 9
68.95 1.19 0.44 0.490 18 ~
74.66 2.18 0.81 0.899. 33
.. 75.06 2.85 ..05 1.171 43
76.07 2.05 0.76 0.843 31
- 77.95 100.00 36.90 41.149 1511 e
78.03 4.90 1.81 2.045 74 /
88.02 0.79 0.29 0.327 12
90.97 (2.25 0.83 0.926 34
92.04 2.12  0.78 0.871 32
93.05 3.1 1.15 1.280 47
105.04 37.00 13.65 15.223 559
106.04  4.04  1.49 1.661 b1 & &
- 119.94 s5.82 2.5 2.397 88
206.94 0.86 0.32 0.354 13
. g
“ . Table 28. Mass spectra of scan number 506 /' :

of condensed fraction.




RT 0:12'19  04-JUN-84

BASE INT =2,

487
MSN1372 MPD PROD X4 LR

"

sroocoumne

no

Slcorocorolfucon

an

% a8s
TIC  HT

o 17, 21
21 155
o °

°
@
3
n

y
EH
5
3
w

™ 3
wi00000000URNRO0ON00000N SR N00000000WRE00000000ONNKG
N
o
°
3

B/G SCAN=930

Table 20. Mass spectra of scan number 936




AC3X4. 1515

CALGCL

" 'mass
26.28
27.22
28.09
34.10
37.09
38.03
38.96
40.93

'105. 02
106.02
415. 02
127.98
138.96
149.87
150. 92
151.95
152.98
154.01
166.98
181.97
182. 96
- 206,91

P

RT 0:19:51
BASE _INT. =354 -

" MSN1372 MPD PROD X4 LF: EI GCMS

%HT.
MOD.

" o.51
2.20
2.52
©.94
©.51
1.49

6

UN-B4 . TIC=694  AUTO-GAINSL
B/G.SCANS1511  STATUS:1E.. - .

#HT. % ABS '
BASE  TIC HT. 3
- ; [ - { N
0.32 0.241 Ik
1.391.037 56 -
1.59 1.{85 b4
0.60 0.444 24
0.32 0.2 i3 :
0.94 0.704 ECl C.HN
. 1.018 55 12"10"2 -
i 0.481 - = ms 182 °
i 0.130 7 - s
1.86, 1.389 75 5
12.80 9.554 516 ;U8
. 0,64 0.481 26 . o+ (
0.22  0.147 9 ,@ / —
0.89. 0,467 36 N=N"
0.89 " 0.667 36 ©/ gy
© 0,99 0.741 . @0
0.72 0.537 ' a9
0.357 0.259 14 5
- 70.30 o.222 . 12~ ° B
1.26 0,944 51 <z
63.05 47.065 2542 - . ’
3.79 2.833 153 ]
©.25 0.185 10 -7
0.62 0.463 a5 .
0.47 0.352 19 5
094 0.704 38 s "
13.47 10.054 543

"

Table

44 0.481 ' 26 =L g™
727 2.777 150 TS

03 ‘2.259  1p2 . K

69 0.5ig 28 L

77. 0.574. 3 . -

70 9.480 512 | s
56 1.1b6 " 63 -

32 0.244 - 137 &

30. Mass spectra of scan rumber 1515
. 5 .
of condensed £ractions

4




AC3%4. 212
CALGC1

MASS

-113--

' ;
RT 0: 2:54 06-JUN-84  TIC=471
BASE INT.=440 B/G SCAN=209
MSN1372 MPD,PROD X4 LR EI GCMS

UHT. . %HT. % ABS

oD BASE  TIC HT.

1.36 0.45 1.070 &
0.00 ©0.00 0.000 O
19.32. 2.08 15.152 a5

17.95 © 1.93 14,082 79

154.09 16, Sekbiioolk 678 .

. 2.95 0.32 2.317 13

4.55 .'0.49 3.565 20
2,95  0.32 2.317 13
2.50  0.27 . 1.961 11 .

100.00 10.74 78.431 440

4.55 0.49 3.565 20
0.45 , 0.05 0.357 2
3.64 0.39 2.852 16
2.27 ©6.24 11.783 10
2.73  0.29 2.139 12

AUTO-GAIN=1

STATUS: 1E

AN

KI‘HZ—CHZ—O.—CHf?HZ

OH

* Table 31. Mass spectra of scan number 212

. of condensed fraction.

&

0%

w106

OH

s
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acyie 275 WT 0: 3740 06-JUN-B4  TICZ2337  AUTO-GAIN=I 38
. caLsC BasE [t =avs B/G Scan=a7e ° STATUS: 1€
MSN1372 WPD PROD X4 LR EI .
MASS M. WT. "% ABs. ans
mon. msE Tt HT. WY
22.44 039 0.39°0.052 16 13
80

2531 074 071 0.0 29

’
75
8.2 128 .
‘5.18 212 s
PeR AR O
44,09 = 120
prae
45262 . 3

i .
4.08 " 15,60 15.40
4510 1402 1402 1.879

% i specera of scan nusber 75

Table 12, Ma

of condensed fraction.’
’

91 64 27 | ﬂ E'I o Dh 11




AC34 308
caLecs

9406

RT 0 4 & 0-JUN~

BASE INT =
HSN1372 WP
MT.XHT %
WOD. BASE  TIC
032 0132 007
037 037 0.08s
137 1.37 0.8
403 403 093
000 000 0 000

17.95

17.95

179

4095 5/6
D PROD X4 LR

735

nass.

Table 33

AUTO-GAIN=1 E
sTATUS 1E

XHT.  XMT

noD. s€  TIC

0.4 o 19
o2 o s
042 o 17
0.27 o 11
879 8 380
o8 o 3
083 o 34
o4 o 18
1.86 1 7

0.32 o 13
o2z o i

€ g
w9
L | S

Mas spectra of scan nusber 06

of condensed fraction.
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Appendix C

Listed below are the analytical results of each of the kinetic rups. All runs give
the initial conditions and the moles of products in the pon-condensable fraction. In
- addition runs 100 to 158 give the caleulated moles of products in the condensed frac-
tion as outlined below. 4
The prog;am below was written in basic on o Tandy 1200 computerto cilculate
the number of moles of each product in the condensed fraction for runs 100 to 158 in
the unpacked vessel. The assumption for this calculation was that the condensed
fraction for each run was all starting material. ) K
The inputs for the program where the run number (Ré'NS), Lhcf@im&f the
reaction’ (TIME), the Eémpernzure at which &hf reaction took place (TEMP), the-
number of moles per litre of 1-methyl-2-phenyldiazene (MPDA), the arca of the
peaks of products from l.hag:uz chromatograph, a‘nd the number of moles of nitrogen
and methane from the non-c;mdensable fraction.
The volume of liquid l-meth};l-Evpheny]dinzene in fil is then calculated by
LMPDA = 120 * 1000 * MPDA/0.9851 (1)

where 120 is the molecular weight of 1.methyi-2-§,henylaimne; MPDA is the
number of moles of leact‘ant; 0.9851 is the density of I-mcth;;l»z-phenyldiniune in
gm/ml; 1000 is the factor to convert from ml to pl.

The calibration factors gf four products from the gas chromatograph response
are then read. The fith product in-the condensable fraction, the mixed diazenes was

not available, therefore the factor was estimated'By ging the other

four.
The number of moles of each product was then calculated by

B(I) = A(l) * C(Ij * LMPDA/7 (2)




¢

- 117 =
where B(I) was the number of moles of product; A(I) was the area of the gas chroma-
tograph peak; C(I) was the calibration factor for the product LMPDA as defined
above; 7 was the volume of condensed fraction in pl injected onto the gas chromato-
4
graph.

Below is a listing of the program and the results calculated for the runs which

had data available.
» .

. Runs 1 to 75 were done using the packed vessel, volume 980.0 ml and the others

were doné using the unpacked vessel, volume 1007.4 ml, save for runs 218 to 230

which were in an unpacked vessel of 1,016 ml.
Moles of MPDA reported for runs 100 to 158 listed on the \computer print-out

are actually moles litre™L.

-




1@ REM "MATERIAL BALANCE OF RUNl"
W=1

3@ READ RUNS,TIME,TEMP,MPDA

31 IF W = 5 THEN LPRINT CHR$(12)

32IF W =75 THEN W = 1

5@ READ A(1),A(2),A(3),A(4),A(S)

7@ READ A(6) ,A(7)

71..0F TEMP = 250 THEN TEMP = 519.2 i
72 IF TEMP =26@ THEN TEMP = 529.4

73 IF TEMP = 270 THEN TEMP = 539.4

74 IF TEMP =.280 THEN TEMP = 549.2

75 IF TEMP = 298 THEN TEMP = 559!

76 IF TEMP = 3@@ THEN TEMP = 548.8

120%100@*MPDA/ . ‘msx
C(1) = 4E-0B "

92 C2) SE-@8.

94 C(3) = 3E-28 e

96 C(4) = 3.SE-28

98,C(5) = 2. sas—za

‘12@ FOR,I = ) N
110 B(YY = A(I) * t(ln LMPDA(J -
128 NEXT 1 ]

168 DA ='B(4)*134

170 NMA B(S)#95_

180 N2 = A(&) %28

190 CHA = A(7)*16

209 BC ‘= 72/7B¥BEN .
218 BH = [6/78#BEN : .
220/TC = 84/92%T0L - :
. 23@ TH = 8/92#TOL

248 AC = 72/93%ANIL

258 AH = 7/93*ANIL a :

268 AN S 14/93%ANIL

278 NC = 72/95%NMA

288 NH = 9/95%NMA ' ~
298 NN = 14/95*NMA

320 DC .= 96/134%DA

310 DH = 10/134%DA

320 DN = 28/134%DA

330 CC = .75%CH4 &

348 CH = .25%CH4

350 TTC = BC+TC+ACHNC+DC+CC

360 TTH = BH+TH+AH+NH+DH+CH_

370 TTN = AN+NN+DN+N2

'38@ LPRINT"RUN #" RUNS .

390 LPRINT

420 LPRINT'TEMP * TEMP - TIME". TIME
410 LPRINT

420 LPRINT “HPDR(mulas) " MPDA
430 LPRINT ) .




¢
i

440 LPRINT

45@ RCH = TTC/TTH
460 RCN = TTC/TTN
47@ RNH = TTN/TTH

PRINT "BENZENE (moles) “B(1)

499/LPRINT "TOLUENE (moles) “B(2)

500 LPRINT "ANILINE (moles) "B (3)

510 LPRINT “N-METHYL ANILINE(moles)"B(S)

520 LPRINT "DIAZENES (moles) "B (4)

530 LPRINT "NITROGEN(moles) "A(6) v

549, LPRINT "METHANE (moles) A7)

55@° LPRINT' .

Sea LPRINT )

650 W = Wt 1 '
691 hum%ﬁ

710 DATA

100 Am 290.0,1. 97~7£~4 8.4,0,14.85,5.2,6.175,2.584E-6, .
2.9011E-4 - )

720 DATA; »
. 102,800.5,290.0,1.498E-4,4.3,0. 14,29.9,7.25,8.94,3. 54266,
0.90716=8"

730.DATA

183,500. 4,290.0, 1. 5275—4;5.61.5.15.22.s.’m,s.vz.s.mxs-s,
1.268E-6 ¥

748 DATA

14,104, 4,290.0, 1. 513E-4,3.36,1.95,5. 1, 5.17,8.48,3. 33886,
1.422E-6

750

DATA
183,1000. 6,290.8, 1. 5186-4,3.78, .03, 10.8,6.67,6,96,3. 5566,
1.326E-6 ~
760 DATA
106,1100. 4,290.0, 1. SBEE-4,5.5,0. 18,20. 48,9. 84,9.3 3. 92766,
1.539E-6
7708 BATA
108,800.5,29%, @,1. 485E-4,3.96,0.04,23.32,6.09,8.4,3. 410E-6,
1.002E-6
780 DATA - 5
109,900.4,290.0,1.5026-4,2.91,0. 16,8.64,6.00,6.6,3.246E-6,
1.198E-5
799 DATA
1107808. 6,290.0, 1. 486E-4, 3. 315,0. 83, 14. 4,6. 22,7. 26,2.500E-6,
1.002E-6
800 DATA .
111,1212.2,290.0,1. 48564, 3. 66,0. 12,8. 12,7. 62,9. 83, 3. 463E~6,
1.384E-6
810 DATA s
112,800.3,290.0,1.497E-4,3.50,0. 10,4.90, 6. 17,4. 68, 2. 744E-6,
1.052E~6 v
820 DATA
113,1200.2,290.8, 1. 5496-4,3.42
1.279E-6 .

§30 DATA ’ B
114,1200.2,290.8,1. S83E-4,3. 93, 0. 12,6. 48, 18. 2,9. 6§, 3. 678E-6,
1.4956-6

-

89,8.56,9.97,7.90,3. 615E<6, ‘




N to=-120 -

848 DATA
117,1208,290.0, . 0801561 ,4. 16,8.11,5.25,9. 26, 11.96,41. ME—7.
15. i56-7

850 DATA
118,1200.8,290.0, 1. 488E-4,5.02
4.850E-6,

1.609E-6 b &
860 DATA °

119,1300.8,290.0,1. 478E-4,4. 16,
4.246E-6,

1.B42E-6

B87@ DATA

120,1300.%,290.8, 1. 498E-4,4.26,0. 13,11.22,8.66,10.41,

17,27.6,8.16,12.32,

PB,K.E&,XD. 47,9.23,

121,2001.@, 26E @,0.6680E-4,0.475,0,1.6,0.48,1.25,0. 3047E~4,
a. D‘WZIE &
898 DATA

.122,2p01.2,260.2,0: 9427E-4,0.56,8,3.29,0.55,1.42,0. 442EE—6,

a. E725EE—6
9@@ DATA
123,2000. B 2608.0,1.244E-4,0.58,0,5.50,1. 47 3.99,0.7222E-6,

@ 10176~

910 DATA %
124,2000.7;260.0,1.655E-4,0. 63,8, 4. 68, 0. b6,2.80, 1. 071E6,
@.:1536E-6 ~ :

920 DATA -

126,2000.7,260.0,2. 457E-4,0.44,0,3.48,0. 64,1.68,1. 147E-6,
@.1788E-6

938 DATA. 5 d
127,2000. 3,260.0,3. 1226-4,0.425,0,1.25,0. 44,1.44,1.373E-6,

129, 2mn 5,260.0,3.676-4,0.54,0,1.75,0.42,0.74,1.550E-6,
@. 27471

950 nnm

130,2000. 7,260.0,6.916E-4,0.43,0,3.0,0.46,1.55,3. 201E-6,

Q. 4345E-6

96@ DATA

131,2000.5,260.0,4. SZIE 4,0.50,0,11.9,0.36,3.77,2. :SSEE-E.
. 3165E-6 !

97@ DATA

132,3000. 4,260.08,1.5526-4,1.16,0,7.3,1.2,2.97,0. 9146E-4,

. 119666

98@ DATA
nss.mm.3.25\3.!5,1.5545-4,1&.35,{,1.49,m.sn.u.sn.u.sneza-e,
0.07830E-6

99@ DATA

134,2008.2,260.0,1. 5’61E—~4 a. 525 2,3.01,0.56,1.12,0.6100E-64,
. 122464 -

1000 DATA

135,4000. 4,260.0, 1. 557E-4,0.60,0,8.61,1. 44,4.05,0. 9852E-6,
. 144656




101@ DATA
136,6000.0,260.0,1.543E-4, 1. 98,0.@85,7. 24,2.86,5.98,
1.930E-6,
@.4113E-6
1828 DATA
137EB/BB.SZA¢B15655—424752“93&434954.
2.6256-6
0.52976-4
1832 DATA
138, 10420.3,260.0, 1. 561E-4,2.94,0.89,22.26,7.06,13.22,
3.2876%,
L719E-6
1042 DATA
139, 12000,260, 1 . S4E-4,2.60, . 83,26. 18,7. 82, 15.88,3.596E-6,
.B0AE-&
1852 DATA A
140, 4000. a‘zn 1.55BE-4,1.29,0;6.56,2.34,4.35, 1. 2555—-5.
0. 259266
1068 DATA
141,6000.3,250,1. 464E-4,.98,.05,8. 64,0.84,3.60, 1. - 864E-64-
91P1E-6
1870 DATA <
142,4000.3,250,2. S00E-4,.51,8,2. sa,.ss 1.24,,8900E-6,
1176E-6
188@ DATA
143,1800,270,2. 247E-4,.99,0,1.44,1.5,2.49,2.061E-6,
.4979E-6
1292 DATA
144,1500,270, 1. SOSE-4,.90,8,6.64,1.60,2.93,1.379E-6,
.2154E-6
118@ DATA
145,1800,270,1. 50864 ,.99,.03,3.84,1.5,2.85,1. 329646,
. 263566
111@ DATA
154,180@,270, 1. 696E-4,1.35,0,2.46,2.31,3.68,1. 61566,
.4255E-6
1120 DATA
146,1808,260 1. 479E-4,3.09,-09,9.25,6.57,7.5,3. 09166,
.9251E-8
1138 DATA
147,1809,280, 1. 906E-4,3.26,.18,6.
.9981E-6
114@ DATA
148, 15@0 280,1.589E-4,3. 18,.086,21.06,6.94,9.68,3. 637E-6,
. 9053E-
1150 nATa
155, 1800,260, 1. 598E-4,3. 17, . 09,4.46,5.74,7.32,3.088E-6,
1.1476-6 )
1168, DATA
156, 1608,260, 1. 969E-4,2. 98, . 06,3.24,5.75,7. 49,3.856E-6,
1.422E-6
1170 DATA
157,600,300, 1.431E-4,5.63, . 18,3.94,10.72,9. 47,4.087E-6,
2.186E-6

.\ ‘ 4

5,5.86,B.35,3.875E-6,

*
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1188 DATA &
158,600,300, 1. 690E-4,5.11,.18,3.64,6.00
2.371E-6
1200 END
.
. -
7
»
'
.
PR 4

19.62,4.963E-6,




RUN # 1
TEMP(K) 559.0
b
MPDA (mol/L) 0.00002318

NITROGEN (moles) 0.3431E-6
METHANE (moles) 0.05640E-8

RUN # 3
TEMP(K)  553.0
MPDA (mol/L) 0.0001073

NITROGEN (moles) 3.947E-6
METHANE (moles) 1.159E-6

.
RON # 4

TEMP(K)  559.0

HP})A (mol/L) 0.0001085
NITROGEN (moles) 4.191E(6
METHANE (moles) 1,228E-6

RUN # 8
TEMP(K)  559.0
MPDA (mol/L) 0.0002339

.NITROGEN (moles) 5.734E-6
METHANE (molées) 1.696E-6
.

RUN # 8
TEMP(K)  559.0
MPDA (mol/L) 0.0001786

+ NITROGEN (moles) 4.603E-6
METHANE (moles) 1.838F-6

TIME(s)

TIME(s)

TIME(s)

TIME(s)

TIME(s)

730.8

1722.0

.

1729.0

1012.0

1007.0
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RUN # 11
TEMP(K)  559.0 TIME(s) 1013.0
MPDA (mol/L) 0.00006728 ~

NITROGEN (moles) 2.113E-6 . \ .
METHANE. (moles) 0.5733E-6 E v

RUN # 15 S : B
TEMP(K)  559.0° TIME(s) 1012.2 '

MPDA (mol/L) A.0001556 . - s \

NITROGEN (moles) 3.858E-6
METHANE (moles) 1.011E-6

RUN # 17 d ol f
TEMP(K)  566.8 TIME(s) 613.1
MPDA (mol/L) 0-0001325

NITROGEN (moles) 4.484E-6
METHANE (moles) 0.9220E-6

"
RUN # 18 & ‘
TEMP(K)  568.8 TIME(s) 608.0 \ ;
HPDA {mol/L) 0.0001665 V3 >

) {

NITROGEN (moles) 5.228E-6
METHANE (moles) 1.640E-6 . .

#

RON # 19 o

TEMP(K) 568.8 TIME(s) 607.3
MPDA (mol/L) 0.0001011

ONITROGEN (moles) 3.568E-6
METHANE (moles) 0.8130E-6 .

v




RUN # 20

TEMP(K) = 668.8 ' - TIME(s) 6089
MPDA (mol/L). 0.00004492 - ’

NITROGEN (moles) 1.396E-6
METHANE (moles) 0:5047E-6

RUN # 21

TEMP(K)  568.8 o TIME(s) 608.9

MPDA (mql/l.)}o .00004907

NITPSGES (Joles) 2:003E-6
_ METHANE (mole-} 0.5362E-6

¢ -
RUN # 60 )
TEMP(K)  568.8 ) TIME(s) 607.1°
MPDA (mol/L) 0.0001435

NITROGEN (nolea‘) 4.300E-6
METHANE, (m6les) 1.057E-6

" RUN # 61 s
TEMP(K).  568.8 TIME(s) 604.6
MPDA (mbl/L) 0.00007249 ’

NITROGEN (moles) 2.256E-6" ¥
METHANE (moles) 0.6468E-6"

RUN # 26 ‘L c .
TEMP(K)  518.2.  ° . TIME(s) 5012.5
. . s

MPDA (mol4L) 0. 000“38 . " .

NITROGEN (fmoles) l 172E- G
METHANE (moles) 0.08794E-6




RUN # 27 82
TEMP (K) 529.4"
MPDA (mol/L) 0.0001337

NITROGEN (moles) 2.120E-6
METHANE (moles) 0.1813E-6

RUN # 28
TEMP(K) 529.4
MPDA (mol/L) 0.0001604 ,

NITROGEN (;noles) 3.459E-6
METHANE \(moles) 0.3467E-6

X

)
RUN # 29

TEMP(K) 529.4
MPDA (mol/L) 0.0001577

NITROGEN (molds) 5.340E-6
METHANE (moLes )0, 8226E-6
: %

RUN # 31
TEMP(K) 529.4
MPDA (mol/L) 0.0001644

" NITROGEN (moles) 1.765E-6

METHANE (moles) 0.1418E-6

RUN # 32
TEMP(K) $29.4 ‘-
MPDA (mol/L) 0.0001530 -

NITROGEN (moles) 1.702E-6 -

METHANE (moles) 0.1103E-8

¢

- 127 -

A

TIME(s)

TIME(s)

© TIME(s)

TIME(s)

AT

TIME(s)

7214.5

11019.8

15411.5

3620.0

3611.5




RUN # 35

TEMP(K) 529.4
MPDA (mol/L) 0,0001590

NITROGEN (moles) 1.571E-6
METHANE (moles) 0.1263E-6

RUN # 36
TEMP(K) 529.4
MPDA (mol/L) 0.0001690

NITﬁOGEN (moles) 0. 7538E 6
METHANE (moles) -0.07830E-6

RUN '# .39
TEMP(K) 529:4 ..
MPDA (mol/L) 0.0001560

NLTROGEN (moles) 0.6748E-6
METHANE (mqles) 0.04903E- 6

RON ¥ 40

TEMP(K) 529.4

MEDA (mol/L) 0.0001541 \
WITROGEN (moles) 1.387E-6

METHANE (moles) 0.08669E-6

RON # 45
" TEMP(K) 529.4 )
- MPDA (mol/L) 0.0001604

“NITROGEN (moles). 1.377E-6
METHANE (moles) 0.03128E-6

TIME(s) 3615.7

TIME(s) 1815.7

TIME(s) 1814.8

’TIME(:) 1809.5




RUN # 46
TEMP (K) 529.4
MPDA (mol/L) 0.0001854

NITROGEN (moles) 1.309E-6
METHANE (moles) 0.02950E-6

RUN # 47

TEMP(K) 529.4 o
,

MPDA (mol/L) 0.0001556

NITROGEN (moles) 1.081E-6
METHANE (moles), 0.03477E-6

LRUN # 48
. TEMP(K) 528.4

MPDA (mol/L) 0.0001553
‘NITROGEN (moles) 1.360E-6
METHANE (moles) 0.02806E-6
RUN # 49

TEMP (K) 529.4

MPDA (mol/L) 0.0001668

NITROGEN (moles) 2.862E-6
METHANE (moles) 0.05535E-6

RUN # 50
TEMP(K) 529.4
MPDA (mol/L) 0.0002737

NITROGEN (moles) 4.074E-6
METHANE (moles) 0.1103E-6

=129 -

TIME(s) 1812.1

TIME(s) 1811.6

TIME(s) 1821.5

TIME(s) 3609.8

\

)

TIME(s) 3622.2
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RUN # 51 N
TEMP(K) 529.4 TIME(s) 7015.6
MPDA (mol/L) 0.0001585 '

NITROGEN (moles) 3.B4BE-6
METHANE (moles) 0.1576E-6

RUN # 52
TEMP(K) 528.4 - TIME(s) 7012.6
MPDA (mol/L) 0.0001638

NITROGEN (moles) 3.885E-6 .
<METHANE (moles) 0.1891E-6

RON # 53 )
TEMP(K) 529.4 = TIME(s) 5019.1.
MPDA ‘(mol/L) 0.0001576

NITROGEN (moles) 2.703E-6 ,
METHANE (moles) 0.1418E-6

RUN # 54
TEMP(K) 529.4 ’ ’ TIME(s) 5005.2
MEDA (mol/L) 0.0001684

NITROGEN (moles) 3.086E-6
METHANE (moles) 0.1723E-6

RUN # 55
TEMP(K) 529.4 . TIME(s) 1810.9
MPDA (mol/L) 0.0001553

NITROGEN (moles) 1.307E-6
METHANE (moles) 0.05B04E-6
‘
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RUN # 56 4
TEMP(K) 528.4
MPDA (mol/L) 0.0001568

NITROGEN (moles) 5.337E-6
METHANE (moles) 0.3795E-6

RUN # 57 .
TEMP(K) 529.4
MPDA (mol/L) 0.0001584
NITROGEN (moles) 5.986E-6
METHANE (moles) 0.5333E-6

& A
RUN # 58
TEMP (K) 529.4
MDA (mol/L) 0.0001619

NITROGEN (moles) 3.050E-6
METHANE (moles) 0.2522E-6

RUN # 58
TEMP(K) 529.4
MPDA (mol/L) 0.0002669

NITROGEN (moles) 2.671E-6
METHANE (moles) 0.2183E-6

RUN # 71
TEMP(K) 529.4
MBDA (mol/L) 0.0003793

NITROGEN (moles) 11.51E-6 :
METHANE (moles) 1.033E-6

ST
12010.2
. J "
.
15011.1
6504.1
3010.7
8204.7 " N




RUN # 72
TEMP(K) 529.4
MPDA (mol/L) 0.0007825

NITROGEN (moles) 4.078E-6
METHANE (moles) 0.2445E-8

RUN # 73
TEMP(K) 529.4
MPDA (mol/L) 0.0007165

NITROGEN (moles) 10.60E-6
METHANE (moles) 0.8842E-6

RUN # 74
TEMP (K) 529:4
MPD.B (mgl/L) 0.0004586

NITROGEN .(moles) 6.651E-6
METHANE (moles) 0.2923E-6

RUN # 75
TEMP(K) 529.4
MPDA (mol/L) 0.0007261

NITROGEN (moles) 5.445E-6
METHANE (moles) 0.3725E-6

RUN # 63
TEMP(K) 549.6
MPDA (mol/L) 0.0001536

NITROGEN (moles), 3.313E-6
METHANE (moles) 0.4349E-6

-132 -

TIME(s) 1806.5

TIME(s) 3608.1

TIME(s) 2409.5

fIME(s) 2406.1

TIME (s) 1510,8/




RUN # 64
TEMP(K) 549.6 - TIME(s) 1206.4
MPDA (mol/L) 0.001188

NITROGEN (moles) 20.00E-6
METHANE (moles) 3.271E-6

RUN # 65 "
TEMP (K) 549.? § TIME(s) 906.1
MPDA (mol/L) 0.001140

NITROGEN (moles) 16.81E-6
METHANE (moles) 2.77BE-6 -

"RUN # 68
TEMP(K) 539.4 TIME(s) 2108.5
MPDA (mol/L) 0.0001557

NITROGEN (moles) 2.252E-6
METHANE (moles) 0.2844E-6

RUN # 69
TEMP (K) 539.4 TIME(s) 1810.5
MPDA (mol/L) 0.001082 ‘ '

NITROGEN (moles) 12.69E-6 =
METHANE (moles) 1.916E-6

RUN # 70
TEMP (K) 539.4 ) TIME(s) 1804.9
MPDA (mol/L) 0.Q008150

NITROGEN \(moles) 10.46E-6
METHANE (moles) 1.3233E-6




RUN # 76

TEMP(K) 558.0
MPDA (mol/L) 0.0001148

NITROGEN (moles) 2.5B4E-6
-METHANE (moles) 0.9011E-6

RUN 8 77
TEMP(K) 559.0
MPDA (mol/L) 0.0001678

NITROGEN (moles) 3.256E-6
‘METHANE (moles) 1.783E-6

RUN # 78
TEMP(K) 558.0
MPDA (mol/L) 0.0001396,

NITROGEN (moles) 3.116E-6
METHANE (moles) 1.554E-6

)

RUN # 79

TEMP(K) 559.0 *

MPDA (mol/L) 0.0001220

NITROGEN (moles) 2.870E-6
METHANE (molés) 1.312E-6

RUN # 83 .
, TEMP(K) 559.0
MPDA (mol/L) 0.0001764

'NITROGEN (moles) 4.466E-6
HETHANE (moles) 1.404E-6

TIME(s)

TIME(s)

TIME(s)

TIME(s)

TIME(s)

1009.

1005.

1002

1001.

1001.




RUN ¢ 85

TEMP(K) 559.0

MPDA (mol/L) 0.0002110

NITROGEN

METHANE

RUN # 86

(moles) 4.210E-6
(moles) 1.627E-6

TEMP(K) 559.0

MPDA (mol/L) ©.0002482

NITROGEN
METHANE

\
\
RUN # 87

(moles) 5.550E-6 *

(moles) 2.135E-6

TEMP(K) 559.0

MPDA (mol/L) 0.0001816

NITROGEN

METHANE

RUN # 88

(moles) 3.684E-6
(moles) 1.300E-6

TEMP(K) 559.0

MPDA (mol/L) 0.0001602

NITROGEN
METHANE .

RUN # 89

(moles) 4.191E-6
(moles) 1.494E-6

TEMP(K) 559.0
MPDA (mol/L) 0.0001375

NITROGEN
METHANE

(moles) 3.304E-6
(moles) 1.241E-6

TIME(s)

TIME(s)

TIME(s)

TIME(s)

TIME(s)

1026.7

1001. 4

1001.1

1001. 1

1000.8




RUN # 90

TEMP(K) 559.0
MPDA (mol/L) 0.0001174

NITROGEN (moles) 2.867E-6
METHANE (moles) 1.003E-6

RUN # 91
TEMP(K) 559.0 .
MPDA -(mol/L) 0.00009771

NITROGEN (moles) 2.404E-6
METHANE ‘' (moles) 0.8697E-6

" RUN # 92

TEMP(K) 5569.0
MPDA (mol/L) 0.00008360

NITROGEN (moles) 1.658E-6
METHANE (moles) 0. 5525E-6

RUN # 93

TEMP(K) 669.0

MPDA (mol/L) 0.00007146

NITROGEN (moles) 1.664E-6
METHANE (moles) 0.6151E-6

RUN ¥ 94
TEMP(K) 559.0
MPDA (mol/L) 0.0000429%4

NITROGEN (moles) 1.042E-6
METHANE (moles) 0.2943E-6

TIME(s) 1001.

TIME(s) 1000.

-

TIME(s) 1001.

TIME(s) 1000.

A

~

TIME(s) 1000.

-

S

o

S

K3
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RUN # 95 ;
TEMP(K) 559.0 TIME(s) 1000.4
MPDA (mol/L) 0.0003776 . ] -

NITROGEN (moles) 9.933E-6 "
METHANE (moles) 4.043E-6

RUN # 96

TEMP¢K) 569.0 " TIME(s) 1000.7
.

MPDA (mol/L) 0.0002520

NITROGEN (moles) 6.940E-6
METHANE (moles) 2.127E-6

RUN # 97
TEMP(K) 559.0 TIME(s) 1000.9
MPDA (mol/L) 0.0005522

NITROGEN (moles) 13.46E-6 iz
METHANE (moles) 5.647E-6

RUN # 99
TEMP (K) 5659.0 4 : TIME(s) 600.3
MPDA (mol/L) 0.0001484

NITROGEN (moles) 1.953E-6
METHANE (moles) 0.6325E-6

- .
RUN # 202 5

TEMP(K) 549.8 -3 TIME(s) 903.3
MPDA (mol/L) 0.0004742

NITROGEN (moles) 4.789E-6 _ ¢
METHANE (moles) 1.748E-6 .

i gy




RUN # 203

TEMP(K) 518.2
MPDA (mol/L) 0.0001767
NITROGEN (moles) 1.172E-6

METHANE ° (moles) 0.09421E-6

RUN # 205
TEMP(K) 568:8
MPDA (mol/L) 0.0001483

NITROGEN (moles) 3.939E-6
METHANE (moles) 1.698E-6

RUN # 206
TEMP(K) 5598.0
MPDA (mol/L) 0.0005831

NITROGEN (moles) 15.72E-6
METHANE (moles) 6.377E-6

RON # 207

TEMP(K) 559.0

HPDA (mol/L) 0.0009145

N'ITROGEN%olaa) 26.87E-6

METHANE (moles) 8.192E-6
™ -

RUN # 208

TEHP(K“ 659.0

MPDA (mol/L) 0.001044

NITROGEN (moles) 29.7BE-6

METHANE (moles) 8.454E-6
\ .

TIME(s) 7548.6

TIME(s) 600.2

TIME(s) 1000.1

TIME(s) 1000.1

TIME(s) 1000.2

~
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RUN & 100
TEMP 559 (TINE &00

MPDA(mol es) .D001979

BENZENE (moles) 1. 157145E-06
TOLUENE (moles) ]
ANILINE (moles) © . 1.S534251E-06
N-METHYL ANILINE (moles) 5.486627E-07
DIAZENES (moles) 6. 267871E~-07
NITROBGEN (moles) 2.S84E-06
J METHANE (moles) _9.@11E-07
: RUN # 102
TEMP 559 TIME B00.5
MPDA(moles) .0@@1498 4
! BENZENE (moles) 4.483748E-07
; TOLUENE (moles) 1.824789E-08
: ) ANTLINE (moles) 2. 33B337E-06 %
N-METHYL ANILINE (noles) 6&.@12733E-07
DIAZENES (moles) 6. 614862E~07
NITROGEN (moles) 3.5426-06
i METHANE (moles) 9.@71E-07
i
RUN # 103
TEMP SS9 TIME 900.4

3, MPDA (noles) .2@01527

BENZENE (moles) / 5.962999E-07

“ TOLUENE (moles) 1.992981E-08
ANTLINE (moles) 1.817599E-06
N-METHYL ANILINE (moles) &.B801809E-a7
DIAZENES (males) 7.998497E-07 $
NITROGEN(moles) 3. 7D1E-06
METHANE (moles) 1. 26BE-06




RUN # 104 .
TEMP 559 TIME 1004.4

MPDA (moles) .2021513
. . .

BENZENE (moles) . 3.538678E-07

TOL UENE (moles) 2.5671226-87
ANILIRE (moles) . B2B405E-07
N-METHYL ANILINE(moles) S.896323E-07
DIAZENES (moles) 4.764315E-07
NITROGEN (moles) - 3.33\E-06
METHANE (moles) A 1.8226-06
RUN # 1@5

TEMP 559 TIME 1@00.6

MPDA(noles) .@@A1518

BENZENE (moles) 3. 994169E~07

TOL.UENE (moles) 3.96247E-09
ANILINE (moles) 7.924938E-07
N-METHYL ANILINE (moles) 4.743552E-@7
DIAZENES (moles) 8. 200991E-@7
NITROGEN (moles) - 3.SSE-86
METHANE (moles) 1. 326E-06
RUN # 106

TEMP S59 . TIME 1100.4

MPDA(moles) .D001506

BENZENE (moles) 5.556819E-07

TOLUENE (molas) . 2.358488E-08
ANILINE (moles) 1.625922E-06
N-METHYL ANILINE(moles) &.28826E-07
DIAZENES (moles) *~ 9.@2591E-07
NITROGEN (moles) ' 3.927E-86
METHANE (moles) 1.S396-06
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»
RUN # 108
TEMP 559 TIME 800.5

MPDA(moles) .0001483

BENZENE (moles) 4.08789E-07
TOLUENE (moles) ~. 5.161477E-09
ANILINE (moles) 1.80548SE-86

- N-METHYL ANILINE(moles) 5.592977E-@7
DIAZENES (mol es), 5. S00B44E-07
NITROGEN (moj e 3.41E-06
METHANE (mol es) 1.002E-06
i
RUN # 109 *
TEMP 559 TIME 900.4

MPDA(moles) .0001502

BENZENE (moles) 3.042466E-07
TOLUENE (moles) 2.091042E-28
ANILINE (moles) &.774976E-07
N-METHYL ANILINE (moles) 4.450783E-@7
DIAZENES (moles) 5.4889B4E-07
NITROGEN (moles) 3.246E-06
METHANE (mol es) 1.198E-06

RUN # 11@

TEMP 559 TIME B@@.6 4

MPDA (moles) .00@1486

BENZENE (mol es) 3.428982E-07
TOLUENE (moles) * .3.878939E-09
ANILINE (moles) 1.117134E-06

N-METHYL ANILINE(moles) 4.B843709E-@7
DIAZENES (moles) 5.A30515E-07
NITROGEN (moles) « 2000025
METHANE (moles) 1.002E-06




RUN ‘# 111

TEMP 559 TIME 1212.2

MPDA(moles) .0201485

BENZENE (moles) '
TOLUENE (moles) ',
ANILINE (moles)

DIAZENES (moles) 8.7010

NITROGEN (molés) 3.463E-06

* METHANE (mol es) 1.384E-06
RUN'# 112

_TEMP 559 TIME B2@.3

MPDA(moles) .0@@01497

BENZENE (moles)
TOLUENE (moles)

DIAZENES (moles)

NITROBGEN (moles) 2.744E-06
METHANE (moles) 1.052E-046
RUN, # 113

TEMP S59 TIME 1200.2

MPDA(moles) .0001549
& L .
it
BENZENE (moles)
TOLUENE (moles)
ANILINE (moles)

DIAZENES (moles) o7 406272E-07
NITROGEN (mol es) _ 3.615E-06
-p6

METHANE (moles) 1.279€

3.783297E-07
1.550532E-028
A 6.295158E-07
N-METHYL ANILINE(moles) 6&.553942E

P

3.647143E-07
" 1.302551E-08
ANILINE (moles) 3.8295E-87

N=METHYL ANILINE(moles) 3.145504E-B7
& 5.62571BE-07

3.687571E-07
1.213017E-28
6.922283E-07
N-METHYL - ANILINE (moles) 5.494158E-87
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£
RUN # 114
'
TEMP 559 TIME 1200.2
MPDA(moles) .B0R1583
BENZENE (moles) 4.111634E-07
TOLUENE (moles) 1.569326E-08
ANILINE (moles) 5.884616E-07
N-METHYL ANILINE(moles) &.532162E-07
DIAZENES (moles) 9.337488E-07
NITROGEN (moles) 3.878E-86 .
- METHANE (moles) 1.485E-06 .
<
Y -
RUN # 117
.
TEMP 559 TIME 1200
MPDA(moles) .@@81561 P ¥ P
: b
: BENZENE (moles) 4.520215E-07
TOLUENE (moles) 1.494061E-08\
ANILINE (moles) 4.278449E-07 |
N-METHYL ANILINE(moles) B8.38217SE-07- .
3 DIAZENES (moles) 8.804096E-07
NITROGEN (moles) 4.109E-04°
METHANE (moles) 1.S15E-06
RUN # 118
TEMP 559 - TIME 1200.8

MPDA(moles) .2001488

BENZENE (moles) . 5.199595E-07
TOLUENE (moles) 2.201024E-08
ANILINE (moles) ©. 2.144B56E-06
N-METHYL ANILINE(moles) B.23069E-87

H DIAZENES (moles) 7.395439E-07 -
NITROGEN(moles) 4.85E-26
! METHANE (mol es) © . 1.609E-@6
. 2.
\




L
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*

“RUN # 119

TEMP S59 v TIME 1300.8

MPDA(moles) .B001478

BENZENE (moles) 4.279871E-07
TOLUENE (moles) 1.0@268815E-08
ANILINE (moles) . 2.97832E-07 £
N-METHYL ANILINE(moles) &.124B97E-Q7 %
DIAZENES (moles ' | 9. 425233E-07 =
NITROGEN (moles) 4.246E-06 . A
METHANE (moles) 1.B42E-06 ¥
-
RUN # 120
TEMP 559 p TIME 1300.9 .

MPDA(moles) .0@01498

BENZENE (moles) 4.442059E-87
TOLUENE (moles) 1.694447E-08
ANILINE (moles) B.774631E-07
N-METHYL ANILINE (moles) 7.@014R4E-B7 N
DIAZENES (moles) 7.901338E-07
NITROGEN (moles) 4.49BE-0&6 X
METHANE (males) 1.848E-06
RUN # 121
TEMP 529.4 TIME 2081

MPDA (moles) .0Q0068

BENZENE (moles) 2.248358E-08

TOLUENE (moles) * 2

ANILINE (moles) 5. 680062E-08
"N-METHYL ANILINE (moles) 3.816291E-28

DIAZENES (mdles) 1.988022E-08

NITROGEN (mbles) 3.@47E-Q7

METHANE (moles) 4.921E-08

SR |



/ .
.
RUN # 122 B .
TEMP  26@.2 TIME 2081.2
- N
MPDA (moles) 9.427E-85
BENZENE (moles) 3.674722E-08
TOLUENE (moles) ]
ANIL INE (moles) 1.619174E-07
N-METHYL ANILINE(moles) 6.01@138E-08
DIAZENES (moles) s 3.157964E-08 . :
NITROBEN (moles) 4.42E-07 F
METHANE (moles) 7.25E-08
RUN # 123
TEMP 529.4° - TIME 2000.8 5
MPDA (moles) .@001244 J X ‘
BENZENE (moles) 5.0224E-08
! TOLUENE (moles) [
! ANILINE (moles) 3.571965E-07
/ N-METHYL ANILINE(moles) 2.228517E-87
/ DIAZENES (moles) 1.113804E-07
NITROGEN (moles) 7.222E-@7
., METHANE (moles) © 1.17E-07
RUN # 124
- TEMP 529.4 TIME 2000.7

MPDA (moles) .@@01853

BENZENE (moles) ¥ 8. 126038E-08

TOLUENE (mol es) a

ANILINE (moles) 4.527364E-07

N-METHYL ANILINE(moles) 1.6463903E~-@7

DIAZENES (moles) 7.448B49E-08

NITROGEN(moles) 1.071E-06 . '

METHANE (moles) 1.536E-087




RUN # 126

TEMP 529.4

MPDA(moles) .0002457

BENZENE (moles)
TOLUENE (moles)

ANILINE (moles)
N-METHYL ?{INE(MD]ES)

DIAZENES (fioles)
NITROGEN (moles)
METHANE ‘ol es)

RUN # 127
TEMP 529.4

- BED3}22
K

' BENZENE (moles)
TOLUENE (moles)
AN ILINE (moles).
N-METHYL ANILINE (moles)
DIAZENES (moles)
NITROGEN (moles)
METHANE (moles)

* MPDA(moles)

3

RUN # 129
_TEHP 529.4

MPDA (moles) .@00367

BENZENE (moles)

TOLUENE(moles)

ANILINE (moles)

N-METHYL.. ANIL INE (moles)
. DIAZENES (moles)

NITROGEN (moles)

METHANE (moles)

TIME 2000.7

7.525246E-08
4 3

4.463B39E-07
1.853263E-07
9.577586E-08
1.147E-04
1.788E-@7

TIME 2000.3

'? - 2346016E-08

2. @37356E-07
2.@1845E-07
8. 364744E-08
1.373E-06
2.482E-87

TIME 2000.5

1.379503E-07 '
o -

3. 352959E-07
1.219328E-07
9. 388284E-08
1.55E-06
'2.7676-07
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RUN # 130
TEMP S529.4 TIME 2000.9

MPDA (moles) 6.916001E-04

BENZENE (moles) 2.070074E-07
TOLUENE (moles) ]
ANILINE (moles) 1.083179E-06
N-METHYL ANILINE(moles) 4,812927E-07
DIAZENES (moles) 1.93768BE-07
NITROGEN (moles) 3.201E-06
HﬁHRNE (moles) 4.345E-07
RUN # 131 n
TEMP 529.4 TIME 2000.5

MPDA (moles) .@@04321

BENZENE (mol es) 1.5@83874E-07
TOLUENE (moles) ~ ]
ANILINE (moles) 2.6B445E-06
N-METHYL ANILINE(moles) 7.313887E-@7
DIAZENES (moles) .474531E-08
NITROGEN (moles) 2.358E-B6
METHANE (moles) 3.165E-07
RUN # 132

TEMP 529.4 TIME 3000.4

MPDA (moles) .0001552

BENZENE (mol es) 1.253178E-07
* TOLUENE (mol es) [ .
ANILINE (moles) 5.914783E-07
N-METHYL ANILINE(moles) 2.069526E-07
DIAZENES (moles) 1.134342E-07
NITROGEN (moles) ?.146E-07
METHANE (mol es) N 1.196E-07




RUN # 133

TEMP 529.4 TIME 1220.3

MPDA(moles) .0001564

BENZENE (moles) 3.810374E-08
TOLUENE (mol es) “e
ANILINE (moles) 1.208433E-07
N-METHYL. ANILINE (moles). 3.518988E-08
DIAZENES(moles) . 2.857781E-08
NITROGEN (moles) © 3.@62E-87
METHANE (mol es) +7.836-28
RUN-# 134
TEMP  529.4 TIME 2000.2

Iﬂ"l’(mles) - 8021561

BENZENE (moles) 5.704598E-08
TOLUENE (moles) 2
ANILINE (moles) 2.452977E-07
N-METHYL ANILINE(moles) 7.849527E-08
DIAZENES (moles) 5.324292E-08
NITROGEN (moles) 6. 1E-07
METHANE (mol es) 1.224E-07
RUN # 135
TEMP 529.4 TIME 4000.4
MPDA(moles) .@80081557 )
BENZENE (mol es) B8.670447E-08
TOLUENE (moles) a
ANILINE (moles) _ 6.998676E-07
N-METHYL ANILINE (moles) 2.831172E-07
DIAZENES (moles) . 1.365595E~07
NITROGEN (moles) 9.852E-07

METHANE (moles) 1.646E-07
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RUN # 136

TEMP  529.4 TIME 6@
MPDA (moles) .0001543 N
BENZENE (moles) 2.12664E-07
TOLUENE (moles) 1.141189E-08
ANIL INE (moles) 5.67104E-07 -
N-METHYL ANILINE(moles) 4.14276E-87
DIAZENES (moles) 2.687837E-07
NITROBEN (moles) 1.93E-04
_ METHANE (moles) 4.1136-07

)
RUN- # 137
TEMP 529.4 TIME B@@O.3 '

MPDA(moles) .00@1566

BENZENE (moles) : 2.697925E-07

TOLUENE (mol es) 8.175531E-09
ANILINE (moles) 7.652296E-07
N-METHYL ANILINE (moles) &.707S532E-@7
DIAZENES (moles) 4.139543E-07
NITROGEN (moles) 2.625E-06
METHANE (moles) 5.297E-07

RUN # 138

TEMP 529.4° TIME 10420.3

MPDA(moles) .@@01561

BEN'ZENE(mulEE) 3.194575E-07 2

TOLUENE (moles) 1.222414E-08
ANILINE (moles) 1.814062E-06
N-METHYL ANILINE (moles) 9.265245E-07
DIAZENES (moles) 6.712411E-07
NITROGEN (moles) 3.287E-06
METHANE (moles) 7.19E-07
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RUN # 139
TEMP 529.4 TIME 12000

MPDA (moles) .@d0154

BENZENE (moles) 3.001523E-07
TOLUENE (moles) 4.019897E-09
ANILINE (moles) 2.10481BE-R&6
N-METHYL ANILINE(moles) 1.@42645E-@&
DIAZENES (moles) 7.334972E-07
NITROGEN(moles) 3.5966-06
METHANE (moles) 8.009E-07
RUN # 140

TEMP 529.4 TIME 4000.5

MPDA(moles) .Q0@1558

“\BENZENE (moles) 1.399007E-07
TOLUENE (moles) L]
ANILINE (moles) . 5.335749E-07

N-METHYL ANILINE (moles) 3.042841E-07

DIAZENES (moles) . 220518E-07
NITROGEN (moles) 1.253E-Rb6
METHANE (moles) 2.592E-07
RUN # 141
TEMP 519.2 : TIME 60@8.3 "
MPDA(moles) .0001464
BENZENE (moles) 9.171628E-08
TOLUENE (moles) &6.3469187E-09
,"ANILINE(mnlas) 6.603572E-07
N-METHYL ANILINE(moles) 2.497)¥4E-07
DIAZENES (moles) 7.490162E-08
NITROGEN (moles) 1.464E-06

METHANE (moles) 9. 191E-07
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RUN # 142
TEMP S519.2° TIME 4020.3

MPDA(moles) .00025

BENZENE (moles) B8.875@98E-08
TOLUENE (moles) ] ;
ANILINE (moles) 3.445626E-07
N-METHYL ANILINE (moles) 1.391824E-07
DIAZENES (moles) 5.@224871E-08
NITROGEN (moles) ? 8.96-07,
I‘IETHME(MA:IE;) 1.176E-07

RUN # 143

TEMP S39.4 TIME 1820

MPDA (moles) .0002247

BENZENE (sfoles) 1.548464E-07
A E Moles) [
ANILINE (moles) 1. 6B9234E-07
N-METHYL ANILINE (moles) 2.512031E-07
DIAZENES (moles) 2.052888E-07
NITROBEN (moles) 2.@61E-06
METHANE (moles) 4.979E-07
RUN # 144
TEMP S539.4 TIME 1500

MPDA (moles) .@001505

BENZENE (males) 9.428484E-08
TOLUENE (moles) 2

ANILINE (moles) 5.217095E-07
N-METHYL ANILINE(moles) 1.97982SE-07
DIAZENES (moles) 1.466653£-07
NITROGEN (moles) 1.379E-06
METHANE (moles) 2.154E-07




RUN # 145 N s -

TEMP 539.4 TIME 1800
MPDA(moles) .00015@8

\ .
BENZENE (moles) 1.039201E-07

TOLUENE (moles) ~ 3. 936ILLE-09
ANILINE (moles) 3.823129E-087
N-METHYL ANILINE (moles) 1.929407E-87
DIAZENES (moles) 1.377728E-@7
NITROGEN (moles) 1.329E-06
METHANE (moles) 2.635E-07

RUN # 154 J

TEMP S539.4 TIMNE 1800 (

MPDA(moles) .0@81696
.

BENZENE (moles) 1.593759E-87
TOLUENE (moles) 1]
ANILINE (moles) 2.178137e-07
N-METHYL ANILINE (moles) 2.B8@2181E-87
DIAZENES (moles) 2.38621E-087
NITROGEN (moles) 1.615E-06
METHANE (moles) 4.255E-07
RUN # 146
TEMP 549.2 TIME 1800

MPDA (moles) .d001479

BENZENE (moles) 3.0@88534E-07
TOLUENE (moles) 1.1582e-28
ANILINE (moles) 7.142234E-07

* N-METHYL~ANILINE (moles)s 4.980261E-07

DIAZENES (mol es) .. 5.918403E-07 ,
NITROGEN (mol es) @91E-B6
METHANE (moles) 72515—!!7




RUN # 147
TEMP  549.2 TIME 180@

MPDA(moles) .0@019@&6
N

BENZENE (mol es) 4.325172E-07

TOLUENE (mol es) 1.6458425E-08
ANILINE (moles) 6.0200682E-07
N-METHYL ANILINE(moles) 7.14549E-07
DIAZENES(moles) . &.B0285BE-07
NITROGEN(moles) 3.B75E-06
MEJHANE (moles) 9. 980999E-07
RUN # 148 h

TEMP  549.2 TIME 1800

MPDA(moles) .02001589

BENZENE (moles) % 3.5173346E-07
TOLUENE (moles) 8.2956@5E-09
ANILINE (moles) 1.747054E-06
N-MET) ANILINE (moles) 6.9@05925E-@7
DIAZENES (moles) 6.716674E-07
NITROGEN (moles) 3.637E-06
METHANE (mol es) 9.853E-27

RUN # 155

TEMP S549.2 IME 1800

MPDA(moles) .0@01598 ' !

BENZENE (moles) é. 5?61‘3"55—57
TOLUENE (moles) 1.251389E-08
ANILINE (moles) 3.8B7647E-07
N-METHYL .ANILINE (moles) S.251828E-87
DIAZENES (moles) 5.584754E-07
NITROGEN (moles) 3.0BBE-0&

METHANE (moles) 1.147E-06

i
“

i

i




RUN' # 156 /

TEMP 549.2 / TIME 18@@

‘MPRA (moles) .00@1969

BENZENE (moles) 4.0@B4346BE-07

TOLUENE (moles 1.@27945E-08
. ANILINE (moles) 3.330542E-07
N-METHYL ANILINE(moles) &.&214@SE-87
DIAZENES (moles) &.895798E-07
NITROGEN (moles) 3.856E-06
METHANE (moles) 1.422E-06
RUN # 157 o,
TEMP 548.8 TIME 600

MPDA (moles) .0001431

BENZENE (moles) 5.B807257E-07
TOLUENE (moles) 2.241223E-08
ANILINE(moles) 2.943473E-07
N-METHYL ANILINE(moles) &.212819E-87
DIAZENES (moles) 9.34340BE-07
NITROGEW (moles) 4.087E-06
METHANE (moles) 2. 106E-B6

RUN # 158

TEMP 568.8 TIME 608

MPDA (moles) .200169

BENZENE (moles) 6.01133E-07
TOLUENE (moles) 2.646847E-08
ANILINE (moles) 3.211532E-07
N-METHYL ANILINE (moles) 7.299353E-07
DIAZENES (moles) 8. 2344698E-07
NITROGEN (moles) 4.963E-06
METHANE (mbles) 2.371E-06
7




KUN # 159
TEMP(K) 559.0
MPDA (mol/L)‘ 0.00002604

NITROGEN (moles) 0.6583E-6
METHANE (moles) 0.1160E-6

RUN # 160
TEMP(K) 559.0
MPDA (mol/L) 0.00002222

NITROGEN (moles) 0.5786]5—6
METHANE (moles) 0.09700E-6

RON # 161
TEMP(K) 558.0
MPDA {mol/L) 0.00001858

NITROGEN (moles) 0, 4978E-6
METHANE (moles) 0.08649E-6

\

RUN # 162
TEMP(K) 559.0 4
MPDA (mol/L) 0.00001589

NITROGEN (moles) 0.43856E-6
METHANE

e
RUN # 164
TEMP(K) 559.0
MPDA (mol/L) 0.0002306

NITROGEN (moles) 6.1658-6
METHANE (moles) 1.064E-6

e L1

(moles) 0.06584E-6 "

TIME(s) [000.2

TIME(=) 1000.2 °
PROPENE : DIAZ?NE 9:1

PROPENE : DIAZENE 85.2 : 1
TIME(s) 1000.1

PROPENE : DIAZENE 85.2 1

.

TIME(s) 1000.2
"PROPENE - DIAZENE . 85.2 j 1
TIME(s) 1000.2 -
PROPENE : DIAZENE 85.2 : 1




RUN # 165

TEMP(K) 559.0
MPDA (mol/L) 0.0001942
- NITROGEN (moles) 4.295E-6

RUN # 166

METHANE

(moles) 0.9850E-6

TEMP(K) 559.0 |

MPDA “(mol/L) 0. 0001654 I

NITROGEN (molea) 3.803E-6

METHANE

RUN # 167

(moles) 0.774BE-6

TEMP(K) 559.0 -

MPDA' (mol/L) 0.0001448

NITROGEN (moles) 3.265E-6
METHANE_

RUN # 168

(llole:) 0.6781E-6

TEMP(K) 559.0

MPDA (mol/L)

00001128

NITROGEN (moles) 2.570E-6

METHANE

RUN # 1689

.

(moles) 0.5754E-6.

TEMP(K) 559*

'MPDA (mol/L) 0.00008062 |

NITROGEN (moles) 1.812E-6
METHANE

\

(moles) 0.4314E-6 *

TIME(s) 1000.2

PROPENE :

DIAZENE 9 :

TIME(s) 1000.2

PROPENE :

N
TIME(s) 1000.2

PROPENE :

DIAZENE 9 :

DIAZENE 9 :

TIME(s) 1000.1

PROPENE :

DIAZENE 9 :

TIME(s) 1000.2

PROPENE :

DIAZENE 9 ;

1




RUN # 218
TEMP(K) 5
MPDA (mol

NITROGEN
METHANE

RUN # 223
TEMP(K) 6

68.0
/L) 0.00003759

(moles) 0.5419E-6
(moles) 0.1750E-6

59.0

|
MPDA (mol/L) 0.0001136

NITROGEN
METHANE

—RUN .# 227

(moles) 1.41BE-6 °

(moles) 0.3710E-6

=

TEMP(K) 559.0

MPDA (mol/L) 0.0001123

NITROGEN
METHANE

RUN # 230
TEMP(K) &
MPDA (mol

NITROGEN
METHANE,

(moles) 1.467E-6¢
(moles) 0.5316E-6

58.0
/L) 0.0001138

(moles) 1.599E-6
(moles) 0.6431E-6
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TIME(s) 725.9 ?

PROPENE : DIAZENE 0.992 : 1 ¢

TIME(s) 736.8

PROPENE : DIAZENE 12:00 : 1

TIME(s), 743.-1

PROPENE. : DIAZENE 6.107 : 1

4

KY

TIME(s) 750.3 v

PROPENE : DIAZENE 1.049 : 1

)
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Appendix Y .
COMMENTS ON DATA TREATMENT BY A.C. AND D.B.

YIELD VS5 TIME PLOTS

The yield vs time plots were questioned because the intercepls at zero time were

not set at zero, as they should be if the yields are equal to zero at zero time. In fact

the plots are least squares linear fits to the data which were designed to determine
the presence or absence of intercepts. In particular a negative intercept on the yield
axis would indicate the presence of an induction period. It was also pointed out that

the rate of product formation need not be constant over the yield time periods and

that plots of yield divided by time vs time should be extrapolated to zero time in,

order to obtain the rate at the beginning of the reaction. These points will be dis-

cussed with respect to yield vs time data at 520.4 K and at 550.0 K as reported in

Tables 2 and 3.~

Data at 529.4 K *
These data are extremely smooth and seem to provide answers to Lhe questions
which were raised.
1. The plot of moles of mtmgeu vs time appears to be quite lincar wnh an inter-
cL‘pt close to the origin. Unwe:ghted least squares fitting gives these maulls. for

both linear and quadratic equations.

INTERCEPT SUM OF SQUARES
. OF YIELD RESIDUALS
LINEAR | (-3.06+7.67)x 108 08 x 1013 F
QUADRATI(; (-1.13 & 1.43) x 107 0.08 x 101 i

~ 5
Intercepts are small, errors are larger than the intercepts, and a quadratic

1 Added after receipt of referee’s comments.
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equation is not favoured over a linear equation.
2. The plot of yield of nitrogen divided by time s time is shown in the figure.

The intercept at zero time is (2.97 + 0.13) x 1071%, If the mean of all yields, in

this st of data, divided time is calculated the result is (3.05 £ 024) x 10710 J

These are indistinguishable, indicating that the rate at any time within thi§

time period is' as valid, as an initial rate, as is the rate extrapolated to zero

time.

Data at 5569.0 K

2

1. Unfortunately the yields at 559.0 K have an inherent (that is, not due to .
analysis) scatter which is obvious in Figure 7. In addition, because of the spee:i
of the reaction, data near zero tinie are difficult to obtain.. However, the same

treatment was given, with these results.

INTERCEPT SUM OF SQUARES

v
. OF YIELD RESIDUALS
LINEAR (5.54 + 4.62) x 107 2.68 x 10712 s

QUADRATIC.  (-2.20 + 2.33)x 10® . 244x 10

The presence of an intercept is questionable and there is little to choose between
the equations.®(However, the quadratic equation does not seem to be realistic
because it is concave toward the time axis due to an effort to fit two or three
rather fast reactions.)

2. The intercept of the yield of nitrogen divided by time vs time is (3.99 & 0.49) x
10 and the mean of yields, in this set of data, divided by time is (3.51 = 0.43)
X100, Itis possible to conclude that the rate is slightly faster initially than it
is later. However, the extrapolation to Zero time is long and seems strongly
biased by the two or three fast reactions. The assumption was made that all

rates over the early time period were equally valid as initial rates. N ,
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Perhaps more data at 559.0 K could be obtained, especially at shorter time

peridds. /

Order
An additional comment on order may be useful. The ord((r for nitrogen at 529.4
K is 0.99 £ 0.07 and at 559.0 K is 1.07 & 0.03. In order to treat temperature depen-
dence, rate constants have to have the same units, so an order has to be selected.
Although the mean order is 1,63 =+ 0.04 the decision was made to calculate first

order rate constants. These may have the advantage of easy comparison with litera-
>

[

ture values, which are often reported as first order rate constants.

Summary

1. The rates throughout the initial period (for example 1200 s at 59.0 K and

12,000 s at 529.4 K) were treated as the initial rates.

2. Rate constants were defined by this equation

moles of Ny/volume

time 2y
- — seconds™.
al concentration of diazene
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[ MOLES OF Nz /t] x 10 (5294K) or x10° (669.0 K)
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