LYSIS OF 1-METHYL-2-PHENYLDIAZENE

TOTAL OF 10 PAGES ONLY
MAY BE XEROXED

ARTHUR M. COOK













A
J .
. , .
" ot , » N P
N PYROLYSIS OF - MBTHYL-2-PHENWQIAZENE
) .
k2 ! S o
by . PR
. . :

S -

© -Arthur M. Cook, B.Sc.

Submitted in partial fulfillment of

the requirements for the degree of —

“Master of Science - "
e

_ Department of Chemistry
Memorial University of Newfoundland
St. John's, Newfoundland, Canada

AIB3XT . e N ¢
E . . 9 .'j 4 £
d ’ y g N

July, 1988




Pernission has been granted L'autorisation a été ncmtd&a‘

to the National Library of 4 la ‘Bibliothdque nationate
‘Cangda to microfilm this du Canada de- microfilmer
thesis and to lend. or sell cette thdse et de prdter ou

copies of ‘the £ilm. de veg:dre des exemplaires du

film,

i “The author (c0pyright owner) L'auteur (titulure du d:olt

has Teserved wother d'auteux) Bse rSuerve les
publication rdights, and autres droits da puklicationy,
neither the thesis nor ni ‘la thé&se 'ni -longs
‘extensive extracts - from it extraits de ‘celle-ci ' ne

may be- printed or .otherwise, _-doivent - &tre imprimés ou
reproduced without his/her/ ' autrement reproduits sans lon
written permission. autorlaatlon écrite.”

" N 7 %
- ISEN ~0-315-50464-1 .
o) <




Teid -

<l ‘_ € % . 3 .Ahn@mr.t. . , .

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




232 -

‘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.




s B Ll

v . ;
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'/.
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* $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
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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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