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Abl!ltl'ac:t .
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In tae results section are presented the ,definition ,of the rate constan t

.; r6rmaiio~1.and _~e 0/products d; re~di~n ; ~hich: witb ' the a:s~·elatcd ·appen.
die~s sho~ h~w~th~uets w;r e identified and lt1e~ti~~d, ·The yleld.t 'ime·, ord~r,~

" . ., ' . ' . . . '. ' ~ .
and Arrhenius. plots , B.re~"hen preeeated f?r both th e u~?~cked and packed reaction

vessels lIS well as results for experiments in which propene was ptese~i . '

." A s~mmli~~_~oi- th~ ob;ervations ~ fir,st giV~~e diSCU'SSi~ section: The pos-. - - . -. ,

sibility of, direct decomposition of I-methyl-2-phenyldiazene with ri~"contributlon

" E' • The question of whether diazenes los; ~~kOg~n th~m'o~e-.o; two ~~ I!Ic~lon
has been B. subje, t of study for over fifty years. U~in.g le.cently ,,"vaib.ble data on

azoben~ene andpreyiously published krhe~ius pat~m~t~r~ f~r a~omethane it. kinetic' ·

~ppr9;ch w.~ taken to this problem ~sing' l~metbYI.;-phenYld iazene. . ......

• In t,he fI~t paA. of th,is thesis the synthes~is ami pu~~fication of l.methyl.2~

~. phenyldiazene is des~rjbed. "

The riext section deals with the constr~Ction of the vlL~uum ltne.e ed its asso~I- . \'

sted app:rat~~ . ~he problems ';with the ofiginaf design are . discu~~d and. ~ .

modifications whieh were madt to.the line are outhned.;

~ ~ -__I

obtained,

f~lhe _chain is next d~cuss.ed , along wit~ eonslderetlce of t~e' I r an, to d, iSG- .

meriaatloa. Both are shown to be implausible, using agum~ts based on the result!,
1 . ' " " . , ' •

Based~n ~the .effec~ of propene! tq~ ordere,.~f reac.ti7 ' a~d .th~ values or-,the_

_ Arrhenius param eters, two mechanisms are then proposed. Th e simple one is writt en
.- . ', .

to shew that nitrogen ma.ybe formed by a chain reaction as'well ee by simple 6ssion---

or 1 ~methyl~2~pheDyld iazcnc. It is solved tp show.that'\it is first ordcr1wit~ respect to' ,

' ll i troge~' Cormation " T he_second mechenlam 8.c~unt;.for_ the ; roduets ~r reac,~i~n.;' ~
end also adds a second ehain to the pyrclysla. Specula tion 'on' thl!' 'Cormation

l

and '

\. .



reaction Of ' di r.~d ical~ is th en~Th;'cornp. tIle'banism is th~n solved to show

thnt it toeIs first order wit h respect to 'nit rogen Iorrnation. " . ".
J . ' ' "

Pos sible Arrhenius pa ramet ers or the s im~le fiss ion on.:;;thyl~2-pbeny ldiazene

are then proposed based on the propene results. T heee-peremetere agree quite well

with what Forst endRice obtained Ior aeomechane and suggest one bond scission ,of

l -met hyl-g-phenyldiaaene.- , ; .
Speculation as to why, in th e init ial series of propene experimen ts ,. DO inh1'lmion

of thc ,;ate of nitrogen format ion gppe ared is th en made. .Tbe ' possible rola.ot .

lhe~YJ hYd razo~ ~· is also cons id.~red·,

Finally, the erratic beh1Lvior 5~t the reaction aftef the initial series of propene

experlmenu i ~ comm<!.'!teo "en, eqd f~r t~r direction~ , for th~eudy of.~lii: .react~on·

nre preeent ed., .. "
~ ~ .
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I Introduction

Rationa le ror this Research

m azenes may pyroly ze by break ing two bonds simultaneously,

R - N = N - R - 2R· + Nz

. or, by breakin g two bonds in seque nce,

[IAI R- N = N - 'R - R - N = N, + R,

[IBI R CN ;" N, _ , R' + N" /

~ , _,'I
Tvhe subject, or ~De or two bond scis\ion or 'diezenea, was raised, in 1020 ~Y Rem-

sperge r (1). I n ' his search ror"sys te ms which could he used 'to ' test new tHeories. of , .

unjmqle~u l~j reaetion~ he pt rolyzed J~metbYI-2.isoproPYld inzen e - an~ c0n1o.fCd th~
. act ivat ion energy of this react ion with those or azcmetbanc and eeclsoprope no wh i cl~

he bad previous ly stud ied. He round that t he a~tivation ene rgy 'for t he mixed

diai ene was be tween the ot her two values, and therefore concluded th at th ere was

two bonf~Jission . .

However, the rate measurem ents were made by monitor ing pressure change

beceusa ut t hat time th e complexity ofthe stoic hiometry was not realized li.~ d uie ,
. " . ' ./ .
difficulty or measuring elementa ry rat e consta nts was not apprecia ted . When t he

elementa ry ra te ~onstants Ior nitr ogen format ion ~r~m aeoisoprc pene (2) 'and azo­

met ha ne' (3) were eventua lly meas ured th e V31Ufid not support Ramsp erger 's

results , ~nd so the compa rison was invalid, App. eotl y l. mcthyl . 2. is;9propyld inzcnc·

has not been s t ud ied subsequently. . . , .'

I

)
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In tl recentstudy (4) of aeobenzca e pyrolysis, the elementary rate constant Cor

nitrog en torm,ation was reported. Th is result , along with Forst 's (5) resul ts (or azo­

rnet~ ane led to the suggest ion of a comparison", similar to Ra msperger'e, of azo­

ml't hane, neobcnzene, and 1.metbyi.2-phcoyldiazene.

Azobenzene .

A review of azobenzene pyrolysis in the gas phase shows t bat only t WQ st udies

have been completed. In one, referred t&above, reference (4), Ar rhenius param eters

for ni trogen formnt ion were reported to be 1016.6 5.1 (or the preexponential factor

and ~8 kJ mort for the activ'ation en~rgy , In the ot her, Leiba and O rer (8) gave

1012.61 and 22.3 kJ moi-I, T he discrepancy seems to ' b~ due to problems of

stoichiometry and ' treat ment of data ill th e latter study. A. discuss ion 0; rbe

d i srr('p3nc~ is found In reference (1);..

Azomethane

Since the publicat ion of Ra msperger's p io~ eerin g ~ork 3 Dumbe.r of st udies have,

Itl'lpcd,-to determine l~e Ieatur es of eecmet be ne pyr~ys.is, T be mos t impor~ant

resul ts are now reviewed." .

( II Stee l nnd .T rotman-Diekenson (6) measured tbe rat e of.ni tr ogen' for mation and '

, sho wed th nt it was .inhihite d by the additio n of propene. T hey dedu ced from

the se mad~ s thf t II. sho~t chain ~1IS present in eecmetbeue py rolysis .

(2) ForS l.: nnd ~R ice (5) ne~t showed th at addit ion of nitr ic oxide reduced the i ~ ttial

rail' of ni t rogen form al-io;l to 8. minimum v alue relati ve to tha t observ ed fOT t he

• S in ~e t his p,oje~t Wall started a mind alkyl aryl diatene pyrolyaiS in the I llS phase has been inveslJ.
gal-t'd (211 ). Th~ ArrheniIJ' ~arameterB obtain ed ror l-etby l-2-~hny ldi aube in a Ilir ted 'llowsystem
u inl eyelchexeae l\.l a cJ Ule-r l IS we-re ZOO kJ/mole [or .t.be ac ti ~ation ene-rAl and lOI 6 ,~ for tb e
p",-eU>llnt"nti:d ract or. The Qun tion to be 1l51r.~ or t his study is: Doel the use or ey e lohexene Il5
~n inhib itor 'I ive the d,"m~nt~1 rate con81:lllt ? For ,com mep!a, rder to the Dil\Cu loSion &ection,

t Those in whk h the-prolr ess'or the reaeaion Wall monitored manometrically are oniittc d .



~
uninhibited react ion. Because cata lysis as well as inhibit ion was observed the

rat e cons tan t was calculated by extra polatin g the rat e back to zero nitric oxide

' pressure. T he initial' rates 50 calculated ' gave Arrhenius parameters of 1~ 17 ·3 5,1

for the pre-exponent ial factor and 232 kJ mo!"1for tbeeeuveucn energy.t1 '

(3) Forst and Paquin (7) car ried out a comprehensive s tudy of the products, and

th eir rat es of Iosmat ion, for azometban-;Pyrolysis. A short ch~i~ mc~hnhism
was proposed , the .main featur e of which was, chain propagati on and nitrogen

(ormation by decomposition of the radical CHa-N= N. Cllz·,

(4) Tw o reporta ap peared in t he literature (13,14)-in which the Arrhenius parame­

t ers- differ markedly Crom t hose rep~rted in reference (5). Both o] t hese st udies

. inv olved t he eaomet hane sensitized decomposit!on of hyd roca rbons, in which t ?C

ra t es of azo~~thane de;o mposition a re ext racted h om r~tcs of forma t ion of pro­

du cts of ~Yd roearbon pyrolysis. In the int er pretation of t~e rcsulta,~o~. ~he azo­

m et hane se nsitized decomposit~on of iecbueene II. small molecula r c~ntri~llt ion to

nitrogen pr oduct ion is ccmsider: dJ
I '

I

(5) Benson ( ~5) estima ted the enthalpy of formatio n of eeome t he ne by using th e r- .

modynamic group addit ivity. The entha lpy change- fo r react ion 12/, below, WR.'l

t,he n obtained. By assuming that th e

IW.2 kJ rnor l ,

202.1 kJrnolf

t03,llkJ rnol' l

et b an~

propane

iliO but ane

tt A ~im i l :lI study of CDsN2CD~ by D.•~ . Cba~bg and O.K. Rice (ln~ . J . Chern. Kinet. I. 171 lIOOD))
resulted in a slightfYlower pre-exponeetlal rac tor .

I ,
• • Tbe reported valu ea of prt-exp<lDeDtial rat t9ra, A, and acti vation epersies, E, ia b)'d r~arbo n . lor

tbe reaction CH:l,N2CHS.... N2 +eHs i re listed .

A,
IO

I U 1
•·

1

10 14.71 . :1

10 13·lIOs·1



· '," ' ':' ' , ' '

-.-
(21

activation energy tor nitrogen" rormation in the in'hibited pyrolysis or . azo­

rnbtb ane was eq~'al to-the enthalpy change or ~eacti~ [2~ an d 12,8) he celcu­

" Il ted the qeco nd

CII3 -N'= N'-CH,._ C H, -N = N'+CH3• 12A]

CII, -N = N· - CH3" + 'N = N· (28 1

·N = N· - N, 12C1

;r bond energy of ni trogen, - AU .or ' rea~tion {2CLto be 338 kJ mol"i. In his I

opinion a reasonable u¥per limit was q~tained, His a~Kt\m,cnts indicate that t wo

bond rupt ure in "gas phase dlaeea e decomposi tion would lead to a tr~ns ition

stat e configur at ion of low energy, less' tha~ . the weakest .bond dissocia t.ic n

energy, represented .by react ion 12AI o~ {281. Therefore t he 'en ~halpy.- change of

react ion [2AJ or [2B) woufdobe' greater th~ t he obse rved activeticn .energy and

- - -the' vnh l~ or the second It band energy would be unreasonable high. Thus, Ben, '
, ~-

son favour ed one bond scission. c;

Special Techniques for Gas Phase Prrolrsis

- .
In t his section cert ain sp~cin l te chniques wbfeh have been used in the studJ" of

diazen e r yro]p lis in the gas phase are reviewed , briefly , and some eeferences ar e

gtvcn .

I I) Ver)'" Low Pregsur e Pyrolysis

Pyroly s i~ t akes plac~ in a llqw reactor at yery low press ure. Reactants and pro­

ducJs g re mon~to red in th e :arly stages 50 that se condary react i~n.s 'are kept to ~

minim um and unim ol{!eula,r reactio ns can be stiidi~d direct ly . A,-disadva ntage is th a t

"ret e consta nts ere obtained 'in tbe low pressu re reg ion and RRKM calculations have -
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to b. per formed to obtain bi, b P"';~" rate eonsteate . E"n so, either tbf.high..

pressure activation energy or pre-exponent ial fact or has to be known. or~ated

independe ntly. Application to diezenes is discussed -in refer ence t2).

(2) . Laser Powered Bomogeneo~8 Pyrolysis . , '

The use of a pulsed m laser t~ provide the therma l energy to an absorb ing

~on· react ive gas, which t ransfers its ene rgy to the react ive' sub strate : i~ -IL no~

.: th rough react ion vessel, has .the advantage -that there is no sutfll.eecomponent to the

~su bst rate reac.ti~n . . The ~e r; ported reaction, aeolscpro pane, gave the Arrhcnitt~
equation .or l~g [k/s-II = 13.g - 172 kJ / 2,3 ~T w hich the authors suggest, i n con­

trast to some previou s findings (16), is for a\ concerted pathway in t he decompositio n .

(3}- Oc heren e anti--~~ke8 Raman ~peetroJc:op)', CARS

Th is method involves pulsed photolysis, w~icb, in .t he example cited , ill nao­

~_ ~~than~ at 3S!' nm, _Mter a variab le dl!'I~Y, a ~eparat e ana lysing laser system ~ro.bcs

the CARS suscep t ibility o f the' excited sa mp le volume. Exciting and probing beam s
. . ) . .... . ',

provide a time profi le of ~a. 7 ns and a speural-resclu tlon of 1 cmol • ~he results

with azo~~thane indicate that dit Tl?g~n ' b as an appearance time oC;!esa th nn 2 ns .

Thi s implies that the reaction 'mechanism involves no dia,\cnyl intermediat c' havin g

a lifetim; longer than 2 ns (17).

R eac ti on s In the Liqu id Phase

' In th e liquid phase, thermo lysis of d iazenes has been studied- by a varie ty of ­

. , m~.thods . Some of Jemore recent studies and the~main conclusions drawn ~re Iat.ed

below. One bond scission is favoured ill the liquid phase.

(1) Ne)Yman and others (10.23) have-emp loyed .hi gh press ure; .to several t housand

atmospheres , and so lvent viscosity technlques . T he volume of ~tivni ion ,

t i.e, CH3 - N = N·
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~;-\

.6.V'" = - RT {.6.lnkj .6.PJr roe. nitrogen formation was m easured: Theie e tudiee

hav e shown t hat cert a in diazenes, termed "o ne bond scission" initiatorstt , have

tnrge positive activat ion vo]um cs {such ~ 18 to 21 cm3 mor l in various solvents

fot H4-n itroph enyl ).2-triphenylmethyJdiaze~e) . Others, t ermed " two-bond eels­

sion' vInitiato rs haye small activ ation volumes (+5 cm3 ~ol" l for azoc~'::"
Also, euempt e bllve been made to relate~e two types tothe viscosity ,of the

solven t . Rate consta nb.or "o ne-bond scission" ini tiato"rs should decrease as sol:
J\ "

vent viseceit y increases and ra te cons t ants of "tw o-bond scission" initiators

should be inde pe ndcmt ' of solven t viscosity.

(2) A ste reochem ica l a.ppro ach has "been. ta~en by . som~ workers~ T hermo1ysis. oC

" some optically active diazcnes has produced resu)!!::whieh are- inter pret ed ~n

raV9\1r or one-bond clea vage (2 6). Photolysis,~~ertain optically ~ctiv.e trans

~i itzen~s seems t~ give d s diazen es which react by ,.·one:.bond c1e.&vage (25),
. . ' . .

.(3) The st udy oCsecondary ,deuterium kinetic isoto pe effeots by Seltzer and.D unne

(2,1), using the suc~css ive deutera tlcn oC~he Q' ca rbon, in~tcatcd one bond scis­

sion Cor unsym met rically substi t uted diaze nes.

(1) Doth III and ISN CIDNP spect ra have been interpreted in Iavo ur dCone-bond

fission (J8).t ~ '

~I Energy Surr.C' l ' - .
A I)ot~!l tial energy su r~a;e has 'b een calculated' co'r. a;r.pet~ane ~sing th e

. MNDO npproxirparion to mole cular orbital. t heoJY: . A st epwise c1eavage.oCazoethane

wfS Invc ured, energetica lly, ~v.cr the concert ed mode-or decompo sition. Also, th e

It ' l n i t i ~to rft in Ihfsense ofin itiatin! ol h~r radkalteaetiou.

i ~~~'I ;i~;; o;i~.I~:~~;:~~~e;:~::~leet~~ I:~:;:h~ , ~n~t~~~~~ :e::;~:t~~~tri:::~~~~c~~~; , r~a~:~y~
• radlcal hnd been Jcrmed . .

'''- . '



. ,
calculated ' activation energy rof t-he stepwise cleavage is fn reasonabl e agreement

I' " . .
with the experimenta l measutem~nts. •

. ."

ObJeetlvea

The first objective or t his study was to establish the main featur es or th e pyro­

lysis or pure 1·melbyl-2·pbenyldiazen e..The second was to isolate th e c1l!mcntllfy

fission reaction and th en to compare the results :wit h' ,the pyrol~is or ezomethane

and eacbeneene, which badt!Jst recently been invest.igated. T his eom~arison would

help to.c larify the rol!! or one and two bond scission ormixed diezenea. Only the .

ftcst objective bas bee n achieved.

..

,''''

,

, ....
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II Experimental

1. Preparation of I-Methyl-2-Phenyldlazene and Pur18catlon or Propene

, 0

a. S~nthe81a

. ° T hc meth od, esse ntially , WlL'l that descr ibed by lofl'e and Stops kil (29). One

mole of freshly dist illed pJieD)litydraz ine' , 100 mls o C diethy ! ether , e nd 0.5 gm "o~. ­

hyd;9Quinone Were ad ded to a~ mt rocnd- boucmed 6~k fitted wi.th a.,d ro pping

Icnnc l, thermometer , and a refl!ix condenser . ' To th is clear miXture was slowl;

added with st irring 109.6 gm oCforma lin- solu ti~D . The temp er ature dur ing 'addition .

was m;intaj n~d below 5 "? bymeans of fill ice b~.th . ",,'Upon th e "addit ion or for malin

the ye llow solut ion became t urbid; how ever, aUer one-third o f the form alin solution

hod bc~n added it became homogeneou s. . ' J .

Upo~ - t he rurth~r a.d~ i tion or 10 .mle of form ali,n the . ye1r eoluuen again .

became heterogen eous. Stirri ng was continued (or on~haJr hour afte r' comple tion of; "'.

. the a~dilion a nd th~ r eaction 'fiMk was removed (rom t~ b:~b 'aft er the a dd ition .

IV lL~ cC;mplctcd . The aq ueous laijr was sepa rated and th en w ashed t hr ee times ' with

~ ur clic t hyl, et he r. The combined ethe ral phases ~er't dried over anhydro us

-pot lL~!i illm car~on ate' a;d the _ether. was removed ~n ' - a RMb evaporator while bub-

bling nitrogen gasi hr o ugh th e solutio n .
I

Abr U: 125 mle o f the , ligbtly t urbid oily ,,,Idye was added ' 0 . 500 ml 3- I,'
necked round- bottomed IIWlk . An equa l volume of a _four perce nt ecl u ttcn of pores- , 'i

s i,"~ hydroxid ~ in e th~lene gllCOt w8S added ,and th e r es ultin:~ purple 8.iuti~'~: -~~\'·\I:: ·
distilled under vacuum at S mm. . r -

'T he distill~tion w~ carr ied out over th ree days, \oad three batches of t he same ' '. \'
~ . ,
t Dist illed ar1"IO ' C and 2 mm.

t 35.6% fl)lma!dt byde; 10-1;%metbeaol;wat t r.



fr ac tion wer e collected. B etween col~eetions the reaction Bask was vented . The yie ld

or yellowdistillate decreased with each dis tillation giving a total yield or 25%.

b·. Purification ot Batch ,A'

'The p rocedur e, as de scribed above, was repe ated an d .the t wo leta were co m.

bined. Th e-combin ed lots, designated Batch A, were used' for all runs in t~e packed

'reaction vessel.

The combined lob we re store d over activated molecu lar sieve - nnd th en elut ed

th rough an anhydrous magn esium sulfate c~lumnt with dry ~ntane. Part o( the sot-

' . ve.p t w~ . remov ed by · d istil~ a.tion J on a ·rota ry-' e,vapo rator. The I -methyJ·2 ­

phe nyldiaaene ~~ then p eeeed thro ugh a silica geltt- ca lumni u sing ~ry penta ne :'

" , Agai n, p~rt or t~3 solvent was removed -by ~eang or a flash evaporator: The

rem einder oI golv,e'ot , about one-t hird; was removed unde r z-a mm Ilg a t O' C For ,

' fiv e ~~utes.

Furthe~ purificatio n was carrie d out on a spin ningban d 'colum n. 'The bleed W &'l _ _ '__

. enclosed in ~ bag or dry nitrogen g811 and I-m'ethyl-2~phenyid iazene -w~ dist iltedJ&t

& 45" C under 8 rum pressure. The first 2 mls or distill ate w ere disca rded, th e colum n

hea ter was kept at ambien t temperature, a nd the e cluma w~ spun 811sl,owly Il.'I POS­

eible . The' distillat ion was stopped by ventinp; wit h dry nitrogen g as end the.dist il­

late w~<s~ored unde r dry n it rogen gas at 4 ' C ill tb e dark•
•;.1

. A gas chroma:ogram V' of thit,. distilla te ind ica~ed tbat the, o nly impurity was

anili ne, in one percent concentret tcn. T he refore th e t-methyl-z-ph enyldteacne was

... • fA,d~i'ld ....a t 120 ' C tor 48 houn. .

t - 5 cm x l em I.D.

tt Dried at 120 ' C for 48 houri .

S 4 tm l l tm l.D.

'VColum1l :6·x l,'!·.3%OV-17; T ~1~C. ':).
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llO ~·
redistilled on the spillning band column. A! before, the first an d last 2 mls o! d istil­

date were discarde d. Tb~ pressu re was set at g ' mm s ud the ~ isti!J~ ~as collected

at 47' C . For this distill a tion th e appar-atu s was wrappe d in towels to prevent p csei-

ble photolyels.

Th e liquid coll(!( ~ed Irom th e second 'distillation was subdiv ided in to break-seal.

v ials.

A gas chrom atogram of .l.he liquid .5.~0~ed t bat the sample contain ed 90.57% ~.

lnelhyl-2- phenyJdiazene, with an iline as th e on.ly lmpurj t y . .

c . -P u r ifi cati o n o! Batch B ,..J
For all sub s equent rues the t-meth yl-a-ph enyldieeene .us ed was prepared as

~ - ' - ' ,
~cscr ibed, b~low\nd de~igna.led B~tch B. Two.' cr,o;!!' o t I-met~yl-.2-pheDyldia.~ene

.' were synthesized for this batc? desi~ated ~ots 1 a~d ~ , and were pu rified in _the

\.
. Arter distill a tion (rom the reaction jlask, the f - metbyl-g-pheny ldiescne in

m et hylen e chlor id e was ext racted three times with 50 mls of one ~olar hydroch loric

-'a cid end then d ri ed over anhydrou s potas sium carbona te . Part of the solvent. was

rcnfllved on a rot a ry ev apo~ator and tbe ;emainde r by vacuu'm d istillation under 2-3

m .m lI!r at o ·C for 6ve mi nutes.

A!J with ba t ch A, Ute l-met.hyl-f-phenyldiazene was then distilled on the spi n-. . .
, n ing band column . The bl eed was encased in a ,b~gor dry heli.um and th e apparatus

w ns shrou ded in.-..8. black cape du r ing dist illation. As before, the first 2 rob of distil­

late were discardedsed t h e !raction boiling at 45 · C at g mm pressu re was collected .

A gas chrom atogram - or lot 1 showed the presence of i7% of a n unk-nown

, ' i~P ll ri t )' and 1.0% of aniline. A gas chromatogr am of lo t ~ ind ic:ted only 1.2% of

/' ... COIU!"D. 6' x ,,\~ 3% OV-17; T .. 130 · C.



the unk nown Su bsequen t distillat ion on the sPlll.Din g band calunin

removed a\l of the an ilinebut . 1~0% of the unk nown impurity · ~emained in~t.b lots .

The product was subdivid~d -:"~lhto;ed.in 5 ml am~oule9 unde r dry he lium. Fu~ther )

purifi cati~n w~ carr~~ ou~ b~' prepa rative gas chromatogr~phy. .

. At firs:, 30 pi poit i\ons' of th e ninety-nine percent l-metbyl-g-pben yldu acne were

"injecte d into" t he gas t~r~matograP hf . The colum n effluent was swept in to an

appar-a tus, lik e that il1us~ra~ed in ~gure 1, to separate the I-metbyl-2.~beDyldiazen e _

from t he othe r impurit~es . i\ pprOPri ate parts of th~ apparatus were maintained at

OO 'C "tO prevent conde~5atiO\ of t h e .emuen t. The 1.met~Y )·2-p~eDYldinzenewl19

collected i,nthe ~trap' as it \e..IU.~d rro.m t. be gas c~!oma.tog.'~Pb ; ' h.",.est. of th; K.as­
chrom a tograp h effluent was b y- p sed . To m ake the peeperarive gas chromato graph

. more efficient an 8' x ...... 3%1\.ov., 7 column-'was made so that a SO· loll sample eould'

be ' i nj Cel~d . Ten~ anti ~Iceti~ns were made; t~cn the trap containing

h,li~m w".isolated .nd eonnLed t the additive eeet icn of t he m uJm line ~i. t he "­

Oeiug connection. Atte~ evac uation, ,he I-m ethyl-2-phenyld iazene was transferred.

to th e Ij-trep which was mai ntained at ·45 ~ C with an aceto ne bat h ,cooled by dry

' iee. During t r ansfer, the reac t ion ; essel was maintain,cd at less than '200 ' C~eause .

\ the I- m lt byl-2-phenyl d iazene passed t hrough it, and the man ifold va lve all the back

side o f the V-trap w~ open to *e p umpsto remove any volatile im purities. After

d isti11~ti on the manifold valve was closed, the react ant storage trap was cool$d_with

liquid nitroge n, and the U~t rap was warmed in order to t raae ree. th e t-methyl-2­

phenYld i az e~e -tolits storage sectio n. After t h e trans r;r the distillation was repeAted
. . .

at a maxim um J-met hyl-2-phe nyldiaze ne pressure of 1 mm.

7 pI or d ist illat e was ·transCerred to the benzene O·r ing section Cor injection onto

the gas ehrometog ra pb . U t h e gas' cbroIf1atogr~~ or the sam ple indicated t hat th e

• See App endix B ror diKU8&ioQ.

t 8' X1f4 " 3% OV-17eo lumll;T ·..."~l) · C.

v
...--_..','
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"Effhtent rt~m gascbf'oma~rapb .

ua Ni'h'o~. ~hli."oil ..d .",wool in,ol.lim;

@ T~8on valve with rubber O-ringsor a ll te80n vain

:D::JZl. Copper

Glass

T1

T2

a -ring joint

Trap rot D~azene

Trap tor discard ed materials

Figure I . Collecti?n~ppar~tus for c,olurrin effiti e9t .
. r



total coneent rat iou.cf the unknown impurity and aniline was greater tJIIln 0,01 per-
, -

cent the preparativ e g¥ chromatograph procedure was repaated .;U the concentration

or ~he. 1.methYl-2-phen~ldiazeoe was ~eater than gg,gg% it was transferred ~ck'to

~:.~t~rage section read y rOJ use.

"'¢ .,high resol:ti~n mass spectru~ 9r a sample prepared in this way is .shown end

' d~sed in Appendix A,'Tabie 11. . ' ,-
Cl. Purlftcat1op'or Propene

. Prop ene (Matheson Reeeargb Grade, Min: Purity gg.7%) was "ia t rodueed into

the V-tr ap or the v,acuum line . t~ was then distilled Ifom a hexane/liquid nitr ?gcn

trap (-1M · C) to an isopen tane/Uquid nitrogen trap (-160 ' Cj 00 ' the additiv e!storage

sectio n. Alter dist ill~tion. th e V-tra p , was warmed to- a~b jenYtemperatu re and

opened to vacuum. The traps were th en reversed "to collect the propene back inlo

the V-trap . Th e "backend" of the Ll-trap ~as_ pumped during this distillation to

r$ ove any ca~bon dioxide that may have h~po present . . Mte'r distill ation the

stora ge section was warm ed to ambient temperatur e and "evacua t ed. Again the elur-,

ries were reversed to dist il tbepropene beek~e sto rage section.

J
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2. Vac.uumline,
Th e vacuum line: illustrated in figure 2, was assemb led in th e following manner. '

A Welch Duo-Seal model 1400 rot a ry p.ump '\used with a Balzere oil4!,lJus ioD

pump- A vacuu!'! of less thafi 2 x. 10-6 Torr, as measu red by m eees of a McLeod

gauge, was always obt a ined before & run was star ted.

b . Toepler Pumpa •

T wo toepler pu,mps, illustrat ed' in figure 3, were emp loyed in the Iin~."'rhe first

collect ed the non-ecndea sable Cra~tioIf ' iDt~ a ca librated gas' bure tt e wit h' the aid of

.an auto mated so!enoid valve loca t ed at thejn let to the mercury reservoir line, T his

was llcc?mplished by having t h ree elec trical co ntacts protrudin g into the toe pler

pump. One, located aboCe" the t op float valve, sWi~ched the solenoid v alve from &
. I

venting mode to an evac uating m ode. The second lead ~as locat ed at~tbe top oCt he •

reservo ir ,and switched the valve back to the ven t ing mode. The third lead; locat ed

at the boucmoCthe reser voir, was comm on to tlt e other two.

. . .
After the gas was co llected and measu red the flOat va lve lead ing to th e manifold

Cram t he second toepler pump was closed and t be gas was transfe rred to the second

pump', After a ll of the gas was trans ferred, using tw: nty strokyf the 'second

tocpler pump, th e mercu ry level was raised to tbe : c( the gas tra 4 rer loo p,. .

As ~strated in figure 4,. wh"enth e gas tr a.ns'.er . loop valve was sw itched, t he

collecte d g/lS was swept onto the molecular siev.e column and tbe float valve below , \
. .

t he loop d osed. To ope n this ll.oa~ valve, which was under pressur e , aIte r t he sam ple

hnd been ehrornat ographed , it was necessary to Set the gas chrom a tograp h valves, as

iIl~str ll.t ed in figure 4. T he heliu m flow was then stopped and the -Jci1Jp w as partially

evacuate d, allowing opening of the valve.
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~::~~~~.~~!.
4 Reac t ion vessel

5 Di3Z('n ~ stoiagt trap
6 V-trap .

7 (). ring joint

8 Air b ath

9 Line to addit ive sto rage sectio n

g ' Addit ive sto rage sect ion outside orair bath
10 Vep l

11 MeLeod lauge

12 Loop (or ell..and N:!

. 13 6-Pbrt valve on ch r~mlLtogra p b ·

14 MS co lumn o n sample loop or c hroma to graph

15 6-Porl :n lve

16 Toep ler pum p

17 Toeple r pum p

18 Gas burett e

Ig Aut o matl( toepler'pu mp v al~e

20 Oil d iffusion pump

2 1 Rot a ry pump

22 ROll:lf)' pump

23 ~ I ain trap

24 lIeliu m supply

@ Vari aD va!ve, viton seal

@ Vari an valve, polyimide seal

IS> Stopcoc k

.181 Metal valve

"'" :··1 ··· ·
I .

, .

...

Figu re 2. S(~hemat ic of init ial vacuum line.

~
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I 6 Port valve . Ports .1, -4 to sample col\ecti~n loop. Ports l. 6 joined. l'c rt :!

heliu m supply and low vacu um. Port 5 {'l it to ga.~ I'hrom3.lograph. n {'f{'r to

. fi gure 4.

2 Sample collection loop tor C Ut and N2.

3 f loat valve .

3' ' Double floa t valve.

4 Toepfer pump , manual.

S Toepler p~mp , automatic. '

6 Electri cal ~ntacts .

7 Gas burette:

! g Co nnectio ns are shown in rigur!!' 8.
. I

!

I

.... ~.

Figure 3.

\

-Schematic or Toepfer pumps.
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' ampl' I,, <h. <>maIOfl:.aph
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llu"nI Ul ly "pOI ,rn.r, ..

an au, ilial f h ~lium .upp l,

Fi gure 4. Sc~ema,.tjc of switching valves on vacuum line

and gas chromatog raph.
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c. Pr essure Gauge

I - 20 ·-

,
"Measurement or the initial pr essure of the j-metbyl-z-phenyldtesene w~ made,

using an MKS Baratron 170M·26BM 100 mm head conn:cted to an MKS Baratron
. f

315B1I·loo readout module, a 170M-6C Electronic Unit and a.170M·35 Temperature

Compensato r,

d': Reac ti on Vessels
,~ - . ;

oJ' The first part or, this st udy employed a pyrex vessel packed wit h 5 em pyrex

glass tu bes which were fire 'po lished on both ,ends, The vessel bad a volume of '

gSO.O ml and a surface to volume ra~o of i ,l7 cm-t .

h) T~c next set or experiments were carried out in an unpacked pyrex vessel. This

r elLct~n vessel h·ad a volume or 1007.4 ~I and '30eurfaee to volume &atio of 0.547

cm·l .

e. Reactio n Vessel Ov en

The cen tral part or the oven, shown - in figure 5, consisted or an ,aluminum

cylinder, wit h diam eter 0.2 m and length 0.5 m, fittEftl with an aluminum ~ottonl

and lid, Th e cylinder was made or 0.8. em stock and the lid and bot tom ~r 2 ~m ....

stock. T hree heat ers of Kanth al ~ire were wound around th e cylinder at th e lower

and upper ends, and in' the middle. T~controlle4.by Variacs, were turn ed on

continuously, A third,' outsid e of th ese, was controlled by a Thermcd yne-Pre cision

rclny .co~ nected to n platjnum ;esist~nee probe. Heaters we1-e i nsu l~teJ from the

cylinder and one anoth~r : by asbestos. ,Kaowoo~ -a m~tal can, a second layer or

Kaowool, and finally a layer or aluminum roil surrounded t.be cylinder and beaters.

Kaowool was also packed in the space between the top of the lid and tb e bot tom ot..

tho air beth , n dista nce or Iu'em . Y

.)I'

.\
oj
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f igure 5:

' . '•.,"~ .;' e ' "

. '- 21 -

•I
J <T hermoco u ple.
2 Ru ction vessel

· 3 Thl'rmos t.a l·prob~

-& Aluminum ~y l.i nd (' r , bottom and lid

S Asbestos '

G Heat ers

7 Kaowool

'8 Mela1can

Schemaiico(reacLion vesseloH.II.
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\ .

..



.", -.
- zz -

Reference' . TC# l t-~, ....
Tin 231.9 "0 235.2±O.1 "C

Lead 327.4 ' 0 332.0±O.1 "C

..

(
I

I.

~ slot in the lid a llowed the thermcecuplee and platinum resistance probe"to

extend into the cylinder, and alsO accommodated th e.aeek of the ~eaction vessel,

T wo-ch~me"alumel thern'locouples were placed in the teact.iQn vess~1 well after

the leads wer: ipsulaUd ......ith 1113' wool., ~bey were calibra td at t he melt ing points

of 'ti n (231.0 ' C) a~d o( lead (321...."CI. using reference aemples which were obta ined

from t.he Nation al Bureau of Standards of tb e United Stat es. Th e results of calibra­

tion ~rc given in the (ollowin@l tabl e.

234.0±O.1 " C

\~5±O. I .~ C

t :r;'!Dpcrat~re. ca u l~ted m data supplied by R.P. Benedict . Fun damentals of

tcmpcra.~ure. pr s~ure, an flow m . urements. 2nd ed. Witllt.•.Ne~ York. 1017.

..
Temperatures were .obtai ned by linea: interpcJlation. T O#1 waS connected to a Digi .

lee Thcrmoequple Tbermom~ter and TC#2 wu read direclly in millivolts and refer--

cnccd to an ice-wa ter slush bath .

.r. G u Chromatogr a p h. . .

t> Th e r~di~n .pr.oduct s were analy! ed chromatograp hically as .gas and as COD­

denaable (in liquid nitrog cn) fract ions. T he gas chromatograph used was a Variaq .
:. " ....,

Aerograpb Model 17~ with aj the rmai'conductivity detector. Injector tempe~atu re

was set at 100 ; ~, an~t;~r t emperature a~ 200 "C:·
Th e gas. fra~t ion was ait alYs~ on ,a on:e meL,r SAmolecular sieve colu.mn at

sO' C using a.80w rat e of the carrier gas, helium, of 30 milliliters per minut e. Th e
. I .

( .':
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column W8.!l activated at 200 · 0 lor sixteen hours wit'h carr ier g~ flowing through it.

The condensed fraction was analysed $J:Dan eight loot by on'e quarter inch stain­

less-steel column packed with three percent QV-17 on Gas Chram W, again using a \

"flow rate or the carrier gas, helium, or thirt y milliliters per minute. .The column was'

baked out once a week at 200' C lor sixteen hou'rs with carrjer gas flowing through

it . T emperatur e programm ing was used Ior the epndensable tr~ction : lOO· C tor

seve n minute~, then.IS · C per min.u t~...to 200 ' C tor twenty minutes.

Tbe -gaschromatograpb waS calibrat ed for' nit rogen, methane, benzene, tol \le~e

and subsequently tor"aniline and N-methyla~iline.

g.. A1.rBatb

The ai: bat( was a ~hermostated ~best09 box. Th e "t em p~.rature was main-

tai ned at 105 ' C to prevent the l- methyl-2-phenyldiazene and produ cts trom con- ;.

densing in the line. . ~

The d~ign of th e ;acuum line. inside the, air bath, tllustretedln figure 2, W!l8

used for th e packed react ion vessel runs. Varian high vacuum valves with polyimldc

main seals and gaskets were used at the inlet and exit of the reaction vessel to

prevent reactant and reaction products from dissolving in stopcock gre!l8C and to, .
withstand the bigh temperat ures or_the Iir bath. Varian high va cuum valves with

viton main seals were used on the helium swecp Iin~ to ~revent d issolution or reac­

tion ' products in stopcock grease. Stopcocks,' with silicone grease ~, Iu bri cant were

used elsewhere in the line inside .the air bath .

T he vacuum line inside the air bath was redesigned, as illust rated in figure.6 ,

ror eubsequeur ' experiments i ~ which the unpacked vessel ' was used. Thrum

modifications, listed below, were made to allcviat~ some problems which were experi­

enced with the previous design.



5 L mixing vesse l

Mks eap aeitaeee manom eter

J Re.lt t ion vessel oven

.. ' Rf'lld ioo vessel

Diazene s torageuap
U· tr3p ",

' Coilt rllp

Air ba th

\} Line to helium s upply

10 Vl'nt

11 Mcl.eod gnug e

12 Loop for CH4 and N2
13 6-Po rt va lve 00 t h rom"alog raph r

1-1 MS column on s ample loop or chromatograph "
IS 6-Porl va lve '

In T6l'pl(lr pump

17 Tcepler pump

18 .ce bun-ttl'

10 Automat ie toepler pum p valve

20 Oil di ffusio n pum p

21 Rol :lry _pump

...... R~I:uJ pu m p

2:1 ~ bin t mp

@ Vatia n ...alv e, po l y i~di' seal

12> Stopcoek : . .

~ ~1(>l al vnlvE'

< " • • • -:

.
r

Figure 6.
\;;

Schemat ic of redesigned vacuum line.
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