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Tlla 1!0rk deaoribecl bare:ln wu andartaken 1D order t o aceca,p].illh 

t w goal.a. 'l.be t int - the conatl'uct i on of a mu■ apectrometer and 

auociated e quipnent for UM in cont inually moni tor ing t he kinet ic• of 

a cMmieal react i on 1n the gu phaN . Tbe aecond - t he UM of t h1• 

equipi,ent 1n t he act uel etu4y of t he kinet ic• of a t hermal deeOl!lpOai t1on . 

The fir■t compound at ucl..ied 1IU uomethane ( McCoy, 19, 5) . The preeent 

t heai• rill cover the ~ k on uoethane toget her wit h a deacript i on of 

part of t he ina~ntat1on . 

'I.be work de■cribecl herein COlll!IMlllced on December 20, 1951 and, 

with the exception of proceeeing of the data and t he writing of thi■ 

the118, vaa brought to a cl oee on December 10 , 1956 . The tlr•t t hree 

yeer• were largely con-4 with the const ruct i on of 1netrumentat 1on and 

the checking out end calibration of i t . While t he l u t t wo y,,are wre 

l argely apent 1n experimenta t i en , a coneiderabl e porti on of thia period vaa 

alao devoted t o rebuilding ins trumentation which d i d not perform eat i e­

f actorUy after experiment ation had begun . 

While t hree years - apent 1n the conet ruction of 1natrumentat1on, 

thia t heeia will de■cribe only t wo of t he major 1tenia . The i netrument bu 

been prev1oualy daaer 1bed by Engh . (19'.:2 ) . Since t hat time many changes 



iv 

bave been llla4e 1111d n•v piece• or equipnent have been con■trueted. Among 

• are a battery electrometer, a 11u1gr,et power ■upply ror uee in neap­

ing the mu• spectrum 111eg11etieally, a the:r11oatat and phde ahitt thermo 

:regulator, en emiHion regulator, and almo■t 100 glue d1apbr...,,. leak• in 

a441t1on to the many change■ in the uieting circuitry and in the ■ource 

con■truetton. Bee- thia theaie 19 intended to report only exp,truent&l 

reeulta, the majority or the ed41t1on&l conetruethn work '11'111 not W 

taported beM. The two 1tema di■cu-4 here ue includ.ed becauee of their 

tu11queM•• 11114 bee1111ee or the dea1re to have plan■, epec:itieetion■, and 

clreuit1 or theN devices on record u ■con •• poHible. The item• not 

eover■4 here v1ll be reported on later 1n the literature. 

Aa 1n all experimental 110l'k, the data contained herein ie not 

C0111plete. A coneide~bl.e amount of 110rk on thil 1111bJeet Nm&in• to be 

clone. A■ the rea4u progre■ee• through the teitt he will find 1111gge■ted 

avenues for further re•arch. Many or the• avenues have bffn investi ­

gated to - extent. However were theee inv .. tigat:l.ons became too 

tlme con■um1ng it - eon■i4<,re4 adviHble to return to the original chonn 

path. PrelblinUy r11■u1t11 obtained on eome ot thllN tll!lg,ent1&1 inveatt 

gatione wre eneourasing and where further 'VOrk, in the opinion of the 

author, vould be fruitful, it 11 ■o 110ted in the tellt. 

The n- on the title pege eue:se•"- that thie work w• acc0lllpl111he4 

by one man. '!:his I.• not twe. Many people have ai<hld 1n the aecompliah­

ment of what follow 11114 it 1a a pleuure to acknovledg9 at leaet 110M or 

theee contributions at this tSllle. The ~ited si.te• Atcimtc Energy Comie­

aion ,... or great !Mllp in eupplytng needed fund.II tbrougho11t the entire 



to aetaal aniata- in the HN■bling of an electronic ooaponed tor the 

imtruant. Bia help, encowap•nt, and Ullder11t&Dding wre anilabl• on 

all probl••• repr,Ueaa ot aiN. 

The i-r■ou de■oribed abo?e are to a larp extent reapouible tor 

u, trait& borne ot the ti"H 7eara ot work ooHr.« bT tbia tbada at the 

OaJ:,eraiv ot Oreco,,. It 1a with dHp llulli\T and protcnmd tbanlca that 

I tan tbia oppona1v to aelcnowlad1• their oontribaUon. 

Willia■ D. Clarie 
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Cl!AP'mRI 

Intro4uct1on 

leculartty and order 

!n orter to avoid conru.ton 110 often encounteN4 1n reports con­

eemf.ng ctaaical lt1net1ce a elear di•t1nct1on ahould be 1U4e bet- the 

or4fl' ot a reaction and it• molecularity. 

'I.be order of a reaction ie an exp9r'--1t&l Nwlt. Equation (ll 

expre••• 1n general the rate of change ot concentration ot a given 

chemical ll)eclee u a function of t1111e. 

l'fare c
11 

1a the oon.,.ntration flt epH1H x,_ t i• t1111a, K 1• 

ta Citic nte C011stut, a t• the or4er or ti. lll&Ctton 4 can be 

either an f.nteg9r or a traction. JI equation (1) flt• the experimental 

data beet when n • l, then the N&etion le 8&14 to be 1'1ret order, 

n • 2 • MCOl14 ol"ller and 110 on. 

In ti. e nt the pro4uet ot MVer&l concentration• &N IM!cealla?'y 

to deecribe the reaction, then 



2 

an4nv1llbeequaltoa+b+o •••• 

Molecularity 1• obtained troa the lmovledp of the aecbania by 

which tlle reaction proceed.a and auggeata tbe number ot 110leculee ccaing 

together to tOl"II 1111 1nte1.'llllld1ate ccmplex vbicb deaompo"• into the pro• 

duct■• It 4oe■ not, liowffr, eq "'17thing about tbe activation procea■• 

A collision betwen tvo molecule■~ rellUlt in one bavtng .xcee■ enerc,. 

Atter a abort t:IJle tb1• activated aolecule will either clecompo■e or tran■-

ter it■ excess energy to another molecule via a collision. liben it de­

CGIIJIO .. • tbe reaction v1ll be unillOlecular 1n that only one aoleeule -■ 

inYolved in the reaction even tboucb tvo molecule■ were involved 1n the 

activation prc,ces1. It, bowver, tbe collision N■ultea in tbe toma­

tion ot a ccaplex con1i■t1n1 ot tbe tvo colliding 110lecul■■ united Yitb 

a cbatcal bond (wait an4 unet$l>le though lt may ) ♦.be reaction would 

be conaiclerad to be billOlecular. A■ lol1I a■ the naction 18 ample, i.e. 

involve■ a ■inlle ate:,, tli. order and molecularity will be ident1<:al and 

equal to tbe number ot ■tal>le 110leculea vbich unite to tom the ccmplex. 

Howver, relatiwly tew really sillple ,reaction■ exiat. !bat re• 

action■ involve two or • step■ • tmder tbe■- condition■ the identity 

te lo■t and the order re■ulta rr- 1111 empirical rate law wb1ch tit■ 

exp■r:!Mntal c!ata, vberea■ tbe 110lecularit7 mq be aduced only tr 

knovleqie or apeculation abo11t the •ob■nim. 'lhll■, in aen■ral, a uoi• 

leoular reaction doe■ not <lemand tirat order kinetic■ any more tllM a 

'billOleeular reaction ilemand■ ■-oond orur kinetic■• 

Thi■ re■-arob 1■ concerned With a til'■t order, uo1-leoular, 

llomopMOll■ reaction 1n the la■ pba■-. 



lli■tory ot un1111olecular Reaction■ 

For 1118117 year■ no unflllolecular bollO neou■ pe r■aot:f.ona wni 

novr, and many- W>rker■ wre ot the opinion that none exi■ted. In 1919 

Tr8llh and Bhan41.t-l<ar r■porte4 tbat the thnmal dee po■itton ot 

pho■pbin■ wae un1molecul.ar and boaogen■ou■ above 9'1"50{( . Later 

(!Iin■h■lvood and Topl■y 1924) 1t wu tound to be betei,ogeneou■• Then 

Daniela and Johnston (1921) reported that the thennal decomp:>■ition ot 

w2o
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tollowd ttr■t order lav and va■ bollogeneou■. The■■ r■ault■ ■tood 

tor many year■ until Ogg (lS-7, 1950) ebowd that, 1n ■pit■ of being 

tir■t order the reaction ia not unimoleoular but ha■ a more COll!Jll■x 

mechani• · However, ■inae 1921 lllall7 gueoua reaction■ vbicb have been 

■hovn to be tir■t orur have been "ported (Frost and Pearaon, ~ 

and Mechani1111 195:,) . Later work on ■- of the■■ ahowd tba to be 

chain reaction■ • 

At the till■ Tr8llts and Bbandarkar (1919) reported th■ ir work, it 

■-d obviou■ that a tir■t order lav r■quired a unimolecular rea1it1on 

and a ■econd order lav required a billlolecular reaction, 11: tbia ver■ 

true and reaction■ 1n the su phau dapended on bimolecular oolliaiona, 

1t tollowd that tir■t order SU Naction■ ,,.re not poH1ble. 

The Badlation Hypotbeai■ 

The discovery of fir■t orcler, un:IJDqlecul.w, ix-seneou■ SU 

reaction■ appear to give ■ub■tance to the Radiation Theory of Acttva:tlo~• 

.. ■ugge■ted by Perrin (I.ea~ 191:,)(1919), Tr..,u (1918), and w. c. 

c. Lewie (1918) . The etataent of the original, eblpl■ fora of the 

Rad1at1on Hypotbea1■ 1■: 



In ordinary thel'll&l. reaction• soleculea .,.. put into an active 

state by the abao:rption ot infra re4 radiation emitted by the walla ot 

the containing ve■Nl. The frequency ot thia radiation a-r be cal.cu• 

lated tr0111 the equation 

dfn!C llh• 
4t • r.ef" 

where K 1a the thermal Nact1on rate con1tant, N 1• Avogadro'• 

number, h Planck'• conatant, and " the i'Nquancy a.aired. l'rolll thla 

it appeua that when the Naction - rewr...i infrared radiation ot 

tNquency " should be 81'11tted • 

.AlJloat trom tbe outNt the theory ran into trouble. Laa1!11U1r 

(1920) ehowd that the den■ity ot tnfrated radiation 1na1de a hohlr&tll!l 

waa tnautticient to account tor obeerved ratee. Daniela and Johneton 

(1921) toun<l that N2o
5 

waa traneparent at 1.16 micron, the wave length 

predicted by ( ;I) tr011 the temperature coetticient ot the thennal N&Ct1on 

rate. It vaa alao toun<l (Daniela, 1926 ; Taylor, 1926 : Lewie and Mayer, 

1927) that by increaatng the tnten1tty ot the intnre<l radiation ot the 

calculated vave length, no tncrea■e 1n rate wee obNrffd. The ~ 

!!_ grace ,,.. given the tMory with the experilllental tact that reaction 

rate■ tall ott belov a critical pre■IIUN ( see rig. 3, p • .38). Thia .fact 1a 

entirely inexplicable on the buie ot the radiation hypotheeie but ie a 

definite prediction of the collision theory ot activation. 

The radiation theory hu etnce been thovn to be without lllitrtt 

an4 18 preeented heN only becau• ot its hietorical tntereat. It 1• 

an excellent example of a beautUnl theory Meting IIOCle ugly tacts. 
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The Colli■ton 'nleorz of Activation 

Although the colliaion theory ot activation vaa extant for ,eare 

before the cl.iacovery of ftrat order unilllolecular react1one, it vaa not 

unclerstoocl. hov a coll1eion proceae could produce them, hence the detour 

cona1cl.er1ng the racl.lation hypotbe•• · lib.en the racl.lation theory wu 

found to be vtthout merit, the collie1on theory wu re explored. ln 

1922, Lindemann ancl. independently, Chr1et1annn euggeated that activation 

by colliaton vaa compatible vtth fbet order k1netica 1t there wre a 

t:llle interval between coll1don• that vaa ehort compared to the l!l<!&n 

lite t111t1 of an acttvatecl. molecule. It thie wre true, an equilibr11111 

concentration of acttvatecl. molecules, that vae cl.1rectly proportional to 

the concentration of the reactant, ulcl. be 11atnta1ned. The coneequence■ 

of Lindemann ' • euggestton can be 1hown by the follovtng ellllllll)l•. Thi■ 

treatment bu becaite known a■ the l!tnahelvood Linolelllann theory of 

untmoleaular reactions, (BL tbeor7). Con■icler a ciwmtcal reaction vith 

the folloving ato1chlolllet:ry. 

A.e110ciated nth thle reaction 'IIOlll.cl. be the aechallia 

encl. the reveree reaction, 

(6) 

aleo 
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In equation (:5) and (6) )( ean be a 1110lecule of eitber A, or 

one ot the productl, or an added inert gu. Equation (5) givee the 

a,,t1vat1on reaction vhereu (6) and (7) give the tvo metboda b:y vh1eh 

deaet1vat1on ean occur. In the tollOVing derivation A, A*, M, B, and 

C denote concentration& 1n IIClll9 convenient unite (i.e. aolea/l1ter). 

From equation (7) 1t tollova that 

(8) 

(9) 

dA 
• dt "'k-f* • (10) 

Bov eons1dar:lng equation (5), (6), (7) e.a describ1.ng the entire reaction, 

we consider the relationship for dA*/dt and obtain 

(U) 

Appl.yins tba lJ.n<lelDanrl suageat1on ot a time delay and the reaultant 

ate&d:y-at&te concentration ot A* which 11 -..r:y -.U compared to other 

aubat&ncea preeent, we ...,. write u an approximation, 

(12) 

'ftaen equation (11) becomes 
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8ubatitut1on ot (l;l) into (10) yields 

(15) 

wb1ch ia a eecond order lav. 

and ( 14) becanes 

l!ovever at b.l.gh preasure11 k.J" > > 11:, 

-~•~A 
dt ~ 

(16) 

wbieh 1a a t1r11t order law. 

8o ve aee that one prad1ct1on ot the HL theory 1a that un1mole­

oular gaa reaction• sboul.4 become second order at lov preaauree . The 

relJUlta ot this research veritiea this prediction aa seen in Figure ;l 

on page 38. 

At thie point tile question is otten raised why 1a thia change 

tram first to sec011d order lt1net1ce not observed during any given run. 

Aa long u the concentration ot M ae an activ.tor or deactivator 111 

c0118tant tllrougbout a given run, each run will tollov tirst order 

kinetics independent ot preaaure . Thia 18 the caee when the producta 

Juat cOIIJ)enaate tor the loaa ot reactant . 

In general the HL theory does much to explain un1moleeular gae 

reactions. Bovever, it does not give result• which are ccapatible Vitia 

exper1mental data . 

From equation (1) ve obtain the expression tor a first order 
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cU. - d.t • IC A • (17) 

vin& tor the epecitlc rate ■tant, IC ve obtain 

l 
IC • - A d.t • (18) 

{19) 

Incl.uae 1n equation ( 19) 1■ tbe a■awaptlon that X ia con11tant 

1n tlle t1111e interval ueed 1n ealculatin& a tlr■t order IC tr exper1-

tal data. Solving equation (19) tor } givu 

(20) 

Nov tll'OIII equation (l.6} ve de:tine a bigh preelltl?'C rete constant whieb ie 

independent at pre■IJUl'IO 

Subatituting (21) 1n (20) gl,.H 

l l l 
ic • iC + 1tJ!( 

(21) 

(22) 

wb1eb 19 tbe eeeon4 pi-edic1.1on at tbe BL tbeoey. '!.'bat i• a plot of 
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1/K vs 1/M abould give a atraig]Jt line whose al.ope 1• l/k1 and 'llhoae 

intercept 1e 1/K.,. '.ft11a prediction - round to be 1n error. When 

e,cperilllental data ,..,re plotted, ueing the initial pressure as M, the 

llne llboW4 conail!erable C!Ul'V&ture ( see P;l&ur,t ~, Paae '9). 

Jlerbapa the moat eerioua detect 1n the n. tbtoey 1■ tile U1MDP­

t1on tbat all. act1va.tecl molecule• n,act !It the •- rate. It -• 

rea.10Dable to expect the hisllly energized aoleculea to hllve a llhorte.r 

11teti!Qe than those with lower energies. TIU• being ao k' 'liO\lld be 

a hnction ot the pressure and a plot ot 1/K ve. l/M no lonser y.telcl9 

a Straiellt line. 

'l'o account t'or the curvature 1n the plot ot 1/K va. 1/M three 

tbeoriea have been advanced. 'l'IIIIN are clue to ICaaeel (1928), Rice 

and Rameperger (1928), and Slater (19?) anll ell a..- based on the 

Lindemann mecbcan!.1111. '1'1111 theories ot l'.aseel, and Rice $Dd llamsperser 

ere quite similar. In view ot thi., only the Ka41ael theory will be 

considered. '!be Slater theory and the ICaseel yield nearly the -

results 1t the •ubat1tut1on 

is made. Here s is tile effective nUlllber ot oscillators 1n the molecule 

accorlling to ICaaael, and n is the number ot oaeillators 1n the Slater 

theory. 

flae Slater theory requires only the activation energies in the 

way ot BJq>er:tmental data. ltllrever it is limited to rather the small 

lllllllber ot molecule• t'or 'llhich a tu1l IIP"ctroacopic stully and Yibra­

tional analyei■ can be made. Slater (1953) bas reported a c~lete 
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derivation tor the caae ot tile cyclopropane 110lecule. In cona1dera­

t1on ot the tact t.hat the reaulu ot tbe Blater end Kusel treatments 

are ailllilar end tbat the KaueJ. treata.nt requires only that expert­

•ntal data usually obtained 1n kinetic wrk toptber with tile enlua­

tion ot a ditticult integral, onJ.y tile Kuael trea1aent will be dia­

cuHed in this report <- Chapter V) . 



CHAPTER II 

Preparation of Saaple 

boetbane 1a a colorleu liquid bav1ug a boiling point of 58,0°c 

(llenaud and Leitch, 1954) and a ultiug point of leu than -ao0c. It 

•• prepared fro■ ■;r■•di•tbTlb7draa1ne b7 llild oxidation, 

The 1:,.-dietbTlbTdruine •• J)l'epared b7 the Mthod according to 

l!a\t (Orpnio S)'nthe■H, 1943), 

The ■ethod pr-•d• u foll01111 

0 BB 0 

2 OC~l + •2H4•¾S04 ➔ottt~o 



B B 
I I 

CBJ<)H2,~ CB2Cll) + 2 
H B 
c1• Cl" 

l2 

0 
II 

O C.OB 

The df.117drooblor1de •lt •• recl')"lltalli .. d tro• an eth7l 

alcohol and •ter ■l.xtllre at leaat fiw Ur;ea, Th• r .. ultina aterial 

•• a enow•white ••• of needle or,atale which on ■tending in open air 

elowq dH'eloped :,ellow apota . It •• thouaht th■ t tbeM :,ellaw apota 

were areaa in which oxidation had becw,, After further reer7atalliza• 

tion the produo\ •• kep\ in an air-Ua:ht bottle under an atll08phere 

of dr7 nivopn, !lo further ditfioultJ •• experienced. 

The oxidation ot e7a-4ieth7lh7dr .. ;ine hu been reported h7 

Thiele (1909), Jahn (1937), and Renaud and Leitch (1954), 

Tbe Mthod of Thiele (1909) irrf'ol,...d a K2l)r04 oxidation, The 

cxidaUon 11111• qui\• Tigoroua and the 7ielda ftre ••ll (about 10-20%) • 

.l ea111ple •• prepared by tbia 118thod and purified, Ita au apeotru■ 

did not ditfar !roe that obtained troa other •thode, Thio 7ield •• 

~ of thaor7. 

The 11Bthod of Jahn (1937) uaed the Cu2Cl2 addition c011pound of 

the dih7drooblor1de salt, Thia •terial •• 1ade by the addition or 

CuCl2 to an &<,UIIOWI aoluUon of the dih7drocblor1d• which had 1-en 

buttered with aodiua acetate. Th• preo1p1tah was filtered, washed, an,! 

dried ill !Ul!!!.. The dried precipitate ne then hea\ed to 20ooe an,! the 



azoethane oolleowd in a dr7•ioe trap. ••• apeotrua or the product 

ahowd the presence or 2~ e\1171 chloride, Arter diatillat1on thro1Jih 

a Todd colUllll, th• traoUon colleowd at 57•5900 Npreaanted a total 

;r1eld or 5~ of theor;r and no •"71 chloride was rOUM to be preaent. 

The •u apeotr,,,a or the aa■ple agreed wtth that obta1118d tro11 tbe 

firet athod, 
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The mthod of Renaud and Leitch (1954) wee found to be the ■oat 

atrdehUOl'llard and pve the highest ;r1•lda. In tbla Mthod an aqueoua 

solution of 16,1 g (O,l M) a;r■-dieth7lqdraaine dih7droohlor1de, 8 g 

(0,2 M) laOH, and 45 1111 water ne added to a flaak fitted with a •1D•tio 

atirrer, Vigreaux oolU11D, o. reoeiYer, and containins 29 g (O,l.35 M) HgO 

in 45 ■l •ter. Stirring n• started and continued for 10 ainutee, at 

which ti• the stirrer na reacrred and the !leek wa. gentl;r heated, The 

• terial boiling batnen 50°0 and 10°c waa colleoted and dried b,y paee• 

ing it over P205, which wu contained in a tuba mounted betwHn two dcy• 

ice trap•. The product na then di■Ull•d throueh a Todd oolw,m and the 

traction boiling between 57,5°<: and 5s,5°c wea re11cr,ed, The ;yield wea 

80•9'$ of tbeor;r, The ••• spectrum of this product agreed with that 

from the other two 11ethoda, A totel of 80 g of azoethane waa produced 

and uaed in thia work, or thia a11ount 70 g were •d• b,y th• laat mthod. 

The oxidation of s7■-die"7lh7dradne to uoethane prooNc!a 

aooording to the following eq1:1&tion1 

r 



16.lch attention wu given to the purity of the azoetbane used 1n 

thia 110rlt . Other tblln method of •1!lthea1a and boiling point, no ci,1ter1-

~r purity were svailable , lllch more 111ater:ltll Vll8 used 1n the purit7 

110rk than Vll8 ueed 1n the kinetic rune. 

A low tel,peratuN fractionating column vaa constructed after 

LeBoy ( 1950). A emnple ot uoetbane Vll8 placod 1n the column and cooled 

to -SOOc. A total of atx traction• were removed. at temperature 1ncre-

111Bnta or 15°c and their ,..... spectra run. In the .-thane obtained 

trca tlle tirat and aecon4 methoda of ayntbeaie, - acetonitr ile and 

n-bute:na vae found . Jiolle'"9r, the 1JM1ctra obtained tran tbe au tractions 

on a sample tl'Qlll tbe third met.hod did not 41tt'ar fl"Olll each otber. Prem 

tbeee Gata it vu u-4 that we bad (a) a batter product t:rom metbocl 

t.bree (Reneud and Leitch, 1954) end (b) that the -· epectrum wu in­

deed tbe true epectrum of uoathane. 

In Figure l , tbe 111U8 apectrua ot azoetbllna 1a repro4ucad exactl.y 

u it appeared on tbe Leed& and Nortbrup Spee4aaax Recorder. In thia 

epectrlml tbe magnet current vae -.aried and not the accelerat1ng vol.tap 

u ia uaually the cue . 

M:)st of tbe peak• expec"t!d 1'raa &;ZOGtbane appear. Tile 86 peak 1a, 

ot COUl'ee, tba pa.rent pellk . Tb& 57 peak corre11pond1ng to the trae,nent 

CH
3
CH,JIII+ 1a a me,Jor peak toptber vith the 43 peak (C!f-,Clkll•) end the 

28 and 29 peak C•
2 
+ and CU,~+). 'l.'be 111gl1 41 pull could pou1bly !lave 

been c1ue to aceton1trile preeent as an 1mpurity. However, repeated 

tractionat1ona failed to alter ita e1se . Sevei,al trai,nent1 vitb lll&88 41 

could be t01/llle4 b7 <1ecaapos1t1on ot the parent 110lecule by electron bom• 

+ + 
bardment. Amc,ig tbeee are CH

3
CN , and Cllml • 1'e1tber or tbeee -

eapec1&117 probable. lleez,rangement or recaabination COUld lea4 to 
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PIGURB l 

Ma88 l!(>ectrum of Azoetbllne . A Reproduction of an Actual Run . 

See Table IV tl:11: Detail• . Spectruni Scanned Magnetically. 
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+ CB.,~c , but th1• doe• not appear probable eitber, It ii not po11aible to 

decide vbicb trapnt or proceea 111 cbietly reapona1\lle for the 41 peak 

lllld, 1n fact, all could contr1but.e , It one usea li-0 volt ionising electron• 

illatee4 ot tbe 70 vol.ts uaually ueed, tbe masa spectrum ot azoethane re• 

mains TerT mueb the - vitll tbe exception of a decrease 1n tbe peek• at 

masae• ill, etc, b effect 1e the - u &lcreuing tbe 88>Ullt of 

aceton1tr1le 1n a mixture ana obeerving tbe decreue 1n the -• gpectrull 

ot -tonitrile 1n the epectrum of the llliXture, ?r tllie effect ta real 

111'14 tbs interpretation of tbe facts given, above 18 correct, tbe poH1bU1t7 

of organic a1').tbe818 by electronto bambar'dlllent appe...-. poHible. 

b canplete maee l!pectrulll 1B given ill Table I and wae obta1Ded 

from the spectrum shown 1n J'1gure l, In order to fit J'~ l onto a 

•tandard page it vu neceasery to reduce its abe pbotograq>hically, h 

original tra.e:J.ng - ~ 1.50 t:IJIIH u large u J'igure 1. 

It baa not been po .. ible to pump 401111 tbe vacuum ayatem in an;r 

maee speetrmeter, uaing a tunpten filament u an electron source, to 

the po:IJ>t vbere no pealu are obtained ¥1th a detector capable of l'eCOrding 

10·15 -,pa, 'lhere 1• alvay11 at leut a maH 18 (water}, and a-• 28 

(carbon monoxia), At tbeae leffla of sensitivity a "cleu" system 11111 

not g1Ye a mu• 32 peak (ox:n;en}, As a -tter of teat, the preaence of a 

mus 32 peak ia almoat alva;ya indicative of a leillk 1n tbe ayata, 'l'beae 

reaillual peitkJ are know aa background and the spectra obta:lne<l lllUllt be 

corrected for them, '?bl• ta Cone by taking a epectrwa 1-diatel.y before 

runn:J.ng tlle 1J8111Ple and subtracting tbe b81gbt of tbe background peaks 

trom t.hoee obtained from the ffllll)le. Thi• 1'11,tller simple correction 1, 



'l'ABLF I 

Maas Spectra■ ot .lzoetbo.ne (see l'ig. 1) 
(corrected tor backeround) 

Maaa-Cbarge Type ot 
ratio Peak 
(ll(e) 

12 
13 
14 
15 
16 r,1 
17 r,i 
18 
24 
25 
25.2 • 
26 
27 r 
28 
29 b 
30 r,1 . 
31 r,i 
38 
39 
40 
41 
42 
43 
44 r 

a.la tiYe ll&ss•Cba.rge Type ot 
Intenait;r ratio Peak 

Cm/al 

.JS 

.35 
2,27 
6.04 

,.38 
.19 

1.21 
.10 
.64 
.10 

5.72 
32,39 
U.,08 

1QQ..QQ 
8.21 

.19 
l.J7 
2,72 
6,16 

11.66 
9.20 
5,01 
1.50 

45 
51 
52 
53 
54 
55 
56 
57 
58 
59 
63 
65 
66 
69 
70 
71 
72 
SJ 
84 
85 
86 
87 

r,1 
t 

r,1 

p 
1 

No tee on Table I 

Leak B (Dia, = 10 micron) 

Relat1•• 
Intenlit;r 

.16 

.06 

.06 
,10 
,06 
.64 
,54 

13.00 
1.79 

,03 
,10 
,13 
.06 

1,41 
.13 

6.10 
,22 
,03 
.61 
,32 

lJ,80 
.70 
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EACCEL = 2000 V, 

Eaolill. = 10 v. 
InL. = 4.65 Amp AO 

ITIUP = 15.5 fA9P• 

Iease = 44.0 J'4'Gf>• 

Prea811N = 25,.3 micron (C.E,C, aicromnometer) 

J hr, nit tor equilibrium 

lla&netic Scan 40 • (aau 12) to 140 as (aaH 102) 

Scan ti• <•u 12 to 102) = 23 111n, 

~np1t1y1tx 
(11 llicron on recorder, shunt 20) Senaitbit;r or L and Ji recorder (Shunt 20) 
Azoethane ••• 29 (base pealt) 62,l 4 x 10-1, up/m (with 1ol2 ohm input 

mau 86 (parent peak) 8,58 realetor) 
II-Butane IIIBII 43 (base pealt) 78,5 

S;rabola I P - parent peak r • rearrangeJDent peak 
b • ba■e pealt • - metutable ion pealt 
1 • isotope peak 

I 

,, ,. 

I 

l! 
J 

!I 
h :I 
ij 
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'JDII!: II 

.Background Sp&ctra tor l'igure l 

Mua- Cbarge Peak Height Nu a- Charge P,,,ak !!eight 
ratio (111111) ratio (mn) 
(m/e) (m/e) 

15 2.0 40 2.0 

16 1.5 41 7.0 

17 8.o 42 8.o 

18 ;s .o 4:, 8 .o 

26 2,5 " 20,0 

27 10.5 56 l ,0 

28 4:, .o 57 l,0 

29 4 .5 7l ,.o 

30 6 ,0 86 1 . 0 

39 :,.o 

a 
pc>Hible because the peak height 1"z\l1near tunct:lon Of the pressure over 

a wide renge ot pressures. 'l'be background epectrum tor the aample given 

in Pigllre l ie given 1n 'l'able II, 

It should be pointed out that the data given 1n 'fable I are rela­

tive peak beighta. BeC81118 the - epectrum Of any eample 18 a function 

Of the ge om,try ot the partieulsr instrument and the 1onizat:lon efficiency 

of the eource end bolllbard:tng electron be•, it 111 exceedingly diff'1cult to 

obtain absolute mass spectra. 
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In JDOet inetrumente the magoet c:urrent 1s held ,;onatant and tbe 

accelerating voltage 1■ el.owly changed to obtain e. spectrum. While this 

1natrument bad thi1 capability it vu not ueed to any sree,t extent 1n 

thia worlt becauae of "discr1m1nat1on" or "voltage etfeet. " l:f' any mass 

i■ brought to fooua at several d:lttereot eettings ot me.gnet current• 

and accelerating voltage•, :Lt 1■ noticed tbat the peak height will vary, 

usually becaning small at l011er accelerating voltagea . 'l'be exact l'ele.tion• 

llh1P between accelerating voltage and peek height ia aleo a function of the 

geometry of the l.nst:tulnent an4 the ditterent voltages applied to the 

eouree . Thia effect 1a known e.a "discrimillation . " It C&EnOt be dispenecd 

V1th but it can be reduced to a conetent effect by ehooeing an accelera• 

ting voltage and keeping it conetant throughout any wrk done w1th tbe 

DSll spectrometer . A spectrum ia tb<ln obtained by varying the et 

=t· It ""'8 1n tbia manner that tbe spectrum given in Pigure l , ,Ml&e 

15 waa obtained and in fact in this entire vorlt . 



C!W'T!R III 

:lxperimental llttbo4 

Tl» proe dure usually i'olloved during the eouree o1' a kinetic 

run 1• -1scd belov. A INllq>l.e o1' uoetbane w.a lldmitte<l to a 18J!Ple 

introduction ll)'lltem. Tba purpo• ot this ayatem VM to }'r<)Yicle a mean11 

o1' ll8lllple 1ntrocluet1on into the tbe,-l dec0111P<>eit1on tlaak d detar-

ining the initial preSBU.re 1n th1e fluk. In the l)Nl!llltlre nnge O to 

200 microna, thU 1n1t1&l preewre was e&111ly cletermine4 through the uee 

ot a Conaolid&ted Kngineer1ng Corporation 111~ter. Jrow,ver, in 

the range from 200 11icrone to 100, 000 micron• the preeeure determination 

waa lll)N dU'i'icul.t. 'l'h1• 'IIU accOlllPJ.iehe<\ by introducing a 9a111ple at 

uoetbane into a pipette ot known wliae under a knOwn presBU.re. Thie 

preseure wu determined thro>,lgh the uee ot • 0 to 50 mill1meter Wallace• 

Tieman abeolute aneroid -ter. ~ vol1.1111e and pre•aure 01' tbis 

pipette vaa ao choeen tbat upon expansion into the re41Ction 1'la8k the 

deeired initi&l pressure would be obtained. In the pressure ran&e 1000 

microns to 50,000 llicrons the 1fal.l.ac:e•'l'iernan 111&1l01118ter vaa ulled direcUy 

u a measure ot the preeaure. In the raoge 50,000 microns to 100,000 

I 

I 
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tour preaeure measuring ayatema wre caretully calibrated and croae• 

clleckod to give a true ecale ot preaeure t:rcm l mie1'0n to 100,000 

microna, llben the pipette and aubaequant expansion vu UMd, the ideal 

gas lav vu &a811118d to bold true. 'l.'bU 1IU shown to be true for butane, 

normal lie-, argon, an4 azoetbane, 

With the ilalllpl.e 1n the reaction tluk, the fl.ult vu abut ott traa 

the NIII.Ple IY'ttell and the dee poait1on run vu begun, Because the thermo• 

atat - al.W1q9 at t,be operating temperature at wich the run wae to 'be 

made at the time of the IIIIIU)le introduction, 1t vu neceeaary to 0011U>lete 

the eample introduction arut preaeure 111e.,11~nt 1n aa Ghort a tillle 88 

poeaible, 'l.'b1e vu made neceaeary by the tact that 4eccmpoe1t10n atarte4 

88 aoon aa the ernple gae entered the beated flult, reeulting 1n a preseure 

1ncreaae, Part of the pa woul4 then expelld out of the reaction tluk if 

CCIIIIIWJ1cat1on bet-ween it an4 the aemple 11:ysten vu not •topped aa quJ.ckl.y 

aa poH1ble, It\ an ettort to get con•iatent preeeure -t•, tile 

tolloving er1ier1on vaa ueed tor meuuriag the 1n1t1al preatllll'II, Jl!lllediately 

atter a em;ple wae allo-wed to enter the reaction tlaak, observations were 

made of the change of preaeure vith time, Ae the 11111q>le expanded into the 

reaction fl.ult, the preeaure tell towe,rd a lower value. Ae long aa the 

preeeure vu falling, C0111111UJ11cat1on betveen tlle 111a111ple ayatem and the 

reaction fl.ult vae maintained, '!.'be tall 1n preasure began to •lov up and 

finally •topped• At th1• 1110ment tb1 1topcock vu abut att between tbe tw 

ay&te:u. UtlinS tll1• technique no difticulty vaa involved 1n reproducing 

an;r given kinetic run Within the eiq,erilllental accuracy. 'l.'be time reqµ1Nd 

tor the N111Ple introduction varied frall 10 to i.5 Hconh, longer times 

being required at lower initial preseure• vb$i:i uaing the 1:, liter reaction 

tleslt. 

I 
I 
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PEAK RISE TIMES 
AZOETHANE (86 PEAK)+ n-BUTANE (43 PEAK) 

• AZOETHANE-TUBECOLO 
■ AZOETHANE- TUBE AT 300°C 
■ n-BUTANE - TUBE COLD OR AT 300°C 

4 6 8 10 12 14 16 18 
TIME (MIN) 

PUMP-OUT TIME FOR 
AZOETHANE (86 PEAK) +n-BUTANE (43PEAK) 

• AZOETHANE - TUBE COLO 
■ AZOETHANE- TUBE AT 300°C 
■ n-BUTANE - TUBE COLD OR AT 300°C 

4 6 8 10 12 14 16 18 
TIME (MIN) 



'1'lle molecular leak 1n the canter ot tbe reaction tluk vu con­

necwd 41roctly to the !.nJAt ot the--• ~trameter. A 1111&11 sap].e 

ot su vu :removed from tbe rncti= flask continuOuely lllld 1n 1110st 

...-e tbe pcent :,etik (11168■ 86) ot uoetbm■ - continuously IIOllitored. 

In two run■ (llo. 1011 an4 12.3) tb■ entire 9.PBctrum ot tbe deampos:Lng 

■y■tem vu moo1tore4, Run lot. vu made at a ~ature ot 260.cf>c end 

a preHUN ot 25,500 aicrona and vu fol..lowlld tor 60o ainutes, Run 12~ 

vu at a60.o0c, 10.!5 a1crcn■, end wu followed tor 1200 ainute■• 

One great <Utticulty vll.ich pre-ted 1t■ell early 1n tb1• work 

vaa the t1mll neoeHu-y tor the INlll!Ple to atteill ad9orp1;1on equilibrium 

witll tbe valla ot tbe .... ■peotr...ter, '!hie tJM varied tl'CII 15 to 

,:, minute• tlepending on tbe initial preuure. A t;n,1cal ca. 19 lllli>wn 

1n Figure 2. :n.■diately after the introduction of ta N111Ple, tbe 86 

peak ot uoetbene ro■e to about i.~ ot 1ta final Y&l•ie. llllreefter, tile 

r1ee vu rather alov and con..-4 18 minutes betore a steaey value wu 

reacbe4, In an effort to correct tb1■ condition, tbe entire tube, OQII• 

pri■inll tile - apeatrameter and the pump1Dg lead, vu 'ffllPPed ¥11:ll 

nichrome Vire heateN 1mbe&le4 1n ubestoa. Many curves ot the tn,e 

ebown 1n Figure 2 ,..... run. It vu d111COVered tbat after tbe tube vu 

beat.ed to ,:.,rf'c a f'urt!ler tncre- 1n teperature ha4 no •iflnltlcant 

effect. '1'lle effect Oil beat:Lng the tube to '!J)(IJC 18 abow by tbe ■eaond 

curve 1n Figure 2, It 18 - that tbe peak rise nav reaches l00'J' ot its 

final value 1n lees tblln ;50 NCOllda, In an effort to llbov that tbie 

•st1ektneea" vaa a functi0111 ot tbe pu-ticular campaund and not ot the 

instrument itaell, otber compounds wre run and peak rise times obta1necl 

on tbem. 'Die ■ecoa4 cvve on Figure 2 is tbe pellk riN tilie ot 11-llut&M 
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vitll tbe tube e1tber at room ~ture or at -,:,o0c. 110 •1&nif1cant 

cllanelll - discovered 1n the peak r111e time tor n•'butane v!len the 

teaq,erature ot tm tube vu raised fl"CD room tea;,erat.ire to -,:,o0c. 

'l'bi• vu al■o true of lll8QJ' otber b:,drocarbon caupo,mde, It 11U aleo 

ell-red that aloollOle, al~•• ketone•, amt 11111nH behaved much 

1ll tbe - ~ u uoothane but to varyuig degreee, '1'he result& of 

W• writ 1n41ca that tbe aore polar tbe ca:,pound tbe re "atiek;r" 

tt beccaee, ¥1th llldnee aid cerboxyl1c ac1da being the chi attenders. 

Thia - effect vu aleo not4d ¥1th respect to the :pu11111•out t:llllls tor 

■- ot theN ccmpounde. Pigure 2 llboVII two -· obta1ned With 

azoetbane With the tube hot and cold and With n•butane e,p,1n ¥1th botll 

bot and cold tube, It 11 - tran these curvee that lllllllta1n:lng the 

tea;,erature ot tm tulle at -,:,o0c :ll,rprovee tbe pump-out cheractertatica 

of .-tbane to a eona1derable Gegree, In tbe data that toll.on, runs 

Rune 19 through 151 wre made 

~ teelll11flU• ueed 1n obta1n:lng tile data on t2le kinetic rune 

fol.lewd - ot tvo metbode, In both •tbodll the peNDt peak (mu• 86) 

vu tollowd u a function of t!lne, llD tbe f1rat metbod tbe &!flection 

ot a pl.v-ter 1n the output circuit of the ele~t.er vu recor6ed 

u a function of tille, '1'bie method - too time 8Ulll1ng because it 

requ1N4 cont:tnuoua attent10R tor l.ccg parioda, 'lberefore, the eecond 

mtbod vu evolved, vllich corteiated of e4,1ust1ng the mus IJPOCtrane~r 

eo that the paNnt peak vu being observed, 'lbia wu thin recorded on 

a Leode and !lortb:rup Speeda:iex recorder, Jlttar appropriate correctlona, 
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made nece•sery becauN of be.Ckground 1n the m&11• spectrometer, the data 

wre taken trgm the Speedcmu recorder cllarte and plotted, A plot ot the 

logaritblll of the peak height verwa t:!Jae 'llall made tor each run and tbe 

b .. t straight line drsvn tllrougb. the date, In moet cue,, the data. ob­

ta1ned toll.owed a straight line tor at leut 2 halt-livee, rn the higher 

preaaure region thie 'IIU recluced to appro:dlllately l to 1 l/2 balt- llves 

before llertation rrcn a atr111Jlht line vu obse!:'Ved, Specific rate con-

preaaure run•, it - neceuary to eppl:y a leak-out correction to the 

,pecif1c rate constant eo obtatne4, 

A great deal or exper:!Jaental work waa u.ceesery 1n order to deter­

mine the value of the leu:--out correction u a tunction of temperature. 

During tbe course of thia writ two different fluke and leaks were ueed, 

a 2 l1tff tlaek tor hillh prea111Urea and a 13 liter tlll,llk tor lover pressures. 

In the range of 3()00 micron• to 100,000 1111crona the leak uaed vaa eo 8lll8ll 

that no leak-out correct10ll vaa necee11ar7. 1'lllt hiJlh preelll!I'ea :In thi• 

range p.ve more than IIUffictent etgn&l. :In spite ot the -11 leek, eo that 

the peak )ieight could be followed With e.-e . In the lover rangee, how­

ever, 1n or<ler tl!at a ~ticient a1fplel level be obta:lned, a larger lealt 

we nece,..-:y. ot COIU'N, the larger leak 111eant tbat a larger percentage 

ot lll8terial 'IIOUld be lost t.brougb. leak-out. It "88 1n this range that 

leak-out corrections were neceesar:y, In the range 8o to 3()00 ■1crone tbe 

leak-out correction "88 ..ii. It lll!IOunted to, at ite greatest, -,i. ot 

tbe observed value ot the spedtic rate constant, l!Owver, in the ' range 

1 to 8o microns preaaure the leak-out correction be- quite large and 

at the l011&st preesure and te!IQ)eratlll'9 it amounted to 5~ or the observed 

I 
I 

J 
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rate of decreue ot the be1'/:ht ot the 86 peak. It was 1n th111 range that 

conaiderable vor!t vae done 1n order tllat a value for tb.11 correction could 

Olltalned. Accord1ng to claallic kinetic theory, the 11umber ot •leculea 

which nil leav. the reactio11 ve11ael tllrough tlle lAak 1• giVll!I b;y 

---= '{aii 
cit •V V ii1i 

1• the total numbe.r of molecules contiun.ed 1n volume Y, A ta 

the area of tbe hole, T ia the tuq,erature 1n degrees Kelvin, M is tbe 

J110l•cular veipt ot tbe l!IOlecule, and t 11 the t:lme. 'ftli• e:ic;preesion 

11 the m.unber ot molecule• that vill leave volume V tllrOugb a bole 1n 

v, and Mare 

coostant. '1'111• reduces tbe above e:ic;preaaton to 

where k 1& tbe conatant containina the above parameters. J'urther, 

vmn Olll;y one temperature 1• coneide:red, VT ta constant and ve bave tbe 

•~-■1on 

•: • k' If (26) 

'1'111• 1• a firat oril.er rate lav. llormal :aexane wu cbollCn for use 1n the 

leak-out exper1Jllent11 because it& molecular we1'!:ht 1• identical to that ot 

azoethane 11114 turt.ller tbe pomatrical eir.a of the mol•cule also epprox1• 

111&te• that of uoetllane. COnatant value• tor k', u1tna llOrmal bexane, 



were 41tt1cult to obtain 1n the tem;peratu:re range 2'()°C to }J.o0 c. 

Obteinin& tbaae data 'IIU made 41tticult by the long t:tm .. that were 

neoHIIU')' to CCllll)l.ete a lHk-out run, and the lov e:lgDal.a that wre 

obaerved be- at the aall lealt-out rate. Altboug)l the data were 

•x-41ngl:r scattered, a aquare root law -.ie4 to be poaaible. Alt 

attempt to resolve tbie ditticulty - lll8de by rwm1n& leak-out correction 

curve• ou aeoethane itNli' at a su1'fie1ently lov temperature wbere thermal 

de0011p091t1on IIOUld be 1111ch elowr than the leak-out rate. 'l'bie turned 

out to be about 2<XJ0c. Value• obtained bere were ealler than tbose 

obtained troai an extrlli>Olation ot the leek-out rate ot normal heune at 

tile bigber teaperature■• llecauee the data obtained "1th uoetbane at 

tba lcv temperatures vaa :l'airl:, cons:tetent and reprotl.uc:tble, it va■ 

decided to uae the aquare root ot temperature law and extrapolate the 

leak-out valuee tor asoetbane trQII oo<Pc u,p into the range at llhieh the 

kinetic run■ were made. b re■ultant value• are .iiovn 1n Tal>le III. 

TABUI III 

Leak-out Correct:tona in Preaeure llanse o-80 i, 

Telnlerature 0 c ~ 
260 o.81. 

270 o.~ 

l?8o o.a, 

290 o.86 

300 0.87 

}10 o.88 

J 

'• 1i 
I 
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At tile given temperature botb tile lealt'"Ol.\t rate and IIJ)ec1f1c rate con• 

stant f'ollo'Wlld a t:trat oraer 1.av. 'lhia enabled us to subtract the leak• 

out rate cOl).stant f'ra!I the apeo1f'1c :i,ate constant , l!l this wy a cor• 

rected spec11'1c r&te ccnstant wu obtained anll all value• of' tjUe con• 

stant were corrected in thie manner , 

~ing tllllJ ent:tre series of rune a record was made of' one or both 

tem,pera~• t'l'OII either a platinulll resistance t?iermaneter Ol' a cal.1· 

brated cllranel· alumel thermocouple . Tbe t1!9moccupl.e was pl&ced in a 

well Pl'OV1ded in tile center of tbe reaction flaalt 1teelt'. 'l'be platinUm 

resistance tbe:maneter vu placed in tbe ail' stre• in one corner of' 

the thel'IIIO$tat, ~nt betveen the tvo teuiperaturea measured vu 

never vorae tllall 0 .1°0. 

ot tbe total of 151 ltinetic rune maae, 133 wra 8traight kinetic 

rune in vb.1ch tbe parent peak of e.zoetllane, mas 86, 'WU f'ollowd as a 

function of' time; 1n 2 runs all tbe peaks were followed ea a function 

of time I i. runs vere made tor the purpose of' analyzing tbe products of' 

the de00111pOsitionJ 8 runs wre made vith the re&etion f'.J.oak pecked with 

eut'f'1c1ent Pyrex WllOl. to increase the total surface ~• a factor of' 20, 

P1ve of' tbelle packed tlaslt rune vere at 3l-0°e and ill the FO•- range 

of 10 to 100 microns, and tllree vere in the - pressure ~ but at 

~
0 e; Ii- rune "'""9 lll&lle ¥1th a mixture of m toluene and l~ azoetbane, 

The purpoae of' these rune -,;id tbe &.ta gathered will be presented 1n the 

section, "Data and Results, n 



CHAPmlV 

Data Ul4 Relllllt1 

In W• cblwter the data and tat re11Ult1 ot tbe data vUl be 

aented, Only minor e011clusion1 wUl. be draw . Tbe interpretation 

d con11equences ot tM reeul ts vU1 be taken up in Chapter V, "DU• 

'l'bo data collected during t.ht couree ot l5l kinetic runs are 

ven in Table IV. In order to c011eerve l!pACe, a system ot abbrevia• 

ion■ wu adopted and 11 given at tj:ie end ot 'hbl.e IV in the MCtion 

''E,iplanat1on ot Table IV. " In Figure 3, pae,e ,S, 5 + lJJ"'i,r}( VI los1ol' 1 

11 plotted tor tbe eeven ta,weratures •tudied. !be aolicl curves wre 

btsined from ~ Kuael Tbeory and will be d11CW1aed in a later eection . 

Tbe rellUlta ot !lune l, 9, 10, ll, 12, 16, 22, 55, 63, 79, and l.4; 

are included :1.n Table IV, but ve not plotted in i'iSUM 3, page 38. 

Rwis l tb2-ougb l2 were lllade with a cold epoctramet.er tube and re con• 

A careful. cbtck ot tbeae rune vi tll a bot tube shoved 

ll, and 12 were incorrect and only theee were omitted, 

The other rune were omitted becanee of exceHive scatter or inltr\.mlental 

ditt1cult1H, 
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1UDI lV 

ot Kinetic !tune 

(l!ff end at table tor e,q,lanation ot the system wied bore} 

110. Initial Presture 
1n 1crou(P1} 

(m ro:r.:wwINO AllS NI A ~ r:# 2'>J . oo0c ( 523.l.6°tc)) 
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TABt.11 I'I ( Oont :l.m!.ed) 

Bun lllo, lnittal Preuure 
1n micron& {P1) 

{'1'111 FOLLOVINO Rtll'8 Alli il A TllllPl!!W.'llR <, Z'[0 ,00°C {;.,,,16°K)) 

120 300 4, ,.,:) l li-~ai.o · 5 l ,6:,85 0,62/'4 
60 100 8.o60 l 6.058 · 5 1,906, 0 7823 
22 101 8,210 l 6,9&> · 5 1·,9J,ll.3 o:St.'9 

1119 ,,, 8,290 l t.·,298 -, 1·,9186 0 ,63'3 
ll.9 :,,0 9·,970 1 5,956 · 5 1 ,9997 0,TI,O 
59 100 1.:M 2 7.222 - 5 2.1889 o,8587 
21 100 1 .556 2 6.9;. - , 2.1920 o·,&10 
,s 100 , .100 2 7,826 -5 a .4914 o,8935 
20 100 3.101 2 s·.6!J8 -5 2.11915 o·.9,0. 
19 100 6·.229 2 1.05:, -ii 2.~ 1·.ozit. 
6l 100 6, 51.0 2 9.416 -5 2,81'6 0,97'9 
J.8 100 1·,242 3 1,009 -4 3,09il0 l',0'70 
56 100 l ,252 ' l ',012 -4 },0976 l ,005'? 
55 101 1~265 3 9,"8 . , },1021 0,9753 
,r 100 1 .278 3 1,003 -4 , .1065 1,0013 
96 200 3, 300 3 1. 328 -4 3, 5185 1,12'2 
95 200 6 ,400 3 1.;.3 -4 3.8062 1,1281 
93 200 l ,2,> 4 l ,li-05 ◄ 4,0899 l ,11177 
92 200 2. ,SO 4 1.59:, -4 4 .llu6 1,2022 
911 200 11 . 9110 4 1 .6.51 -4 11 , 69'7 1 ,2125 

105 :250 4 .960 4 1.616 -4 4 .695; 1.aost. 
97 200 1.oi.o 5 1.631 -4 5.0170 1 .2125 

{TIii F0LLOWI!fG RllNS A1lB AT A TltMPllW1URI ar 2&>.oo0 c (553.16°1:)) 

141 "° 2. 500 o 2.282 - 5 o. m9 0. 3583 
1li-2 :,,0 5. 300 O 3, :,59 -5 0,7243 0 . 5275 
143 301 5, 580 o 4.721 - 5 o,7li-66 0.€,740 
140 300 9,6.,, o 4 . (,1,.5 - 5 o, 98'6 o.w,o 
1'9 300 l ,970 l 5.806 •5 l ,2945 0,7631, 
l,S 300 :, ,88o l 8 .608 - 5 l , ,a88 0 ,9;.9 
27 100 8,210 l l ,297 -4 l , 9J/I. 3 l,ll.29 

1'7 ,00 8, ,ao l 1,281. -4 l ,~l l ,1076 
a6 100 l , ,Sl 2 l , 5116 -4 2,1989 l , J.892 
25 100 3,218 2 1 .00. ◄ 2, 5076 l ',2751. 
24 100 6, 2711 2 2.185 -4 2.7976 1, 33'75 
23 100 l',278 3 2.485 ◄ , .10611 1, 395' 
(,Ir. l!OO 2,,00 ' 2,689 -Ii, 3. 3979 1,4296 
65 200 5,700 3 , .o.J. ◄ 3.7559 1 ,48,> 
66 200 1 ,200 4 3,0'6 ◄ 4,0792 l ,4823 
67 200 2.565 4 3,227 -4 4,4091 1. 5()68 
68 200 4 ,990 4 3, 391 -4 4,6981 l , 5303 
6:, 201 9. 500 4 2.978 ◄ 4.9177 1.4739 
69 200 9.600 ·Ii- 3.5611 -4 li,,9823 1 , 5519 
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TABU!I lV ( Continued) 

Run Ro. l:ni tlal Pl'esaure 
:In microns( P 

1
) 

IC (,ec-l) LoglO(Pi) 5+lo8icf 

(THI J'0LLOWINO RUNS ARI A'f A 'l'JIMPERA'l'IJRI C/1' 290.00°c (56.3.16°K)} 

l:,> 300 2.:,80 0 l>.627 -5 0.'766 0.665.3 
129 3')0 4.'9() 0 7.11,, •5 o·.~25 0.8712 
128 300 9,880 0 9.9:,:, •5 o,9!M 0,9970 
127300 1,950 l l,476 -4 1.2900 l,1691 
126300 4,010 l 1.833 -4 1.6032 1,26!'2 
~,00 6,'60 1 2,442 -4 1.eo,., 1.3&78 I l.25300 8.060 1 2.81t.6 -4 l,906.3 1,4542 

32 100 8,290 l 2.776 -4 1·.9186 1.44~ 
I ,3l 100 1.6:,g 2 2,951 -11 2,2146 1,4700 

Y:, 100 .3,255 2 ;1.~2 -4 2,5126 1.5957 
29 100 6.512 2 4,625 -4 2,81,r 1.6651 

I: 28 100 1,292 .3 5.074 -4 ,3,lll4 1.7054 
89 200 3·.100 3 6.479 -4 ,.i.914 1.8115 
85 200 3,650 ' 6,219 -4 J.562.3 l,~ 
86 200 6,900 .3 6.310 -4 ,-.8,89 l, 

~~ 1.28() 4 6.761 -4 4·.1072 1.8r,oo 
2,540 4 7·.154 -4 4.4oi.8 1.&.;li-6 ; ~ 

90 200 i.·.~o 4 i-55, -4 4,69'7 1,8781 ( 
'( 

91 200 l,o65 5 ,121 -4 5,0274 1.9096 

(Tlll J'OLLOWIW RUNS ARI A'I. A~ C, J00,00°c (,r,.16°K)) 

1;. 300 2,310 0 1,210 -4 o.;16,S 1·.oaaa 
1.35 ,00 5,490 o 1.878 -4 0.7,;)6 1.27:,r 
1'6 r,oo 1·,090 l 2,2:,J -4 1.0'74 1·.3501 
1;13 300 2,ollo l 2.968 ◄ l,!K)96 1.4725 
132 300 4,160 l 4.158 -4 1~6191 1.6189 
79 201 5,000 l 1·.,r6 -, 1,6990 2.1976 

131 :,J() 8,03') l 5·.371 -4 1.9047 1·,7.,_,l 
'57100 8,6:,) l 5.470 -4 L,9,SO 1.1'8() 
'6 100 1·,670 2 6·,778 -4 2·,2227 1·. 3ll 
». lOO .3.270 2 7.795 -4 2.5146 1·.8918 
~ 100 6.,r, 2 9,1011 -4 2.8179 1.9m 
;, 100 1.317 3 1·.o81 -, ,·.u~ 2.0,,a 
82 200 ,·.ioo' 1.:,,.5 ., ?J-49 2,l~ 
81 200 6,500.3 1.1115 -, 3,8129 2·.1 
8o 200 1·.220 4 l.1100 •3 4.0864 2·.1460 
84 200 1.260 4 l,IU6 -3 4.1004 2,1511 

16l~ 
2,540 4 1,556 -, lf..4048 2,1920 
4,960 4 1.510 -, 4,($55 2.1788 

78 200 l,0110 5 1·.844 -, 5,0l.70 ll,2658 
83 200 1,lOO 5 l,8a8 •3 5.0ll:tr. lMl620 
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'lU1Z IV ( Continued) 

Run lo. Initial Pre11sure IC ( eec-1) ~o(Pi) ,..1081.d' 
1tl llicrone(P1) 

('rl!B l'0LLOWlllG RUNS ARB AT A ~ a, 310. i:1::i°c (,SJs.16%)) 

4:,00 1 • .500 0 1.969 -4 0.11.39 1.~3 
':,00 2. :,00 0 2.147 -4 0. 3617 1. :,,ie 

.u8 310 3.78o 0 6.7.56 -4 o. ,r75 l .8984 
:,00 5.120 o ,.0:24 -4 0.709:, l .4806 

u6 ,io 7.980 o l .~ •} 0 .9020 2·.0391 
ll :,00 9.88o 0 3.881 -4 0.99'18 1. 5809 
5 !110 9.910 0 1.119 - , 0.996.l 2 . Qli.88 

45 ''° 1.070 1 6.621 -4 1.0294 1.8209 
8 100 1·.211-01 , .101 -4 1.09,i. 1.7077 
0 :,00 2.120 l 5 • .535 -4 1. ,i6:, 1.7271 
A ,io 2.170 1 1. ,:11 -, 1. 3.565 2:.1252 

4 ''° 2.200 l 5.7'7) -4 1. ,i.211- 1 .t14 

A~ 2. Y(O l 6. 690 -4 l . ;7'{48 l . 54 
:,.120 l 6.7.56 -4 l .4942 l .8984 

4 100 :,.:,30 l 7•':92 -4 1. 5221!- 1.8688 

146 ''° :,.88o l 8.81:, -4 1. 5888 1.9451 

147 ''° 4·.140 l 8.855 -4 1.6170 1.9472 
109,00 4.180 l 7. 511 -4 l .~ 1.&757 

1101 5·,170 l 2.750 -4 1.71:55 l ,439:, 
2 100 5.260 l 9'.262 .-4 1.7210 1.9667 

107 :,00 8,l,:) l l ,oo6 •3 1.9101 2.0026 
108 :,00 8·. :,ao l 1.009 - , 1·.9201 2.0039 

~ ''° 8.440 l l .206 · 3 l ,9263 2.081.4 
62 lOO 8.6,0 l 1.2'5 - , 1. 9;l60 2,0918 

1163(20 9.4901 l .~ • 3 1.977:, 2·.0.591 
115 520 1.010 2 1.119 - , 2.004:, 2.ot.88 

:, 100 1.0117 2 1.010 - , 2.0200 2.004:, 
117 320 1.6" l! 1 . ,,. -, 2.2159 2·.1252 
4:, 100 1.710 2 l.1142 -:, 2.2:,:,0 2.1590 
6 100 1,960 2 1. ~, -, 2.~ 2. l.222 
5 100 ,.o86 2 1.390 - , 2.4 2.14,o 

42 100 ,.310 2 1.784 - , 2. ,i98 2.251h 
44 100 7.18o 2 l ,95' • 3 2.8561 2.29(1'{ 
115 lOO l , '1,6 3 2.291 -, :,.119:, 2~ 
7' 200 2. 650 3 2.6o1 -, :,.42:,, 2. 151 
72 200 6.400 5 :,.007 -, :,.806a 2.4781 
71 200 1 . :,00 4 2,99'1 -, 4.1139 2.11763 
74 200 2. 520 4 , . ,51 - , ~.4014 2.5252 
70 200 2. ,SO 4 ,Ma-, i.·.i.u6 2. ;.1, 
75 200 4.920 4 3.500 -, 4.6'}2() 2. 5"1 
76 200 9.850 4 3.759 - , 4 .99,. 2. ,r51 
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llq>unatton et Table IV 

1n order to con .. rve apace end convey aa 111Uclt. information u 

Hible, the t-ollov1ng eyst.em ot note: 1on - Wied 1n tbe above table. 

data ta columne bewled "?n1t1al. Pre._" 11114 "JC (eec-1 ),• the lut 

tu:1ber wttll 1te atgn 1e tjJe paver ot ten the number te to be multiplied 

, 1.e., 1.014 a reads i.Ol.il x 102 or 101.4 end 1.700 •5 reads 1.700 x 10·5. 

'1'bll "Run 110. • ie COIIIJ;IO .. d ot t110 groupe ot digits. '!.'lie first lll'OQP 

,:onta:!n• numbers f:t'QII l to 158 11114 11 a1"1ply the number ot the run. b 

tret digit ot the eecon4 group indicates the leal!; u .. d, tos,ttber With the 

fllit tollov1ng ie • li•t ot the leaks ueed and 

TAB?.& V 

Cbaractei-1st1ce ot Leake Uae4 

Obeel'YeCl IJcle ~ot Sensitivity to 
alt ru.-ter (microns) Bole 1111cron11) 4, peeit n-buta:ne 

!11111L1!l 

J 1.8 18 o.,:;1 
II l4 20 1,0 

5 6l. ,0 1520 

nie second digit ot the eecond group gives the epectal purpose of 

the run in the event there 11a11 one. 'l'ba third digit llboV8 whether the 

run was acceptable or not. 

I 
t, 
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Ula tollovina schematic &1w, tlle geneNJ. 11111an1ng of the complete 

Run ffllmber, 

Aocepwl)le run. 

J ted l'IID , 

0 llo meaning. 

l Toluene 1'1112 made 111th a a:lxtl.ire of 
~ ~ and 101.' uoetltae, K 
calculated 0a pre,_. at uoethllne 

Run only. 
ber 2 Toiu.ne l'Wl - u aboTe only IC 

caletaat.14 i:m total preal\lre ot 
tolueile and uoethane , 

' Packed flult rune llbeN aurtace area 
91q)Oae4 to tlle reaction \Is& 1Dcreaae4 
& factor of 20 tllrougb tlle UN at 
Pyrex wol, 

i. All peaka 1'1112 to ptller 1Jlfol'lllat1ca 
for mec!umian nu41H, 

5 ~ical runs m.a. for the dual 
purpose ot obtaining kinetic data 
and a.;,lea for product ~ta. 

l 1ea R 15 liter flallk (am, 1-<>2} 

2 leak J 2 liter tluk (Runs 65-106) 

' leak 5 1, liter tluk (Runs 107-152} 

11 

r: 

!· ·· II: ,., 
o: 
ti , .. .,, 
.,, , .. 
p 

I ,,, 

ii 
it 
" :, 

ti ,1 



!l1le s,pec1t1c Rate Constant• 

The apec1tic rate constants wre calculated traa the rate ot 

decreue ot the 86 peak (parent peak) at azoetbane. It i■ -..wbat 

haS&rdcul to use the 86 peak tor thie ealculat1on at pressure■ and 

tmper■turea very much h1gber than tbose atud1ed here. n•lfexMe baa 

the ....,. •••■• 11s azoethane and consequently also Ila& it■ parent peak at 

man 86. At higlt prea8Ul'ea and temperatures n•hexane is one at the pro· 

duets ot the decaapos1tion and would make ~ contribution to the mass 

86 peak beight. Tbs IIIIIOUnte of n•be:xane to~d at the pres1111rea and 

temperatures studied here Wllre negligible 11r1d no co:rrectton was necessary. 

In l"igure 8, page ,, are given the data obtained during Run• 104 and 123. 

'l:he plot ot peak height v■• tilN tor mu1 86 appear■ at tbe lowr right. 

'lbe lower curve (1'm lfo. wi.) vu :nm at a temperature at 'i!f,o.oo0c and 

' 4 a preeeur,i ot 2 . 55 x 10 microne, vhile that above it (am No. l23) VBII 

run at a temp. ot rrro.oo0c and a preall\ll'O ot 10.:, m1crona. Prom a 

plot ot 1011i0 (peak beight) va. t:lllle, a etraight line vu obtained r .... 

which K, tbe specific rate conetant, vu obtained traa tbe elope u 

tollovs. 

rt the kinetic■ ot the the:nnal tleCOlllPOS1t1on ot azoetbaae ie in 

tact t1r•t order, then equation (l) hold■ 

were C 1a the concentration . 1loY the preawre was the concent.ration 

unit used and the pealc height (P.H.) Vll8 directly proportional to the 

pre1eure. Thia alloV8 UI to vrite equation (l) u 

(l) 

'I 
1, 
) 
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~t1on (28) :l.t i■ eeen tbat the spec1tic rate conetallt K i■ equal 

the negative ot the Ill.ope ot the line. It vu 1n thie ~ tbat all 

K'I 1n '?able IV were Obtained. 

~ next step 1n the reduction at the data vae obtaining x.' 1 at 

,1x temperatUl'e■ at Wieh tbe reaction vu carried to pNHurea ot 

<Y m1Cl'Olla. J!:ztreipolation ot a 41Nct plot ot l/K ve. 1/r vaa dUi'icrul.t 

to the change 1n d1,tr1but1on ot point■ Nl\llting fl"OII the 

loge to the reciprocala tit JC 11114 P ~ In order tllat u mueb eccunc;y 

poeeible be obtained, tbe tolloY.lng tecbni VU adopted. All valuea 

t loa,_r}< 11114 log 10P al>ove 10:5 microns were -=iothed b;y titting tDelll to 

e:r;preHion 

(29) 

-:, the method ot least square,. Six equation&, one at each ~rature1 

wre obtaill&d. 1'ro'2 tbltee equation• 1m00thed '.\'Uue, tor P and JC were 

obtained and their reciprocal.a plotted giving the curves found in Figure 4. 

B:y extrapolation ot these curve• to 1ntin1te pnaeure (1.e. 1/r • 0) value• 

tor K• tor the au temperatures wre obtCl:l.ned, 11w reaeon Pigure 4 is 

included 1e to convey only two thinp. 'D>eee are, tbl curvature ot the 
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1/K VII. 1/P plot p the method b;y vb1ch tbe dttterent K .. '• 'llltN obt&1ned. 

'1he Act1vat101> Bnerp; 

IJ&vina obtailled K .. tor the aix temperature• tbe act1vat1on energy 

could nov be calculated. '1h18 1• defined b;y tbe Arrlleniua (1889) equati0111 

wbeN B
0 

1a tbe activation energy. Integration Of equat10n (30) gl.vee 

A plot ot log10K n. 1/': v1ll gift •BJ2.30, !ti u tbe elope and l.o£ic,A 

a1 the 1nte~t. Suell a plot 111 tlllow 1n P1gure 5 and 1nc1ua.e 1illl1lar 

plote tor aeYeral lower preeauree. •o vas obtained from the line tor 1n• 

Unite preaeuN. ~ Wl<1ng tbe apecUic rate conatant Kc fl'OIII ~irieal 

eurvea tbrougt, the e)ClllriMDtal point• given earlier 1n Pigure ,:;-page :,8 , 

eiq>erillental .ct1vat1cn -rgiea at dutarent prenure11 ..,re obtained and 

are given 1n 'l'able VI 11hich al.110 givea the t:reqpenc;y tactore at the ._ 

prllllUNlh 

A leaet lqU&Ne tit vaa obtained tor the K,.' • from J'igure 4 1111d 

the JC'a fl'Oa PigUre 3, pep ,S. Die equations obtained are given below 

an4 are plottel vith the experillental data 1n Figure 5. bee equation• 

are : 



Por 1nt1n1te pr .. eure (le.) 

lD&i<JC• • 15.7688 • 
10

~
612 

Por P • w5 micron, 

Por P • l<Y micron■ 

Por P • 10 atcron• 

lD&i<JC • 15.1551 - J:2.m 
T 

For P • 3.16 llicron■ 

(35) 

08) 

n. Yalue■ tor \bl espertMntal activation enerst•• mid treqµenc7 

t,ctore &1wn 1n hble VI ,.. ... obtained tree tbeN leut aquare equation, . 



rmtllll 5 

Activation lner117 PJ.ota at 'Yar1ou• Pre•IIUNI• 



~ 
0 

(-91.4 
0 
..J 
+ 1.2 
I{) 

1.0 

0.8 

0.6 

0.4 

0.2 

1.70 1.74 

• = Pc:o 
4 

■ = 10 ,u PRESSURE 

3 
• = 10 ,u 

2 
♦ = 10 ,u 

• = I0,u 

= 3,u 

1.78 1.82 1.86 1.90 



'l'Alllll YI 

Activation bra u e. l'wlction ~ Pre•IIUN 

:rra. ~1Ente.1 Jle.t& 

Active.t1011 rgy ~ c:,PaetorA 
(Kcal . ) .·11 

1ntin11- .lt8.5 5.87 X 1015 

lxl!Y .lt8 • .lt 5•0'!' X 1015 

; .16 X 10.lt .lt8.2 .lt .00 X 1015 

l X 10.lt .lt8.o 2.92 x 1ol5 

:,.16 x 10' .lt7.7 l.97 X 1015 

l X lO:, .lt7 .4 l ,22 :r: 1015 

:,,16 X 102 .lt6.9 6.o:,,. 1014 

l X 102 47.1 .lt . 76 X l0l.lt 

31.6 .lt8.2 8.18 x lOl.lt 

10 .1t9.4 l..lt:, X 1015 

:,. l.6 51 .2 4 ,09 X 1015 



Pack Plaak Bl<per1lllent11 

As an ei,;per:tment to det.ermine 1t the rat.e of reaction vaa 1nde• 

pendent of the aurtace area expoee4 to the 4tocaapoa1ng gu, 1.e., vbether 

or not the reaction vu bcaog,eneoua, the reaction flask waa packed with 

Pyrex wool. Uaing th1• metllocl the llUl'face area vu increased. about 

twent.¥ times (about eo 8• Pyrex vool), Run• 149, 150, 151 at 270.0°c. 

and lb.ma l"• 145, 146, 1fe.7, Wld 148 at ,io.o0c. were ma4e un r tbHa 

conditi<me and compend to the data obtained Vitlloot Pyrex vool. It 

-.,pear• the c!eeQIIPOeit:ton 1• hclllopneoua 1n that no challp 1n IC could 

be detected aside tram tllat due to experimental error <- Pig. 3, p,38 ), 

Toluene B:lqler:lmentl 

that the reaction proceea. via a clla:l.n reaction 1nvol!1ng tree radicale 

(llice and Ilerzteld, 19~). 'l.'he poaa1bilit:, that uoetbane proceeded 

tbroup a tree radical chain reaction vu checked b;y UM of toluene 

u a free radic acavenger. !!le c ice of toluene - dictated b:, the 

fact that 1t doe• not tbermall:, decanpoee to an:, appre 1al>le extent 

below 700°c. (B14des, et al., 1954). llzvarc (1950) abcve4 that it 

doee act a• a methyl acavenger to produce qetllllne an4 dibans:,l and 

lbould tbereb:, 1nh1bit formation of cbaine. Rune 115, 116, 117, 

and us at :510.00°c re -.Ile vith a mixtlU;'e at 9(llj toluene and l~ 

asoetbane. When IC vaa ce.l.culated, the value found correspon&td to the 

rate constant found With l~ asoethane at th!I - preaeure and tem• 

perature (aee F:la• 3, p.38). 'l!le a1gnif'tcance of thia reeult will be 

con,1dered 1n Che,pter v, "J>iacuH1on of lleeulta. • 
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In tbe tol.uene rwu,, the dec0111pOa1 t1on 'WU allowed to proceed 

tllrOUgh •1X•balt•livea at vbich time a maas apectrum waa taken of the 

re8Ultina m:txture . The presence ot n•propylbenzene and 3-pbenylpentene 

waa established Vitbout doubt . Hovewr, because ot tbe poor resolution 

1n the 11&S• range eround maaa 182, tbe presence ot 1, 2• dipbenyletbazle 

could not be •tated Vitb certainty ewn though a peak wu observed 1n 

tile region masa 178-186. It 1B felt tllat tbe presence ot n-propyl• 

benzene and 3-pbenylpentane 1• enough to indicate 1:Jlat tol.uene behav.4 

aa e:ic;pected. 

Products ot the Reaction 

Many runs wre made at different prea8lll'e& and temperatures to 

investigate wbat products were obtained from 'tbe reaction. In Table IV 

only two runs are z,-ePOrted• Tbeae a.re Run 105 at 'Z'{O.oo0 c and Run 106 

at ,:x).oo0 c which 'lolere both made at pressure• ot 49, 6oo microns. nie 

data presented 1n this aection are tbe reeulta Of several special rune 

(not given 1n Table IV) !Qllde. at pre&BUNt8 ot 80.o and 100, 000 m1crona 

for tbe eole pun,oae ot product analysis . Tbe anal.11118 of tbe product• 

wa carried out through the use ot a saa chra!!atograpb and a mase spec• 

trometer. Because tbe product 111ixture at l11gh preeeuree was 1t0 C0111Plex, 

no attempt vu made to cal!Plete an analya11 via the 111&&8 Sl)ectraneter. 

'?llble VII g1 vea the rewl te obtained by SU chromatogrl!Pb;y on a 

product 111Xture from a decompoaition run at a preuure of 100, 000 1111cron1 

lll1d -,io.oo0 c. '?able VIII g1vee the anaJ.1111• obta1Ded traa 1111 •~raee ot 

15 rune at the eame temperature but at a preJIIIUNt ot 8o microns. 



mlavtI 

Product AzMl17111e fl'l:D !!!,! Cbromatogrep!IY 

Awrage ot li run• 

(All valuee vt . ~) 

Initial Preuure ., 100, 000 lllicrona Ta,qierature • 310.00°c 

vt. 1 C H 1f 

N2 27 .47 r!7 .47 

C2lr, 18.87 15 ,lO ,.11 
c-/8 ,.,., 2.76 0.61 

C!-r, 4.yt ,.75 0 .63 

iaobtltane o.o4 o.o, 0.01 

n•butane 27 .55 22.76 4 .79 

butene•l ( T) 2.03 1.74 0.29 

t •butene-2 1 .05 0.90 0.15 

c•bu1:ene•2 0.58 0 .50 o.08 

teopentane 0.90 0 .75 0.15 

n•pentane l . ,!52 1 .10 0.22 

c5 olettna l .46 1 . 22 0.211 

3-•tbylpentane 5.49 i. .60 0.90 

11- ~ 1 .03 o.e.6 0.17 

c6 olef1ne 0 .62 0 .52 0.10 

c
7 
o1er1n■ 2.,, 1.96 0 . :57 

Cs oW1.na 1.54 l . :,> 0 .24 

100. 02 59.85 12.72 27.47 

'1'ot&l • 100.~ 



'WlIBVIU 

Jl:roduot Anal,uia ti,:,m ~ Cllrmat.ogrciey 

Averaee ot 15 t'llll& 

( All values vt. j ) 

Initial PreUUM • 8o 1111crona Tentt,erature • ,ro,oo0c 

vt • • C I I( 

•2 26.8 26.8 

Ce'¾, 11 .2 3.4 o.8 

CA l ,5 1.:, 0 .2 

C-Jf6 o.6 o.; 0 .1 

C-/8 2.4 2.0 o.4 

°411:to 64 .8 53.5 11. 3 --
100,3 6o.7 12.8 26 .8 

'l!otal. • 100. ~ 

Ue1ng the same Ba111.Plee Wied 1n obtainin& the data tor 'l'eble VIII, 

a mua epeetranet,rie analye:ls ft8 obtained tor COIIIP&rlson purposes end 

is given in Table II, 

\!be data obtained are IIU!llllllrized 1n Table x. llhile the data 

f1'01!l 111&1111 IJl)Oetr a agree be#t ¥1th theocy i t 18 probably tortuitoua , 

J'l'Cft the result& of all product enlll.711111 aone, the conclusion 8e8IDII to 

be that the products are not 111111Ple , 'l!lle idea that the reaction pro­

ceed.a t.o give n•butane eoul.4 only be tne at low pre11surea {less then 

5 111icrone), lt 1a endent that aa preuure11 and temperatures increue 

the products get more ~teated, 

fl t 



L1l IX 

(All value• wt , 1) 

Initial PreaBUN • 8o m1wona 'lw;lerature • 310.00°c 

vt . * C B • 
•2 31. ,2 31 ,2 

~ O,l O.l 

Cl\ 0 .2 0.15 0 . 05 

C2J\ 3.7 3.17 0 .5:, 

C:!6 5.1 4 .08 l.02 

e/-6 l .8 1 .55 o. 26 

c,5a 2,5 2,05 o.46 

~Ila 0 . 7 o.60 0 .10 

n-~Bic, ~ -7 45 .18 9 ,52 

100.0 56.78 12.oi. 3l ,2 

Total • 100.~ 



TAJ!tll X 

8-aq of P'rQduct Ana4'81• 

(All value• vt. •> 
Initial Preuure • 8o a,icrona 

•lpe~ 

Gae Cin'omatogrl\ph;, 

Initial Pressure = 100,000 a,tcrone 

cu Chranatogra,;,hy 

TbeOrT 

If 

lleb&vior of Several l'llalts u a Function of 'l'file 

1' 

,i.2 

26.8 

C 100.~ 

C 100.~ 

• 100.~ 

• 100.~ 
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In two of the runa, all 111&8AII 1'rolll lll&Btl l2 tbroUBSl maaa 105 were 

recorded. 'l'he11e wre &n1 troe. 1oi. and 123 and were run at preelllll'ee of 

25,500 and 10.3 micron• and temperatures of 26o.00°c end gro.oo0c ree• 

pectively. Q:ily those peaks coneiclered lll08t eignificant were reduced 

to a relative P.B. scale and plotted as a :f'unction of tillle. 'l'beae 

data &ff ~ in l'tguree 6, 7, and 8. In Tabi. XI tbe P.!I. 'I for the 

different peaks 11N given Wicll were the bipet recorlled during the 

nm at that -• nUl!lber. 'l'be11e P.!1. '• vera quated to lO()IJ' and uaed 

1n P1guree 6, 7, and 8. 'l'he P.H.'• as g1wn in Table XI are in ciUli· 

•tere &1 obtained from the recording and wre obtained exactly aa 

given 1n p:sg,u,e l, page 15, for azoetllane. !l!ie scale given 1n J'igtu'e l, 

page 15 allO lliPPl1ee here. 'l.'be 111tne1t1V1ty ot the -• apectrometer at 



TABUIXI 

llfllxtiaum Peek Reipta 

J!q,uated to 1001' for Use 1n J'iga . 6, 7, 8 (1n m .) 

P'eal< litight at 
lle~t at 

2.55 x l I& 
111111• 10. , I&~ 12, .Run 1~ . 

!llllllber 'l " ~ .oo"'c. 1' • 200:00°c. Sugseeted Ioa 

15 286 167 ea,+ 
16 '9 12, Cl\+ 
17 '1 2l e,+ {cw/t) 

~66 ~ + Z1 

28 ~'° ,~ B + 
2 

29 4,.;9 2920 mr,~+ ~· C 
,0 582 466 CB,CII,♦ C 

'9 2,S '10 

~ ~o U8 

41 885 fe5 Clf C!f+ 

' 42 62:5 ,i.4 

i.., 1807 745 aa,~u+ 

" 168 eo + + 
CBffJ2CB, or CO 

56 ill 276 c2o/ {t) 

57 555 ~ CH-,~o• 

58 292 l~ aa,~~CB.,♦ 

71 w. l~ aa,ycag+ 
86 595 ,eo aa,y~cn,♦ 



J'IGURI 6 

Variation ot 1-ak Jie1flllb 111th 'fiM tor Mu•• 
15, 16, 17, ~. 28, 29 

51 



100 

80 

60 

40 

20 

0 
~ 
~ 100 
I.I.I 
lJ: 80 

!ii: 60 
~ 
Q. 40 

~ 20 
i> 
C: 0 
~ 

~ 100 

80 

60 

40 

20 

MASS "15 MASS "27 

MASS "16 MASS "'28 

MASS "29 
0 ~~'-----'-----'-------'-------'-~-----'---~~~~ 

0 100 200 300 400 500 600 0 IOO 200 300 400 500 600 

•=LOW PRESSURE ( 10.3µ.) Tl ME ~•PEAK HEIGHT AFTER 
• =HIGH PRESSURE (25,500µ.) 1200 MINUTES 



52 

PIGtm 7 .. 
.-

• Vari•~on of Peak 11111srt• with Time tor Maese• 
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FIGURE 8 

Variation at Peak !!eights Vitb 'l.'1lue 'for Kaiisea 

114, 56, 57, ;a, Tl-, 86 
:t 

.. 
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tile 41tterent -...ea ~ be obtained 1D units or ■illilNter• detleetion 

or the recorder per micron. ID the last column are gi..-en tbe 1ona 

vhich 11N mo•t likeJ.¥ to be present and that al.eo eorreepond to the 

correct-• n1111bera. llote that at 11111Aaea 39, i.o, and i.2, no iODe 

b&ve been aue:geeted and that at mauea 17 8114 56 sugpated ton• are 

1n 1ueatton. It ii worth noting tha.t at maaau '1, 115, 73, and 101, 

the uaeea eorni#l)Onding to 111eteylalltne, eteyl8111ne, 41eteylam1ne, 

and trteteylc1ne reepeet1vely, are not listed. '.I.be 1'.11. '• at these 

muses wre 110 E&ll (2-5 m.) that it ta eate to auuma very little 

or none ot tbeae compounds are present and that the large ■-.,or1ty (at 
atoms 

leaet 99.~) or the nttrogenAiD ametl>ane ta cooverted to 111>lecular 

nitrogen (lf
2
). 

'l'be Jtaaael Calculation 

An 1mportant part at tpi1 work vu the titting or the data obtained 

e,..,er1111ental4' to tlM theoretical exprea111on tor the spee1t1e rate con• 

atant u l!Ul!P•ted by ICuael (1928) and given 1D equation (!o) 



IC ~ specific rate constant 

= specific rate constant at infinite preHure 
(see equation (21)) 

= the gamma tunction ot e 
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• = tbe ettective number ot vibrational degrees ot freedom 

X 

B 

T 

., 

in the molecule 
= gae constant in calor1e,/'C mole 

c gae constant in erge/'c mole 

= E • E 
0 

a energy 1n calorie• 

• activation energy 1n calories 

= 9,6612 x 1015 P/T moleculee/c11r~ 

• preeaure 1n micron• 

" temperature in OK 

= molecular diameter in centimeter• 

M = molecular veigbt 

'lbe torm of the integral ta ueually s1mpl1f'ied by making the 

tolloVing aubat1tution1. 

D=---l __ 
f7(1HB1,..>' 

A• IC e .. +B/Ri.T 

which ,men wbatituted 1n eq1141,tion ( }9) givee 

(40) 



i 
.. •x/R

1
'r 

IC e x .. • _ -:-_1:""".---• ..=-=;.;.. 
x•·l l!N (.x + B }a•l 

0 0 0 

'l'be tollow1ng V!ll.uoa tor tile conatants wre UNd 1n the calculati011. 

¾ • 1,988.6 calorie•/'C 1110le 

":a • 8,}1" x 107 erse/°c IIOle 

c • ,.141~ 

II • 86,14 

ln X • 2,,oo,a, lo&io" 
rraa the e:r,perimntal co.n\\itiona and data vere obta1ne4 

~ a plot ot 1/K va. 1/P and extrai;,olat1on to 1n1'1n1te pressure. 

Bowltver, value• tor K,. used 1n thia calculation were obi.tned 

tram equation 3G! and were not the experilllental -..luea obtained 

trom F11!11N 4, !.'8fo'- '9• Tbe1Je valuea are tor 'r • 2•;1:Pc, ,.056 x 10·5; 
~Ao . .,., -,. o A-: -4 -""'o · .,..8 -4 """ C, 7•''1" X 10 , 270 C, l,7...., X 10 i 1<UV C, 3,<» X 10 J 

~ 8 4 -4 ° -, 0 ' -3 290 C, • :,() X 10 I ,00 C, 1,797 X 10 i Jl.0 C, 3,7'.53 X 10 • , 

B
0 

By a plot ot lOSJ_,j< ., log 10A • (Bj2,Y:,3 1\T} trom x.Ae •Bo/¾ 'r, 

1lbcn ll:JSJ_r}<. i• plotted v111. 1/T, a atraigbt line relllllte having 

a ■lope ot -(Bj2,'?/J3 I\) and an intercept ot loG.toA (r1g. 5,P• '42) 

B
0 

c 48,538 calorie■ and A • 5.8720 x 1015 

P and 'l J'r0III the experimeotal cood1t1on■ 

• From a conaiderat1on of the molecular 41-t.er ot n-~ 

• rrcn the best tit to the data 

nie two moat ditficu.lt ~t«r• to evaluate are r, ■!ld •• 'lbe maxi• 

1llllll value tbat a can ooe is ;lo - 6, vbere n 1a the number of atoms 1n the 

molecule. 'l'bere 1- reuon to believe tbat • C81l!lot be great.er than (;lo-6)/2. 
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Thie point will be diecuased further in Chapter V, In the ca■e or aso­

etbane (Jo • 6)/2 = 21, The calculation waa 1tarted with a= al and the 

beat tu waa ob ined with a = 18, 

Howenr, a nlue tor<J-' bad not ;ret bun obtained, It waa obnrnd 

that n-he:nne and asoethane ahould ban about the aa .. atruoture a?ld oon­

aid•rable 1nror•tion was nailable tro11 which a aoleoular dia•tar could 

be oaloulatad tor D•he:nne, The "Y&luoa obtained fro■ the ditferent 1118thoda 

are 1inn 1n Table XII, 

TABLE III 

•oleculer Dia•tar of n•flexan• 

!!.u!l.2!l piamet,r X 
llolecular llefl'llotion 

Molecular PolarhaUon 

'T&D der Wul' a •b• 
Viaooeit7 (1aa) 

Visooai t7 (liquid) 

4.6 

6,8 

5.2 

5.0 

5,8 

Using the aftra1• nluo ot 5.5 I tor the aolHular diaaeter ot 

noethana, the Ka .. al 1ntesral ns enlw.ted tor a= 15, 16, 17, 18, 19, 

20, and 21. At s = 18 and 11' = 5,5 i tha solid OUM'H shown 1n Fipre 3, 

pap J8 NN obtainad and are in excellent •IP"'••nt with th• uperiMntal 

data. It 1a poHible to obtain approxt..tel7 the sa• eunea bJ ohooains 

ditt.rent nluea of • and()-. Table XIII gins the ..aluaa or s and O" that. 

will 1in al■ost. the sau cune. 
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TAlllB XIU 

Values tor o and • tor Similar Curves 

(- P1gure .5, page ,S) 

-ci) • 
0 

-CA) • 
1,.i. 1, "·' 19 

9.7 16 5.4 20 

7.2 17 2.7 2l 

,., 18 

~ tbe tOl'III ot equation {44) it ie - that• cllan69 1n tbe 

value ot • e11DDOt be completely ott•t b;y • Cbm:l8e in tbe value tor a. 

!IOWYer, any ot tbe value• &1wn 1n 'fable XIn vill. give • set of curvea 

eo •:11111le.r 110 .. to be 1n41et1nguhhable from each otber on tbe acale 

uae4 1n Pigure .5, ,a. 
rt Mema re-.-.ble to expect tbe moleciilar 41-ter of .-thane 

0 
to be ebOut 5.5 A on two counts. P1ret 19 the a!IIIU.ar1ty betlleen n•hexaM 

. 0 

and uoethane. cond, Heeo;v (19'6) tound li.7 J. tor -than• and an 

1noreue ot 0.8 1 tor two methyl group• 1e of the rtsht ordn. 

'11111 actual evaluation ot tbe l'.ae•l integral - clone with All 

D!II 7oli electronic 41g1tal caaputer (Willballke, 1958)w1ch involved pro­

gr-1ng tbe calculation ot the integral via Sinq,eon'• Rule. Becauoo of 

the wide nnse ot values encountered during the integration, • ecal1ni 

factor of 104 had to be tntl'oduced. lq,uatton ("4) llhowll the integral with 

the ecalin& taetora. 



i'lle eone1derat1ona 'llllich lell4 to the dec1e1on to WIG 8tmpl!IC>ll ' a 

Rule ere: ( l) both l1mits aN known, tbe uppor l1mit being chosen tor 

(44) 

ine calculation vbere tbe integral. converse• to etibt eignit'icant 

tigUres, (2) the aelection and IIIOditication ot the interval uaed •• 

etmplitied, and <,) tbe coettic1ente ot the individual te:nna were powers 

ot 2 . 

llewiting equati on (ltll, ) tor integration ueing Stmpeon ' s Rule and 

including the neceasary coetticienta, we get 

were 

Aa • the integration intenal 

1/3 • a Simpeon constant 

C8r • 8:!Jllpaon ' e ftu.le coefficient 

'Die integral wu aolved tor l0"1_cf a1nce it wae to be plotted u 

lo&ioP n lOSicf and ~d to the 8JIP9rimental plot.. EquatiOCI (45) 

ta the t1nal form Wied b;y the IllM 71:# tor ac>lution . 

In P:lgure 9, plota ot the JCaaeel integnind YB . -rgy are gtwn. 

Here I 1• equal to the !Cuael integrand including the ace.ling factor• 
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aboVn :l.n equation (45). '1'be curve• aN calculated for tour temperature• 

and at one pressure. 

b eurvee ahovn 1n Figure lO are 1181&:l.n the Kaaeel integrand vs, 

enerST, but -.re at five pre81Ul'ea and at con•tant te,q,erature. '1'118 

value tor .l!iB ueed in theae calculation• "-8 250 calortu. 8ubeequent 

wrk showed that NI. could aa,rume value• of 1500 caloriu betore any 

c11tterenee voul.d be aeen 1n tbe •ixt.h place ot the value et the inte• 

gral, 

1he values obtained t:ran the eval,;ation ot tbe Kaaael integral 

are given in Tabla XIV. '.!ho• valuea remain conatant for all the value• 

of e and a given 1n Table XIII. 



D 

'l'be ICuMl Integrand va. • at Cocatant Pressure 

and Four ,...,.,,.,.rature• 



PRESSURE • 10 MICRONS 
S•IS u•5.5A 

5.5 6.0 
3 ·. 

6.5 7.0 7.5 
E X 104 

8.0 8.5 9.0 



:rIGUBB 10 

'1'be !Caaeel Integrand YJt. B at COn•tant 'J.'enlperature 

an4 :rive l'Nl•fUN• 

6:) 



T•523.l6°K 
5• 18 ~•5.5A 
P,PRESSURE IN MICRONS 

I t L_L.1 __ _L __ _j ___ .J.._ __ __._ ___ .J._ __ _J_ ___ L-->----"---'----'-'-----' 

·.8538 5.5 6.0 6.5 7.0 7. 5 8.0 8.5 9.0 9.5 
EX 10-4 



Discusaion ot lleeulte 

'lhe tirat concern ot cbelltical kinetics is to provick> a method ot 

calculating the rate ot a chemical reaction trcm tundll!!lenteJ. principles, 

1ih1le there ie •t present no 1111ch method aveU&ble, three general theories 

that are applicable to gu reactions have been suggested, 

The eollieion tbeory 1, by tar the oldest and e:t.aq,lest. Using 

classic kinetic theory, it celeulat.ee the collision rate betveen mole­

cules a and b and assuming only those molecuua Will react that have 

energy 1n exceN of IICllll<! minimUm 1
0

, derives an e:xpreeeion tor the epec1• 

f'ic re.te constant, 'l'hie e:rpreee1on is 

Here z 1e the lUnetic theory collision number and P 1• tile so­

called probability or sterie f'actor. '!'his theory 1' chiefly concerned 

wttl:I the calculat1on ot tbe trequency tactor A ot tbe Arrhenius equation 
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1n quat1on (46). Inability to evel.uate the llteric tact.or, P, a priori, 

bu been one ot the great draw.ck11 ot tbe collieion theory. l't should 

Aleo be pointed out that B
0 

1n tbe Arrhenius equation ( 31) ill not qµite 

tbe lillme as 11
0 

1n the collieion tbeoey equation (46) eince Z Vfl,l'iea with 

VT. 'l'he value ot 1' range• from one t.o 10-8 and can only be obtained. 

fl,'QII e,q,er:llllen~ clata. 'l'he eimplic:lty ot the t.beory is all but clestro:,vd 

wen one a,tteinpte to arrive at a va.lue tor P b;r any otber means. 

'l'he second theory ie the abeolute reaction ra.te theory vbieh pro• 

Vides a baeia tor the theoretic.al calculation ot bot!I the A factor and 

the activation eneray but not with great a.cwracy. It ie ueuall;y a.seoci • 

ated with tile name ot E;yring and 11 covered 1n scme deta.11 b;r Glaeetone, 

Laidler and 11:yring (1941). 'l'he most :llllportant idea, the tb~ introduces 

is that ot the activated C0111pleX which is formed b;y tbe fusion (fQl' a 

very short time) ot one, 'tllo, or three reactant molecules, 'l'he number 

of molecules needed to form the complex determines it tbe reaction 18 to 

be un:tmolecular, b:llllolecular, or tennolecul41r, The theory provides a 

means ot calculating tbe rate ot decanpoaition ot the activated camplex 

into products, tbe potential eneray of tbe camplex, and tbe concentration 

ot the complexea with a given etructUNI anil. energy content, The 41PP11· 

ca.t1on of the absolute reaction rate tbeoey to a epec1f1c reaetion is 

often tedious due to the matlle:nat1cal computat1one neceasary and 1naccura,te 

due to the approximations made, 

'l'he lallt ot the three general theories i• reall;y a apecial ca.ee of 

the collision thl!lory, 'l'his 18 the caee of unimolecular reactiou and ie 

the one tbit report 18 pr:tmaril;y concerned With, As mentioned earlier, 
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tor IUll3' years 1t - ditt1cu.lt to understand laov a un:!molecu.lar reaction 

cou.ld exiet. Atter Daniele and Johnston (1921) demonstrated that the !f:?0
5 

tbe:nnal decomposition - firet order and attempt• to o;pl.&1.n thia on th8 

baait ot tbe radiation theory failed, it -d utural that 8(IJ)e effort 

to find a tbeoey to &JQ;>lain tbie 110uld be made. ihia vu $.1144~ tbe cue, 

tor Vithin tsn ;rear• aeveral tlleoriea bad a,ppeered vbich 011 cloee eX111Dina­

tion proved to be similar. Four tbeoriee of unimolecular reaction• are due 

to 111nlhel1I004 (1927), lice and ~ger (1927 end 1928), ICaeeel (1928), 

end Slatel' (19;1'), 1948 and 1953). 

U11:tng tbe coll1•1on theory end 111th the aid of tbe t:1Dclemam1 t:lllle• 

delay 8118&"8tion, lilnsbel1IOOd evolved a theor., ot unimolecu.lar reactions 

that vu treated 1n ~r I. Alto fl'OlJI Cbllptel' I, 9'lU&tion (22), we -

that the 111nflhelwod~ti.nclemalm tbeor., predicted a etra1ght line tram a 

plot of l/K. ViS• l/M. 'lbat tbie ia not the caae 11¥ been show b)' ID&ll)' 

inVl!etigaton and aleo by thie 11!)11< <- Figµre i., page ;l'J). 

Tbe tlleol'iee of Bice and Bt1111eperger and that of Kuaal &re nea..-ly 

identical. In tb.11 report ve 'Will adopt the notation St, Kt, and St, fol' 

the three tbeoriee ot l!inebelwood, K.u!k!!l, end Slater. The preeence ot 

the L indicate• all tbree incorporate the Lindemann t:lmce•delay SU8888t1on. 

While this report 1a mainl;r concerned with the KL theor., and com• 

paring expe:rmental data to it, a tev "°rd' ot compar.taon bet~ tbe SL 

and !CL tbeor!ee may eerve u ~ material.. 

'1'he moat Mtiatactoey tbeor;r ot unilllOlecular reactions from llllln)' 

pointe ot view ia tba SL theor;r, In 1,bree excellent Plllt)<tn, Slater (19:,<J, 

19'!-8, 1953) elqlloree in -..i detail hie treatrlient ae compued to other• 

and applies it to the c~ ot c;yclop~, It ia beyond tbe scope at this 



paper to consider in detail the SL t!leory and t11ere=rore only a briet 

tnmnlll'7 w1ll be g1:v~. 

fl:le IIIOdel. Slater u1R1mea 1• a polyatomic molecule wtioee oscillators 

are cluatcal and barmontc, Re eeta ,w a 11eriea ot internal coordinate a 

9.1, '2• ••• and describes the molecular mottona in tel'Jlla ot tbeae, Decompo• 

eition occurs l4leD any coordinate attain• a critical value ~• .u the oacil• 

latora are hamonio the potential -ra 19 quallrattc 1n the ,•• and there• 

1'ore the internal motion_ can be reeolved into no1'!11&l. modes l, 2, 3, .. • With 

trequenciea "i• v2, ,
3 

... wich are independent tt the motions are truly 

bannollic, On thb point the SL end KL theories ditter 1n that KL a■ IIUIIIH 

the oscUlators to be lightly co,,q,led and that energy can tlov trom one 

oscillator to another vbere 8L doea not. 1'be SL theory clearly atatee that 

the variation ot any given q ia only a t'unction ot the time since the laat 

collision, !Ibo ~litude tactora, a
9

, are constant• &!pendent on the 

particular q being cona1dered and ars obtained trom inertial end tor.,. 

conetanta ot the molecule, 'lo obtain the a.'s_., caaplete apectroscop1c 

vibrational stu~ ot the molecule 1111at be made, 'l:hla limits the general 

u■ef'ulnesa ot th1• theory to t!lat relative IID8ll number ot molecules tor 

11hich a cOllq)lete vibrational analy11a bu been maAe or ClllD be maae. 
In general, the SL 11114 XL tbeoriea are quite e1111lar, Inatead ot 

calculating the probability ot one bond acquiring a critical. enerv J:01 u 

KL doea, SL calculate• the frequency V1th wbich a given q V1ll attain a 

critical d1etence ~· '1'111■ 1'reqwmcy ia dependent on the vibrational. 

t'requenciea, -rgiee and phaeee ot the individual oscillator■• U81ng no 

conc:ealecl U811!11Ptions or questionable approxtmattons, Slater proceed■ 111th 

a rtscrou• trea-tment that rellUlta in an equation relating the apecU1c 

rate oonatent, K, and P (prefftlN) having the 1'orm 



11' 1tl the number of molecules per cc., n ia the number at IIIOdea of 

vibration, " ia the mean vibrational frequency of the n modes of vibration., 

1' n is a function of n and the amplitude tactora of the Vibrational mode• 

ani 1• equal to (t.:11)(n-l)/2 (n/a • l/2)! 11.11,_, .. ,11 were 11 • la I/a. a 
· J., n a • • 

18 tbe amplitude factor of a part1eular mode of vibration 8114 J2 ~ I: J2 • 
. 8 

A coo.e1deration of equation ( 48) above it behave a u expectod. At 

higb preallUl'ea 11' and tfieNrtore 0 tend tovard 1ntin1ty wbich means tbe 

ri&bt band side or equation (\8) tenda toward, unit;y giving K • K.., • 

b SL tbeory ia tbe moat elegant of the four for it require• only 

the 11et1vat1on energy from e,q,ertmental data. It al.BO till• the -void left 

by BL b:, including tbe notion that higb energy molecules v1ll react taeter 

than those V1tb lov enera. 'l'be value for n ia deterlllined by tbe theory 

and not choeen to pl'OYide the beat tit to the exper111entaJ. data u ia done 

1n the KL theory, '1'be problem of l/K ve. l/M plots giving straigbt l1nea 

in the BL theory ia also eliminated, SL tbeory givu l/K vs. l/M. plote 

conaiatent with e:iq,er:lmental data. 
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With all the ad'rlmta&e• it bu, it would - odd tt no fault could 

be found. 'l'llere are anl.7 two aerloua 4.illadvantase•• r1ret, the SL 11104el 

contain• only cluaical o•cillaton 11114 makee no proV18ion tor 110lecular 

vibration• being qUtllltir.ed or anba:nlonic 11114, Ncond, no account 18 

taken of the tact that the 110leaulee have kinetic energy vllen they react. 

The SL treatment 1• one 1n vbicb it 1• UIIUlllttd the molecule ie at reet. 

'1'lle KL theory vbile not eo rigorousl:, a-loped u tbe SL theory 

1■ nonetbeleH quite uae1'ul 1n treating unimoleeular react1one. ,.. 

mentioned earlier, We work ie concerned with both tbe development of 

an exper:lmental teclln1~e and the a,ppll~t1on ot the reeult• to unimole• 

cular kinetic■• The data obtained from experimental etudiH of the kind 

discuesed 1n tbie report are duectly ,w,licable to the KL theory. 

'ftlere are a number ot e!milar1t1e■ between the ICL and SL tbeoriee. 

'l'bll all•1mportant one 1• that they both JDake allowance tor tbe aborter 

lttet:tma■ ot the more energetic moleculee. 'llbereaa SL coneidel'ad a re• 

action tl'0111 tbe point crf Tiev of " reaching IICCe critical Y&l.ue, KL 

aillply u8Ullled that an activated 110lecule vould react \lben 110111e bond in 

the molecule acquired an energy of 11
0 

or greater. J'urtl:iar KL llbowd 

(Kae,el, 1928) that on the ba■ie of tbb &atlllm;Ption ..nd ueing the etatia· 

tical aiechan1cal lll'Pl'OIICb, it ia pouible to calculate the ~ the apectt1c 

reaction rate constant (K) of activated molecule• var1H w1tb the energy 

content of the 110lecule. Using thia epproach the relationllhip given by 

equation (,J) vaa obtained. 
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!Jere tbe notation t1 tbe - u that given earlier. We obterve 

that X 1n equat10n (:,J) it eqJl&l to I - 11
0 

and 1n equation (i.8) X = l · IAT• 

Writing 8 1n terme ot ite factore and chang1.ng X to tbe tom ueed 1n ( :,J), 

equation (118) can be rewritten tor COIIQ)ar1eoo u 

·xfBiT 
e dX 

were L • (n + 1)/2. 

According to at, l'n 11 about unity end " bu tbe .- unite and 

+1/lti'f 
IU!g111tud.a of A 1n A a K.e • Alao X 11 -1.1 ~ to 1

0
• 'l'beretore, 

all that ia neces8&1'7 to make tbe rHult■ of the tw tM<>r1ea neuly i t1cal 

nUMrically u wll u f~ 1■ the relat1onah1p 

n + 1 
■ • -2-• L, 

or 

which wae pointed out in Chapter I . In giving th11 reeult Slater pointed 

out that not 1BOre than b■lt ot tbe avaUable ( :,II - 6) oacUlator• ( WIMlre 

I 11 the number of etom• per molecule} v1ll ever be required to fit the KL 

tbeory to the experimental a.ta. 'lbt reeulta ot !CL celculetiona on 



uanetbane and azoethllne llbo-4 that tor azanetbane 12 oecillatora 

( '11 - 6 ~ ~) ""re required and aliOetbane ( 3ft - 6 • 42) requued l.8 

oactllatora. 

'lbe Activation Energy 
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'1!le activat1011. energiea obtained fl'Olll u;per:lmental data are given 

1n Table VI, Paae 43 together with the frew,teney factor, bee value• 

vere taken fraa "boat tit~ linea dr1lwn tbro~ the experimental ~int• 

shown 1n Pigure 3, page :,8. It ia eeen from 'l'able VI tbat tbe value• for 

J:
0 

tall to a minwum at a pressure of about ,:>omicrons wbere they begin 

to riee again, reaching a value ot 51 ,6 kcal, at about 3 microns. It 1• 

interesting to compare this rellUlt to that e,q,ected tr0111 theory. Table 

XV give• tbe activation energiea obtained from tb<!I Kaa11el curve• abovn 

in Pigure 3, page :,8. 'lbe experimental activation energies from 'l'able VI, 

page 43 are repeated tor c0111parieon purposes. Apparently the KL theory 

predicts a decrease in activation energy vith decreasing prea11Ure, Thie 

prediction la not fully borne out by the ·exper1mental 4-ta tor MOetbane, 

especially at low prea81lrea. At l.eaet part ot tbe difficulty ~ be due 

to the leakout correction ditticulty at low pressures in t.hat tbie cor• 

rect1on becane11 very iaportent in tbe zero to 100 llicron range . 

It 1a of aome intere,t to eompve the activation energiee the 

different tbeoriea llbolJld giff at "zero" and "infinite" pressure• and tboee 

obtained fran e:,q,er:llllent. Given in Table XVI are the expresaione tor tbe 

activation energy predicted by the 41.fterent theories. 



72 

TAllt.B:n'. 

ActiV11tion Bnerg1ee trc,a ltlUl l Curvee 

BIIUre Kusel activation b;per:lmelltal activation 
!aioronsl ener15!ee (kcal , 2 enerfl!ee (kcal. 2 
In1'1nite i.e., 48., 

100, 000 li8 .2 48.4 

10,000 1+7.4 48.o 

l , 000 46.o 47.4 

100 4i. .o 47.1 

10 42.6 49.4 

,.16 41.8 ,t.2 

~ 

llL 

KL 

BL 

TABI.& Xl'I 

Act1V11tion Bnerg1H •t ro and lnt1n1te PrHsure 

tran the m., KL, and SL Tbeor1ee 

(10be1ng held ocnstant, not P) 

~ 
B • •o - <• - ,/a)8i'l 
B • 1

0 
• (s • ,/2):a.i_T 

B • £
0 

• (n • 2)11.T/2 

U.:lng tbe value 1.8 tor II and tro11 equation (2,), page 9, n • '5, 

tbe tollov1ng value• tor the act1V11t1on energy are obtained, 



'l'beol'Y 

BL 

Kt 

8t 

WUI XVII 

Value• tor Act1ve,tion g1e• 

(kcal/mole, T • ,,:,,16°Jc) 
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All three tbeorie• agree on the uro presaure activation energy 

while at infinite pre•eure tbe BL theory value is 18.7 kcal lov, This 

it reasonable wen it ia recalled that m. doee not coneidar the rate ot 

reaction to be tlffected by the amount ot energy in exce1111 ot E
0 

contained 

1n the activated lllOleeule, Thie omiHion re11Ult11 1n the BL activation 

enera being esfentially inclepenllent ot presllUJ'8, 

l'.t is unfortunate that thie decrease 1n activation energy cannot 

be detected with sane degree ot accuracy at lowr preeeures, Aside fl'OIJI 

tbe leakout correction problem, the problem ot tbe mean•tre<, path is a 

great obstacle. 'Die J.oweet pne.sure etudie4 here 111111 about one micron 

1n a 12-liter tla.ek, liven here, where the mean-tree path is ot tbe order 

ot cent11Ntere, a lar~ traction ot the collieiona occurring are with the 

walls ot the ve-1. Consider tllen the i'laek a1ze neec!ed to maintain tlle 

eue traction ot molecular colli-sions 111th the 1lalle COlll,l)O.red to inter• 

molecular collisions at a preeeure a factor of 10 J.eee (0,1 ra1cron}, Thie 

would ~ire a 12,000•liter flask and a thel'IDOetat to heat it in, J':roo:i 

thew coneic1erationa, an extenaion ot this study into l.o'ller presllUre ranse• 

dee• not appear feasible, 



'1'be Litettmee of Activated tblecules 

It 1a of ..- mterest to cocaider tbe :urettme ot en activated 

110lecule. 'fh1a aabject bu been z,eported on before b7 -ral authora 

(Karcu•, 19'2J Bice and lileillillger, 19'2J ~ - llickeneon, 1~5, p . '5). 

hta equation (5) ai ( 6) w Me that tbe equU1br1um eonetent 

¾ 18 

Por the cue ot h1gb pnHurea where the concentration of A* a;,proacbea 

tbe equilibrium value ¾ [A] that 1t would haft it no A* 'lllllre loat b;r 

reect1on, ¾ u;r be derived ~ clueical atati•tical mecbanica 

(llinabelwood, lS,.9, P• ;9) . 

(51) 

ller8 the eubetitut1on S • S
0 

bas been lllada which according to the 

KL theory ia true at h1gb pret18UN1 (aee Table XVI, pae;e 72). JfoY, from 

•~t1on (21) 

(21) 

and WJing equation (,0) ve obta1D 

or 

es.ace tlle rec:ll)rocal at k' 1• tbe l.U"et:lllle ot an ect1vated molecule 

1111d recalling that 



at high PNeaures, all that 1'el!l&tne 18 to perto:rm the algebra. 'l'beref'ore, 

ti, the me&Q l:lfet1me ot an activated molecule at high preuu.re 18 given 

b;r ( B;) s•l 

ti ,. ..!... '-'I\:...;. __ 
1<5 A (s•l) 

Por the cue of' aaoetbane vbe:roe B
0 

,. 48,5 kcal, at T ,. 585.16°K; 

ti is eque.l. to 1,78 x 10"' 11ec, and at T ,. 525.16°K, ti= 1.14 x 10"2 eec, 

'l'his is an increase by a factor of' about 16 tor 8Q increa11e 1n temperature 

ot only oo0c and 100() t:lllles J.onaer thAln that calculated tor the u:0111ethone 

C&H (s = l.2J B
0 

• ,o.4 kcal). lbler these cirelelatances collision 

rate is at le&8't 106 sec ·l whicb me.,ie IIZI saoetlullie activate4 mol.ecul.e must 

under~ at least lOOO oollU1on8 before deactivation doea occur, Weininger 

and Rioe (1952) in a pe,per on tlle pbotol.yais ot uoetbane pve 11,l x 1o·ll Ne 
0 

(a4,JUl!ted to 5.5 A and l:,00 mm pre11811l'&) tor the min1111um 111ean litet:lme. 

t!leir calculation ueed a:lllq>le colli•ton t.heoey an& uaumea zero activation 

energy which would 1eoount tor at leut six ot the eigbt powera of ten 

eeperating the two numbers, Ml!lrcus (1952) in two pa.per• on "Litet1mee ot 

Aiitive lloleettles" found 2 x 10·6 aec·. tor the l1tet1me ot the c,i,s molecule. 

Be toun<l, u expected, that the lifetime increases With tbe aize of' the 

act1 ve molecule. 

At beat 81l':f calculation ot tb1• sortie only an l!PPl'OX1m&t1on. Direct 

experimental measurement ot thelle Utet:lmes 1• 4itt1cult and ball not met 

vitb mucb llllCCSII·• 



Variation ot IC vith P 

'Die Yari&tlon ot the epecitie rate constant (It) vith initiel 

preaaure (P) 18 shown in Figure :;, page 38. Aa ind1cate4 earlier, tile 

curvee are thoae obta!Md b;y the IBM 704 c~ter evaluation of equation 

( '9), tile expre88ion relating IC and P given b;y tile KL tbeoey. 

'.!!lat the data agz-ee ver;y well vith the calculated curvee i• evident. 

'l'he changeover f1'0111 first to eecond order kinetiee predicted b7 the m. 

theory (together Y:lth the KL and SL tbeoriee) 18 aleo borne out. 

'Die lack ot ~d ~nt between e:M;Perilllent and theory u preell\lre 

and temperaturt cle¢reue hu been diaeuaaed and attributed mostly to leak• 

out correction d1tt1cultiee. It bu been auggeate4 that part ot tbe di•• 

greement could be traced to the relativel;y mall tluk (13 liters) used 1n 

the lov pree8UN ranges. Aa the preeaure liecreuea, the mean tree path 

increaees and collieione vith the wlle become more tre4)1ent. Under the" 

condition• the rate ot activation would appear to tall ott, and tberetore, 

IC vould ahov a decreaee. II' tbie vere true, the packing ot the reaction 

tlult Vith Pyrex 11001 abOul4 give the traveling moleeul• much more opportunity 

to collide With a eurtace ratber ttuin another molecule. ~ing a 11er1 .. at 

run• made at 3).0°c and -;r(o0c With tile tlaek packed With .nougll Pyrex ,iool to 

increaee the surface area a factor ot tvent;r, th111 idea vu investigated. 

'lbe result• u,, ab.own by the -1.l triamgul.ar points on J'ie;ure :S, page :,8. 

b value• tor It obtained vith tbe" rune iJ vithil:I ex;per:tmentau. error the 

._ ae tbose obta11led with the unpadtlld flask. 'Die onl;y conclullion eeeme 

to be tll&t the reaction 1a bolllogeneou, in the preaeure ranges atl.tdi•d• tn­

ctdentall;,-, thi• 1• alao eVidence tll&t tbe tree radical chain reaction 1• 

not operative . 'l'h1• ot courae doee not mean decreaein& the preseure even 

further would have no effect. ,.. pointed out earlier, it 11011t certainl;r 

would be expected to ettect the reaction rate greatl;y • 'l!lere -• to be 
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little pu.rp<>N 1n extending the pre■■UN range to still loV9r value■ 

Wll8re the large m&Jorit;y ot tbe collieione '110illd be with the surtace of 

the reaction veaael, 

'l'Oluene Exper1ments 

In tbe lut chapter the exper:!lllental rellU.l.te from the toluene 

ell1)8r1ment■ vere covered. Aside trom eatabl1eb1ng tbat no chaill reaction 

exi■ted in the decomposition ot azoetbaM, these expertment■ can be uee4 

1n obtaining information on tbe relative etfic1enc;r of activation of the 

tolu- molecule, 'l'he relative efficiency of activation (a) 18 c!etine4 b;y 

the equation PA • P + aP' where P 1■ the partial. pre■8U1'e of azoetllane, P • 

the partial preesure of toluene, en4 PA, the total preHure of azoetbane 

that Y1ll give tbe ._ rate constant u tbe muture, 'Al• etticienc;y (a) 

ie etfic1enc;r I!!!!'.~• Rice and Sickman (19:,6) abawed, using coll1e1on 

theory, that 

vbere a• 1• tbe relative activation etticienc;y I!!!: coll181on, ~ 1■ the 

110lecular vei61lt of toluane, M4 tbat of azoetbane 1 •a. and ~ tlw kinetic 

tbeoey 41-ter of azot11tllee and toluene, reapectivel;r, :fl'0III Pigure 3, 

pap :,8, w see that the JC'• obtained during the toluene run■ are a!lout 

the - u those obtaine4 Witl!out toluene. Therefore from PA• P + a,• 

we get a • 1. Stlbetituttng in equation (,.) 11114 uaing o4 • 5.5 A and 

a'r • 6.o A, we find a• • o.,a. Prom this w can conclude that the toluene 

molecul.e 1a about u ~1c1ent 1111 the uoetbane molecule 1n the proceee of 

activation. In llb)rt, it can tranater about ae much of 1te tranelational 

eners:r to an azoetbane molecule a■ uoetbane iteelt can. 'l'O be eure, theae 



oumbera are Olll;y mt approximation 1n tbat tbe ...iuee tor the molecular 

.U.-tera 11114 rate conatant• are not precise and 8llltlll errors 1n these can 

accowit tor wee errors 1n the ~ictenc1ea. 

Products and Milcb4ni1111 

'tlie products ot this reaction - gi-nm 1n Table■ VII, VIII, and IX; 

p • i.6, 47, 118, respectively. Table X, page 49 i• devoted to the material 

balance obtll,ined b:y tbe ,utterent •tJlod& ot 11na.l:yai•• 

In general this reaction giwa a 1111:Xture ot product& the COIJll)l.exit;r 

ot wb.icb depends on tbe teqlerature lllld initial Pl'eHUN ot the run. At 

low preallUl'eB and temperatures the products are tor the 1D08t pvt a:lmple 

an4 are giV\ln b:y equation (l), 

(l) 

with about ~ ot a 111.xture ot tw and three carbon atal ~arbon•• 

However, a■ the presaure and temperature are illCreased tM.• 91' mixture 

incre-• to 45~ and tile m'12.tlule nov containe tw to at leaet eight carbon 

atcat J:eyarocvbona. '1'be chief ~carbon at low 1' and Ti■ n-butane COlll­

pr1a1ng about ~ (on a weight buis) of the mixture. At high P end T, 

this decre-• to about 28'.' ot the totfll. An up1-tton ot thie might 

be tbat tree radicals are involved in the deetJIIIP081t1on and NC<llllbine 

s:lmpl;y at low P and T but involve turther interaction at higll P and T. 

'lhia bringe ue to tile 111.lhJeet ot 1118ch4ni1111 but, bdore procoeding, a few 

wor41t abou:t; the tor.nation of nitrogen CQDpOUnda are de1irable. 

:tnearar as tile pro&tet aul.7118 goe1, no evillence ot nitrogen com­

pounds C•:lnell, nitrilea, etc.) vu wr taund. The material balance 

('l'able x, page 49) 1bo111td nitrogen to be too low accor<ling to pe chro-
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t.ogre;pey end about ~t according to - ctra analya<18. HoWver, 

the P. lt. V8 . tille cur,,e tor mae• 17 (im,t) abown 1n Figure 6, pace 51 

indtcatee an 1nc-_tng concentration With time. Fr<;111 'l'c>le Xl, P86'e 50 

n - the total P. R. 1a only 21 and ,:I. , JJoweyer, it ts dittic:ult 

t.o attribute thie to anything but ffl!y ,)'!It no~, could be found! 'lbe 

po•aibUtt;r that tbia coul.4 be ~ • remote. o real evtaence hu 

ever been put torvard tbat tbe formation or methane proceed8 aceordtng to 

(2) 

c,) 

lleeides, l!""'1 if this nr& true, the ~ 1a unstable and W0Uld 

not atta1n a higll ete~ lltatG concentration. 

'1'he CQllllll!llt• which follow ebout mechaZlum are based largely on 

speeul.ation aod sllould be recognized u such. 

It _. fairl:, clear that tbe first etep of the tbe:rmal a.eC011q>Oeiti011 

of azo,tliai,e involves ethyl radicals (A:uslooe and llteacie, 19',ll). 

Aullloo■ an llteacie (19511,} al.ao publi.i,ed a mecheni1111 WJ.ch :, 11Uggeat 

for the pbo~ia of azoothane. '1111• ie given by the equation• 

C~I( • NC:A + hv --+ 2Calf.; ♦ ~ (5) 

Calf.; + C2"5-t <\Bio <6) 

C2lf.; + Calf.;--+ Cal\ + Ca1t6 ( 7) 

c2"5 + c2B.;• • ~B.;- c21\s + Caf\ K • Kealf.; ( 8) 

CAB ,. NC2lf.;----+ C2J\ + C2lf.; + K2 (9) 



-
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Ccmpar:tng equation• (5) tllrougb (9) Vitll tbe c:urve• given 1n FiguN• 6, 

7, and 8,_ page• 51, 52, and 5:,, reapecttvel.:,, tbll tolloV1na aiailarit1ea 

- noted. 

r1rat tile Cl:!~+ peak (-■a 29) de~ at about tlle - rate imle• 

pendent ot preswre wile ..-thlme parent peak (111&11s 86) lllx>w the 

cted decreaoe W1th Pl'e•eure• rt tbll 29 peak were due to tree 01.byl 

ra41cale (llbich 1• 1mprobable), tMn IIPP8r8lltl:, c2~ ia produced and u11&d 

up at tbll - rate reprdl.aH ot l)NS■ul'8. According to equation (6) 

ot tba C21fs produced P• to tOl'll Ci.Bio (n•butane, -• 58) but the 

curve 8bon - 58 increu:tng at the - rate independent ot NBIIUN 

ai.o. '1'111a piµ-a4ox vu broqsbt qp to illustrate the ditticul.t:, in-volwd 

1n ue:tng tba eurvee given 1n 11.guNa 6, 7, and 8 and 1n pneral to point 

out the clitt1cult1ea ot determining 1Decban1aa 1n arq reution. !lb& 

curwa prellOllted bere can be ueed onl:, 1n the groaNat IIOll... ~cit aore 

information 18 neede 111'14 a coq,J.ete elll11ltan&ou1 anal:,ais ot all curve, 

1a required betON an actual chani• cen be obtained. '.!lleee curves -

preNnted with. a tvotold purpoae: r1rat, to ,11qp1:, prellOllt the data u 

it wu obtained 110 that it me.:, be recorded tor future wn.ere; aecond, 1• 

to obtain mlOugb information to .Uov a plauliblo Mehanilll to be preaanted 

bere. 

'Die e:i,;p~tion ot tbe paradox 11 tbat man:, ccmpounda contribute to 

the 1118$8 ll9 peak, 1nclu41ng n•butane (58) 8114 a-thane (86). It 1a per­

fectly- poGaible to have tbll .- rata ot <lac~ d .-till have ditterent 

-t• ot c~. It ia nece1ear:, to d18t1ngl11ah betwen that PQ't ot tile 

total peak be18'2t due to a trapent toun4 1n tlle reaction an4 that part 

due to the tonizing electron belll!I 1n the 18&18 ,tpeotroaeter source. A 
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caoplete c,elya1e ot all peaks m1gbt I'elll8d,y thia trouble but euc an 

aaalywie 1• torbidd1.nal,y ditticult. It 1• eamewat Ni'er to consi<ler 

onl:, the parent peaks d tbe C0IIQIOWl4e wbose bebavior 1• ot interest. 

Por el181Ple, tor c286 <- 30) it ia :lllrpro le that any »olecw.e con­

tribute• to the !11811& :,:> peak other than ethane. 'l'ben it 18 1een that at 

lov preeSUJ:9■ the amount ot ethane &00• througl1 a max:llllum and then begine 

to drop ott. !!'tie tact that at 1200 1111nUtee the concentration 1• back up 

to the llluilm.ml mq be due to ~ting reactions with dif'ferent rate con­

■t■nte. Por ex■IIQ1le, while ethane 1• being formed, there roq alflO be 

tol'llling unother compound thst lleC0111PC>ee• veey alovly g1Y1ng ethane u one 

of ita produete. With regard to equations (5) to (9) tbe curvea 1n J'iguree 

6, 7, end 8 seem to be in general e,greement on tbe tollov1ng points. C2~ 

18 certll1nl7 to~ during the reaction and. could react u g1vem 1n eQ)la• 

t1on (6). Ca\ llll4 C286 <-•~ 28 and ,0) are poHible 1n that figure 6 

allova both ot them to be riaing. lllthane could alao be tonood via the 

reaction given 1n equation (lO) 

iin4 ethylene by 

(11) 

At lov pressure• a llllill amount ot methane (mu■ 16) 1IU found. 

IIOVever, even ~ P1gure 6 ebovs the high preeaure 1111111• 16 to be r1aitjg 

and over tbffl times tbe lov prepure pe$\t he1Qbt, no methane vae 1'oun4 1n 

the prod:ucta at bigb preaeuree. 

It 18 clear that metllY 1 radical• are 1nvol 'Nld tor there 1• no 
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otllar ,,._,- to eaq,J.ain pre11e11 ot lqa:toca:rbona conta1ntng 111 o4d uumber 

of carbon atoms in the products. Any explanation at tll.1• 'll0Ul4 inVolve a 

multiple etep react10n or at least a r,e~t reaction. Pt>Hibly it 

could l!P tbrou8'1 a ll1trile e,ntbeaia and d&collq>osition. 'lhis 'll0Ul4 require 

a difterent primary step. 

'the remonl ot H b;r ethyl rad1c:&la 110Ul.4 )'leld 

Ca1'5 + C2~l'I --+ C2~ + Cal\1 

C285 + C21\ II - c~ + C2B/ ( or CH3 

C285 + Ca¥ .__ C2~ + C2¾11 

C2¾1 ----+ JlCll + CB 

en + c2~ ----> C¾ + c~ 

(13) 

(14) 

(15) 

(16) 

(17) 

So • - tbi>t ethyl ra41oaJ.• 1m.t pertoni tllree B' etract1ona 

1'raa equat1one (16) ""4 (17), CH ablltnlcttng flUI tllit ethane to:rmed. 

'1'111• llet ot reactions coul4 aceount tor the metbmM, methyl N41cals 

tbl formation ot ~arbona Vitll odd nlllllhers ot oarbon atoms . 'l'llia 

•~ 1a in keeping With the cun-ea in Figure• 6, T, an4 8. nowver, no 

wlecul.es containtng sinlle nitrogen atoms veN found aa,na the products. 

'l'lle formation ot uneaturatea 11 po1s1ble by eevenl 4ttterent meane. 

Bteacie (l~) bu abovn that d1asanetbsie can be obtaine f':raa -ii.. 

via 

~ • SCH3--+ CB-J" + CH3 

C1t3 + cn.p - CJJi. + C!fa5:a 

(18) 

(19) 



llhich then can f/P on to gift UQeaturatee, 

(20) 

(21) 

a, 

It - reuoneble to expect uoetllane to behaw in much tbe 

._ VIQ"• ~1?1& that :l.t &>ea, it 1• nsy tc e,ee boY tbe d1ffe1'9Xlt 

uneatura.t.e• are obtained. Caabin:tns 1:lle Wonnation given by e(lllf,tiOWI 

(12) through (17) Yith that given by equations (18) througll (21) tile 

formation ot an endleee series ot bydrocarbon• appear■ poutblo. 

Bv:l.dence tor tbe existence ot 41-tbene 1s tound in Pigure 8, 

pa@! !13 were the mu• 56 pellk vs. t:!Jlle curve is given, 

'flie only curve in F~• 6, 7, an4 8 that ts really d:lttiC\llt to · 

underetanil ta tllat tor -• 71. Pre..-bly tbia te <1wt to tbe c2~1' a •~ 

ion to:nne4 1n the eource by elect1-on bolllbardmant and 1a tberetore not :tn• 

vobed in the tbe:nnal decomposition 1t8elt, '1'b1t being t.lle cue, the retio 

ot tbe 71 to 86 peak 1n tNH azoethane (eee fal>le I, page 17) llboul.d equal. 

that found in P1gure 8 (or - hble XI, page 50). However, tbi■ 18 not 

the case. 'l\le 71 peak doe• not e;ppear to be related to tbe bellavior ot 

tbe 86 peak in llll7 ~• It daea not appear poeeible tbat a reaet1on 

auch u 

coul.4 exiat because ot tbe high energy ot the C•C bond, bre 1• no 'lnlliY 

to explain t!Jie on the b-8111 ot tbe vork done bere, 

It vu intereet1?1& and arurpr1s1?1& to find that no 1111inee were 

present in the tinal product•• ltthylamine (mass li.5), d1etJu,1an1ne (1118 .. 63), 

and tr1etb)'lam1ne (mass 101) were C8Ni'ully searched tor among tbe product•· 



I1: tlll1 ot tbeare were preeent, they mounted to lea■ tban o .~ Of tba 

final prodacte. The fomation Of tr1etb:,1-1ne could ariae tran equa• 

tion (12) end react Witll etllyl radical■ to give 

C2~• + ¥5 ____.. (~)el' 

C~ + (C2~ )2!1 -----+ (~~):,1' (24) 

To be 11\lft , thi■ set Of reactions Nqu.irea tllree steps wich ere PDD• 

wat uncertam. lbwe'ftr, they appear to be no 110re ilgll'Obal>le tb!lll _.. 

Of the other reaction■ given here that see to be ver:11'1ed to 11011e extent 

by experimental eV1 ce. ~ conclu■ion 1a tbat t.be •11•!1• bond 11 not 

eeeUy broken. 

The mechan1aa Of a :reaction Of thie sort 1e an exceedingly 4itt1 • 

cult problem aa ,ire reaction meehall11111s 1n general. A coaai~?'Bbl• 

amount Of turther 110$ is neceese.ry beton a eaapl.ete mecbanim can be 

written tor thi■ reaction. 



CIIAPmVI 

Bqu~t 

A largo proportion of the time a,pent on thia work vu devoted to 

1n•trumentat1on. Engh (1952) QII c!eecribed tbe basic instrument, Briefly, 

the basic parts were • . g:li't trcm the Loe Alamo• Scientific Laboratory. 

bee perts included • maae spect1'01l!eter tube ( €,t:,0 Nier t;ype) , a IIMl6llet 

with coils, a high vol~ supply, a JDal,lllet auppl:,-, an em1ee1on regulator 

and an Fl'-~ electraneter, In order to obtain a working 1netrulrl&nt 8U1t­

llble tor our purpoeea, aeverlll alterations and add1tiotia •re neceeaery, 

The hisb vol.t41&11 eu,ppl.7 wu uaed eeeent1ally ae received, 

'file Jllt&ll,et aupply was aJ.10 uaed u received With the exception ot 

tba -.ddition ot a e1rcu1t which permitted the spectrum to be acanned mas· 

netically, \!bis cir~t conaiated of a Heathkit Pi-!l powr aupply With a 

t ew changee, 'lblee cl:langea involved el11111natin8 the rectifier aect1on of 

the PS·!) end ua:tng in ita place tbe rectifier eect1on 1n the exiat:tng 

et IIUPl)ly. Abo 1n order to hanclle currents \IP to 250 111&,, 1111 addi­

t ional l6.l9 eeriea refl:Ulator tube vu added, 'l'be magnet current vu 

'\'Vied b7 the 81.lbatitution ot a ,00 IC bel1pot for the 500 IC •inGle turn 

POtenticaeter suppl18d With tile P&-!J aa a lllllane ot varying the output 
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vol~. 'l'be mli;pot ,,.. th-iftl1 by a 1/, l!PII ~ 1110tor. An uap1e 

ot the retNlte obtai.ne4 '111tll tllie ~ we given 1n Pigl.lNI 1, Mote 

llov tbe non- :u.near reepon1111 ot the n-, 8llP.PlY' be:q»e to cawpenaate tor 

the non-linear - acale and tbe:reby aids by 81V1na a epecU\111 '111th: a 

re nearly constant interval betveen tbe d1tterent -•• 

It vae IOOn dillOOftreO. that the PP..~ electraneter vu DOt suit­

able tor our purposes and a 9tud;Y vu un4ertalten to find o,- that wul4 

meet our needs, required en electraneter 'llllich bad a min:llaum ot r.ero 

drUt, a lov noise level, a h18'b eene1tiv1ty, the ~Uity ot driving 

either a galvancaeter or a 10 av, pen recorder, 11114 excellent etabWt;r 
. . 

over a period ot ~ houre or mo~. 'l'be deYice t1nally built mot t.beee 

requ:tnmenta to a wrprieing 4epee, /,ga1n fl'Qll P1gurt l it U -n that 

the DOiae 18 ot the order ot 5 x 10~15 saps and tbe eenaitivity 18 abQut 

5 x 10·15 rapa/m, h stability and zero drift '11\t:re :xcellent, OVer a 

period ot 48 boure, DO perceivable zero dritt '111111 detected and in a like 

period n11 changle in atebilit;r could be tound, 

'l'be electrometer '11&11 a 100 per cent negative feedback davice ua1n& 

a CK 5886 aa the input •~• followed ¥1th a CK 512 .Alt and a CK 5678 aa 

ttrat and aeconcl etase• ot a,;,ltticat1on reopect1vely, '1'bll O\ltptlt ~ 

cona1etecl ot a C.'C 5672 ueed as a cathode follower, 'l'bB ~ gain Without 

feedback vu about 5000, All tour tubes uaea ware lla,ytbeon 111.ibmtniatu:ree 

and the entire c1reu1t v1th batte~iea '111'18 contained in a box 8 x 8 x 12 

inebee, 'l'be tiniabed electraneter 1• ehown in Pig\U'e 12, lower left, 

'Im circuit was deetaned by John 11arr111011 ot the tllivereity ot Minneaota 

Electronics Depertment. 



While it 1• beyond the scope ot thie report to cone1der each part 

ot the construction 1n detail, it e lldvisable to go into some detail 

on tboae 1teme vbteh are 1n 110111• eenee unique to th& Jµ'Oblm at hand, 

~- itema are tbe leaka, tbel'IIIOl!tat, phue•ahtrt thel'IIIOregul.ator, 

and em1 .. 1on regulator. In tbe text that follow, a •ct1on V1ll be 

llavoted to each ot these, 

b Leak• 

One ot the IIIOR d:ltticult and t:ta 00ll8Ulll1ng parta ot tbia V0rlt 

vaa the tabr1cat1on ot leake tor uae 1n sanq,lin& tbe reaction vuMl, 

'l'be Jµ'Obls ite&lt 18 eilllple and bas been described 1n the literature 

(l>ibeler, l9'JS; Mmson, 1955, Marke, 1957). 9le teclm1que, bcM,wr, ia 

difficult and can be mutered onl.7 b;y much practice. 

In order to admit a saiq,le into tbe 1on1zat10n chmber ot tbe maee 

spectrometer, a leak must be proVided. It 18 deeir-1>1.e that tbe peak 

he1Sht• be linear function ot the preaeure behind. the leak end that tbe 

leak does not change the compoeition ot the gas mixture being anal)'zed, 

i.e. it doee not tractionate, A leek 'Which 4oea not tractionate 111 knovn 

u a viacoue leak and uauall)' con111ts ot a long thin tube With an inter­

nal diameter ot about 20 microne. 'rhe peak be1Sht 1e proportional to 

the equare ot the preseure behind the leak 'When ueing a T1ecous leak, 

but it 1a proportional to the preaeure 'llben ueing a 1110lecular leak, 

'l'be most illlportent property ot • leak 1n the present vorlt is that 

the p)ak beie;bt be proportional t.o the preelll.ll'e behind the leak, :1.e. 

that the leak be a 1110lecular leak. SUCh a leak 18 a ...U bole 1n a 

thin -brane, It 'f 19 the thiclmelJB and D the disaeter ot tbe leak, 
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tbe ratio T/D llboul.4 be as amall as poaa1ble. With tbe ...U.at lel!ka 

valuea of 'f/D could not be reduced much beloir 10. Howe-rer, direct 

me~nt l!bond 8004 linearity ot peak height With presBUNt within 

tbe u;perfment&l error. Direct teats ilhowd no me1111Url!ble i'nlction• 

at1on within tbe experimental error either, presumably because such 

tractionatton wuld be e:q,1tcted to be IIIDal.l anyway when a an-11 traction 

ot tba total eemple ia loat by leakout, 

'lbll tecllntque ueed in making tba >.&eke involved tbe lleating ot a 

short length ot Pyrex Capillary (1 m I.D.) until it colJAipaed down to 

a tine hole. By~ beating, one can get holes aa IIIDal.l as one mi• 

cron in diameter. The next 1tcp requiree careful grinding ot the end 

ot the tube from tba in914e and outside until a thin membrane ot glass 

Nmaina. Obviously tbe clanser ot breaking tba membrane 1• very great. 

Out ot tbe tirst batch ot 50 leaks aU but .3 were broken t.hrougb. Atter 

gaining e:rq,erience only 10 • 15 per cent of the leall:e were lo.et. 

Another technique llbieh aboWII great prow.lie 111 tbe use ot Taylor 

l'ro<>e•• Vire (available tl'all Baker and Canpany, 11.3 Astor Street, llewmil:1 

Nev Jeraey). hy1or Procese Vire is 111.lPPlied 1n moat metal• (platinum, 

gpld, iron, nickel, zinc, tin, etc.) 1n sir.ea doVn to O .5 m1croo in 

di-ter. It 1e ennlossd 1n a Pyrex coat g1v:tng tbe Vire plus glass a 

total oute14e di-t.er ot about Bo microne. By colla;pa:tng tbe glase 

c'1J)1ll.,ey down around a sbort 1engt.h ot hylor Vire and gr1n41Dg the end 

down Juat as before, a thin glas1 membrane with a sh:>rt lengt,h (aqua]. to 

the th1ckMn ot tba -1ibrane) of Vire was obtained. 'l!)e Vire vu tben 

diaaol-oed out elentro1yt1caUy. 'lbll best metal waa found to be go1d 



becauae it 18 relatively insoluble 1n molwn Pyrex glass. ~ leak -

placed 1n a l~ aolut1oa ot Ja:11 and a small amount ot the - IIOJ.ution 

vaa ad0ec1 to the 1n•11'le ot tbe tube. Platinum electrode• wre placed 

very cl~se to both aides ot tbe membrane and a potential c,t 6o volts 

a,pplied. By obaerv1ng tb8 current tlo,, as a ~ct10n ot tinlo, one C8!l 

aetect when the gold bas been removed. rt 1s !IQportant to remove the 

potential u quickly u poH1ble becau.ee tbe bie,h current flow might 

:tracture tbe leek due to water YflPOl:'b1ng 1n the llllall hole, A t1nillhed 

leak 1• 8l!Pw 1n Figure 18 at tbe end c,t tbe top tube. 

'l'b4 MaH Spectrometer Chasa1a 

Included here are three t1guree aho111n& general Yien ot tbe mus 

spectrometer. 'l'b9 main console ot the inet?'lllllllllt is ello1ln 1n J'1gu.re ll. 

on the lett, top to bottaa, are show the ionization SU86f> 1111pply (.Alpert 

(luage, AlP!lrl ( 195 3)), emiawion regulator, and the main control pen el 

which 11a11 wied to . aet the iJ.ttterent potential.a needed tor the plates 1n 

the =•• All!O the ma1n control panel allowed one to aelect tbe acceler­

ating voltage ~ied to the ions, On the right, top to bottom, are ebovn 

the magnet INPP1Y, tbe maip,et scanning eupply, and the eJ.ectraneter abunt 

pU1el. l!lxtending acrose the entire panel one tllird the ~ up 1e tbe 

galvanometer scale llbich vu uaed tor visually obaerv1ng a spectrum. The 

Leede and Northrup Speedcana:it O - 10 mv. recorder 11118 used tor recording 

spectra and tolloVing peek heie,hte tor long periods ot tillle. '1'lle IJl)eCtrum 

l!hovn in Figure l 11a11 obtained '111th !t, 
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J'IOIJD 11 

Jla1n Conaole at the Maae Spectrcmeter 
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Pront View or Mus 8pec~ter 'lube Cbueia 
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J'IIJUIII: 13 





A front view ot the -• speotrometer tube cbauie is siven by 

Figure l2. On the extrer.ie left is seen the vacuum system and the electro• 

meter is shown at tbe lower lei't. 'lbe fll)ectrcmeter 1s inverted traa the 

position 1n which it usually 18 i'ound in that tbe source i8 on top. Thi• 

was done to a1lov as short a path as poeeible trom the reaction vessel to 

the source. Note that with the exception ot that part ot tbe tube between 

the poles ot tbe masnet. and the upper part 01' tbe source, the entire tube 

ie wrapped with beaters. 'rlleee beater■ were run at YJQ0c continuously. 

In Figure l3, a a,,meral View of the 111S!!.Ple introduction system is 

given shoving the ~ presQure measuring devices used. T.be mercury 

manometer vaa used over the preseure range of 50 to 700 •• the Wallace 

Tiernan guage (upper right) over the range ot lO to 50 lllll and the Con· 

eolidating Engineering Company micromananeter (top) over the range of 

l to 200 1111crons. Intemcdiate preawree were obtained by expand1ng a 

1tnovn a:naU volll!?le of gas at a known pressure into a know large volume 

(the reaction tlask) and asllUJDing the ideal gaa law to be valid. Eicperi• 

ment1 llho¥ed azoethline to obey the 1 el gas lav to preeeures of one 

at.mospbere or leBS to bett.er tban 1,;, ( the accuracy ot the preesure 

measuring device). 

'I!le Thermostat 

One of the major problems in the construction ot instrumentation 

vas that ot the thermostat. BecaulM! of the high teu,perature ranges that 

were necessary, a material trom which a bath could be t'abr1elited vaa 

ditticult to obtain, After investigating IISllY materiel.a ranging from 



merCUl')' to mixtures ot dU'ferent ill0rgan1c &al.ta, it wa1 discovered that 

the objections to liquid bathe wre ao great aa to preclude tbeir use. 

Mt.er caref'til conaidaration, the decision to uae an air bath was reacbed. 

we required that tbe tbsrmoatat have temperature gra4ients ot no 

greater tl:lan 0.1°c. :rt vu alao necessary that a temperature regul.atiOJl 

ot :to.05°c. be obta1ne4. AJ.10, a reaction fl.ask baVing a volume reng1og 

from 250 111. for the high pressure runa to 1:,,000 ml. tor tbe lov pres 

rune wae neceeaary. '!'be large volume on the lov preaeure l'Wl■ wae neceeaary 

in order to minimize tbe fraction ot the material lo■t due to leak-out 

during the time tbe reaction wa,a beinQ: a,tudied. 

A device having the• cbaraater1st1ca waa constructed and 1e llbown 

1n tbe break-aw,y drav1ns 1n l'iSUN l.4. In Figures 15 througll 18 dU'ferent 

vieva ot the finiehed device are given. 

'D:le thel'IDOatat consisted ot a trana.ite box having a clouble Vlll,l.l 

five 1nchea thick. 'l'be space between the inner and outer wall Yll8 fill.ed 

With five inehee ot Vermiculite. Al/:, b.p. el.ectric motor mounted 1n tbe 

bottaa of tbe box proYi4ed power to <!rive a fan eeen 1n the bottom ot the 

transits boX. A lid with a removable center section providing eaay acceH 

to the gl.aea work contained 1n the box vaa constructed. contained 1n the 

tranette box vaa a analle:r cube constructed to allow a 2 inch 111>ace all 

around between it and tbe inner box of the thermostat. 'lbis inner cube 

ta shown 1n Figure 16. 'lha cube served tbe dual :role ot detininlt a path 

{eee arrovs 1n Figure 14) through \lbich the air was circulated by tbe fan 

and alao providing a support for tbe beat.era. 'lbeee beaters are indicated 

by •c• aod "ll" 1n Figure l.4. Heaters •c• were eight cbromalox beater• 

each providing 250 watts at 110 volte and were used to provide the bulk 



ot tbe necea,aey- power. Beat.era "D" WN niChrc:imlt coll• wound on gl&H 

tube• 1111.1ch vere directly expoeed to the &1r st.rems. flle:, were parallel. 

connected to prel!e!lt a total ff!B1atence of 45 ollaa and were ueed to suppl:, 

the ..U addition.i power needed tor temperature regulation and are 

ell<>Vl1 b:, 1'a 1n J'igure 19, 

'1'be air - ctreul&ted over all tbeae beat.era by the tan, Prom 

tbe arrow UlOlll1 in Pigure 14 the path taken by tlle &tr 18 obvious , Tbe 

lll&XUUD t!leoret1cal &1r velocity around We path 11 2,500 tt/mm. Tbe 

Muured velocity gave 1,100 tt/mSn aa meaeured Vith a -..,J.anet.er. 

'1'be t.eq,erature l!e!l&ing e1-nt wae an AN-5525-2 resistance tber­

maneter manufactured by tbe J:dilOll- llpitdort O:mpany and ia ebow ea B ill 

Pigure 14 and ~ 1n J'igllre 19, It WM a coll ot 0,00. in, OD nickel Vire 

an bad a reeistanc,e at l'00lll teaperature of about 90 ohm8, '1!1111 elment 

cletentined the teJ!lperature ot the thermostat and ted a a1gnal to tbe 

pbaee- sh1tt thermoregul&tor. Cons14ering the l.,ngth ot ~th the air took 

1n one cycle to be about 2 ,5 teet, the reaiatance tbermometer wae to 

1191119 tbe t.emperatlll'e ot a given vol.ume element ot air about 7 t:lmea a 

.econd, While this ._4 to be adel,lU&te it must be pointed out tll&t 

bad the inner box and ite COllt.eDtl been clesif!l'ISd !QONI 1n keeping Vith 

ae~ic principles and the speed of tbe tan inereased, as to :,) 

time• a $9COlld wo,u.4 not be an unreaeonable number , After all, tbia 

device ia notb.ing more than a recircul«ttng Vind tunnel with beaters. 

In 1'1gure J.11 , "B" e.hovs the tee junction U#ed u a reference junc-_ 

t1on tor a calibrated tbe;nnocouple contained 1n the :reaction tlUk itaelt , 

'1h11 tbe1'IIIOCQ!lple 1la8 uaed 1n cletemining the temperature at vllich the 

deecapos1t1on wu wing run . 



b reaction f1-tlk is llbown 1n Figure 17 . '.!'he tube on the lo11er 

rigb'll was connected to the lllSBS spectraneter, and vae ueed to sempl.e the 

reaction through tile leak "A.• JUlJt above the leek lead 18 the thenno­

oouple wll. '!he tube on tbe lowr le:t't ws connected to the sample 

e;vetem an4 ws usell 1n !lllmitting the $8ll!ple to the flask. 'l'l:le reaction 

fl.ask it98l1' ta shown in more detail on Figure 18. Here the •BlllPle intro­

ductii:,n Gideal111 bas been eealed o:t':t' 1n the interesto o1' keeping dust and 

dirt 1'rolll entering the reaction flask 1dlen it 18 not 1n uee. Ordinaril;y, 

thia tube is connected to the BalllPle inlet eystem. 

\be completed tberl!lostat with its as11001ated electronic regul.a• 

ting equipll<!nt is shown in 1'1gure 15 . Figure 17 shows a top view o1' the 

themoatat with the lid removed. In the lower right hand corner the 

telilperature fl8I1B1ng element is rteible. 'l'he flask with 1ts 1:110 tube■ 

1• in place as it ordinaril;v is during • decal!PO&ition run. 'l'ile inner 

cube containing tbe l\eli'ters is sbown in Figure 16. Thie ia. a bottom view 

shoving the hole tor the eirculoting tan. 

Upon completion ot the tllermo.iat, an extensive series ot tests 

wre ca?Tied out. !!he pur,poee o1' tbeee teats vu to determine the tem• 

perature gradients present and the degree o1' temperature regulation 

pon1b1e. Also, it was not know "lll)etber the air travelling upward or . 

downward · 1n the center ot the the:rmostat would produce the beet results. 

It must be remembered that at the t,tmo o1' this testing the phase shift 

the:rmoregule.tor vu not yet constructed end a mercury•1n•glass regule.tor 

- uMd together With the th;yratron circuit •• described b;y Srtnehart 

(1~9) . As wU1 be seen 1n tbe next section the phase shift thermoregu­

lator :Improved perl'ol'IJlMce ot the thermostat at leut an order o1' magni­

tude . It is reuoru,ble to ex,pect tbo,.t had the phase sh1:t't tbermoregulator 



been uaed dur1ng these testa the rel!Ul.ts vould baw co:rrespolldin,gl;y 

:IJ!lproved. 
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1be results ot the tests were as f ollowll . 'l'ea,per ature regulation 

1mprowd :f'!'OIII j;(} ,a°c to 't.0.3°c ,men the air tlow was changed rrom a dovn• 

wlU'd to an upward lttrection 1n the center at the tbel'lllOetat . Aa a coneo• 

~nee, the motor was vired 10 M to caueo an upward flow at air . 

All eubaequent teats were llll!de under the conditions . !!be volume 

ot the the.tinostat availabl.e tor a reaction fle.ak waa a cube l.2 inchee on 

an edge . ID order to conduct the 1:empercture gradient tests, a aeriea ot 

five thenic>cQlll>lee were prepared and ca:re1'ully cll,l1brated ag&1nst a platUUllll 

reatut«nce tben:10111Cter. bee thermocouple• were then IIIOUllt.ed 1n lons glaue 

tubes ,ibich entered the tbel'mostat tbrough the cover. OIUI ot the tubes -

p1-d 1n the seanetric center or the thermostat allOVing it to be moved 

from the bottaa to the top ot the cu tree 011tsidll at the thermostat. 

The remaining tour ~lee were also IIIOUllt.ed in tube• 'Which were 

located at the corners at a square having 1t1 center coinciding with the 

center of the cube bracket (eenter line at the fan ahatt) and meaaur1ng 

8 inehee on a 816! . 'l!le11e tubea vere moveabl.e to allow measurement of 

the tell\perature anywhere 11,long theU' path into the thermostat , By this 

ans the temperature through the center of the cube could be determined 

as a tunctioo of wrtical position or the thermocouples. The greatest 

1;emperature difterence measured tran the bottan to the top of the cube 

on &D::f of the five thermocoupl.ea was o.8°c, Purther, tbe greatest 

temperature dtl'ference measured between any tw tb;ermocouplee 1n any tw 

po11ition11 re~ea of distance apart (under the reatrictione ot the 

tbermocquple 111<1V-nts pointed out ~ ) vu l ,o0c. 'DMI con41t1one under 



which_ tlleM tests 111>re conducted NllEll!d traa a telllpeN.ture ot 2(1;)0 to 

'2,0°c. When one ct tbe thermocouples vas placed a4Jacent to tbe mercucy 

bulb ot the tbermoregulator, a regulation ot 0.5 to 0.9° ws observed. 

'?be:retore, :tt 1.• reaeonable to Clq)ect that a eonsiderable amount ct tba 

temperature gradient obaerwd ws due to the inadequate regulation being 

obteined tran the mercurrm-glaee the:naoregulator. In 1110at ot the 

kinetic runa, a tbermocouple _,, placed 1n the wll in the reaction flask 

provided for that purpoee. Aleo, a platinum reaiatance tbe-t.er ws 

placed tbrougb the 11d 110 that 1 t ae_,...,d the tellperature 1n one corner 

of the center cube during the kinetic run. 'lbe tea;,erature indicated by 

these tw clevieea vu recorded all during t.he kinetic run•• In no cue 

did the temperature ditterenee exeeecl o.oPPc .rter tbe phaae•ah:1.tt tbel'lllO· 

regulator vas built, teated t111d 1n8talled. 'l'1111e did not pei-mit the re• 

inetallation of the five tbel'IIIOcou,plea after tbe inat&Uation ot tbe pllue• 

ahttt tbermoregulator. llovever, fl'0II experience gained during the cou:rae 

ot 151 rune, C<llDJ)ariaona between the Ulll!P9rature ot the pl&tima reailtance 

tbemometer in one corner ot the center thenaoatat cube lead u• to tJle con• 

clueion that a reuonable IIUlllber tor the greatest temperature gradient 111 

ebou't 0.2°0. '1h18 gre4ient 'IIIOUld enet between tbe center ot the cube 

(al.81> center at reaction tlaalt) and tbe tartlleet corner ot the cube. Tile 

temper..ture gradient tbroue;ll tbe reaction tl&llk itself ws probably no 

greater than 0.1°0. 

Mter C0111Plet1on ot tbe pllue•ah1tt tlMmiloregulator a aeries ot 

experilllenta wre perfo:tWed 1n an ettort to detemine t.be opt1mulll 11:10W1t 

ct power to be diHip&ted 1n the 11111n heaters ( ae<1 C, 1ie;ure 14) and 1n 

the awdliar,y control beater• <- ~. P1e;ure 14) • 'lbllae tw eete ot 
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beaters wre 1.Gatalled because 1t waa felt that a regulatina device 

regulating tbe entire input ponr vould be required to handle too llUch 

current, Therefore, it waa telt tlui.t the bulk ot t.he power necesaery to 

maintain the thel'IIIOatat at a given temperature could be tupplied b;y a eet 

ot rather rugged beater• powered directl;r tran the 120 volt lines throuah 

a variac, 1':14 siall ad41t1onal power neceaaary to bring the theraiostat 

to the desired temperature could then be r,upplled b;y IID6ll Y1re•wund 

beater• having the1r Yindinge expoeed directl;y to the air tlov, thereb;y 

effecting a better tranater ot energy. 'l'beee mall auxiliary bl'taters 

'IIOUld then be ueed to control the temperature , !l!le;y 'IIOUld aleo otter tbo 

additional edvantao ot • $DIP.ll tbemal inertia, 1'n practice thia worked 

out very weU. 'l'!le var1ac providlld to control the input power to the main 

heaters 1e seen in the lower riSht band ~l ot r1gure 15. B;y means of 

thia variac tbe power to the main heater• waa increased to tbe point were 

the pbe.ae·llb11't the1-regulator eoulc1 eupply the ad41tional SIIAll incre· 

ment ot power -ded tor telJ1perature control. Optimum vuuee tor the variac 

setting aa a function ot de•1red regulation tempere.tu:re are given in Table 

Table XVIII 

Variae settings tor '.l!ben,olltat 

TQperat\ll'e !OCl Variac Settin15 (Volta} 

250 50 

260 55 

2:70 6o 

280 65 

290 65 

:,)0 70 

,:LO 70 
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At the time tb1• NpOrt vu written, the tbermoetat W seen .;bout 

tln,le :Yelll'• ot uae and W proved itaeli' 'itlite do:pendable and entirely 

equal to the task tor \lhicl:1 1t ft8 COllStructed. 

'l!l<t 1'bue SbJ.tt 'l'be11!ioftf;llllator 

11.POn completion ot the tbemoetat, the problem ot temperatuNI regu• 

lat10n vu attacked. At the outaet, a mercury-in-glue regulator wu uaed. 

It ,,_ soon epparent tbat otbei- me11na ot regulation wre nece&eat')'. 'l'be 

mercury--in•gl.a.8• the:rmoregulator vu ditticult to Mt tor a specU'ic oper­

ating teaiper11ture and wouJ.d only regulaw to t0.-f'c. Veey otten tb.1• value 

varied as 111Uch aa o.a0c on both s1dea ot the aet t.e,iiperature. rue, toaethei­

With the t.,at tllat the temperature drU'ted ~ over a period ot time to 

the extent ot o,e0c per hour, neceH1ta.ted the conatruct1on ot sane otbfn' 

device tor regulation. Cona1derable thought 'IIU given to this problem 

11n4 the device ahovn 1n J':lgUre 19, J)8&6 108 1RIB the relllllt, 

'l'he eeneing element '111111 a ,:eeietance thermometer mede at nickel 

wire which "811 placed 1n the thel'IIIOIJtat ehown in Figure l~, page 100 in 

poe1t1on E, '1'his llf!nsing resistor i'orme4 one arm ot a Wheatetone bl.'ide,e, 

11.r• ttsure 19, page 108. At balance tbere wul.d be no s1gnal t1PP11e4 to 

the grid ot vl. Wilen the temperature ot the t~atat ai,Qpped il.r'll0Uld 
decrease and a proportional signal would be e;ppl1$d to v1; on the other 

hand, wen the te,i,perature 1ncrea.eed, the ve,lue ot l\r 11QUld likeV1ae in­

crease, pl,acing a ll1gnal. 11881n on the grid flt v1 , 'l.'be only d1tteNnce be­

tween tbe8e two eign&ls was a ehU't 1n phaae al! JJ!l,
0

• All w ebaU see, the 

circuitry 1o11111 sc arranged to recosn1• this cballge in pbaae, TIie eignal, 

au., to a t.ellfperature cbaoge 1n the thermostat, 111 1J1Ppl1ed to v1 'llbl9re it 

&iq,edenoee one stagi, of $11Plif1cat1on end. is i,ppl1ed to the tirst lla,1.1' 
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ot v2 tor anotller atage ot a,q,lttication. 'l'lle outpllt ot the tu-st balt 

of Y2 ii fed through v, back 1nto a tv1n T netvorl< vbieh is 10 erranp4 

IIO aa to feed back all bamonics but the ~tal 6o c;rcl.e 11pa1. 

fbe output ot v2 1• placed Oil tbe first half ot v
3 
~ anot!ler at,.. 

ot lll!l'l1ficat1on 18 e,q.,er1eneed and subeequently 1nto tbe eecond hal1' 

Of v3 llbich 1• a cathoa. follower atas,! . In order to m1n:lmiu hash 

teedllack hOIII the~ •n•iti've detector v
5

, -,.otber atage ot espli• 

t1cation and cathode follower vu added 1n Yi.. '?be otrtput ot the cathode 

follower staae ot v4 - ted into a phase llelUlitive detector, v5, :"'11-ch 

performed the tollov:lna turu:t1011 . By aena1ng the pbaae of the B.M.r . 

c,p].ied to tbe bridge and e<a,par1ng it ¥1th the phue obtained fl'OIII the 

outpllt at t.be amplification netvorll:, v
5 

is clllP9ble ot ~ a 1ignal 

11h1ch 1a larger or llll&llet' t. the IR drop acroea 1\o. 'lllie aignal, 

vh1ch at the choaen operating t.en;,erature ot the the:nnoatat 1a equal to 

the potential acroff 1\o• ta the -trolling •18nel to v6• v6 ta a mer­

Clll"Y tb:,raton ca;pa)>le ot ban4Ung conttnuoual:, a current ot 2 . 5 -.,ere a. 

c6 in the grid cireuit ot v6 1, chonn ao aa to ehitt the_ pbaae of tile 

A. O. potential on the grid '}0° abea4 of tllat on tbe plate. 1\5 1• e,1Juated 

eo tllat v6 1a cut ott 1lbet\ tbe br1d&e 1• balanced, llhen R,;r e:xperienclt8 a 

nae 1n sietence corl'eepond1ng to a riN 1n temperature th9 DC aignal 

~ v
5 

becanea 110re negatiw, tberetore b:l.aeine v6 turtller to'IIV4 C11.t• 

ott. Wbml 11,;r elll)eriencea a drop in rea111tance a,.,e to a decreaaing ~ra­

ture the DC eis,w. trm v
5 

11 increaeed a pro,portionate C1X1unt Wich changea 

the biaa of v6 ~ from C11.t· ott . '1'be point oo the a1nueo14al ,mve were . 

v6 t1re1, 11 determined b;r tbe Jllllillitlldll ot tbe DC ai(Pl&l recoi..-ed traa v5• 
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The •1f!ll&l from v5 c1111 beCQ!le more and more positiw 'ldlieh reaults 1n an 

earlier t1r1ns or v6 u;p until tbe point 'libere the entire halt-wave ot the 

!IPPlled ~uso1aal voltaee ia bein(I obtained. In coneide~tion ot t,be 

1'act that tbe power a,.q,plied to a circuit trom an AC ~ 1• propor­

tional to tbe area undor the B. M. J'. vs. t:tm curve, _ lt ;t• ~nt that 

th1• 1• a proportional device. tt 1, p?'OI»rtional 1n the senee tbat the 

amount ot power f'ed into tbe tbennoetat ,1, roughly proporl;~onal to the 

error temperature. 

In practice, power 1'rQIII the auxiliary hee.ters 1a ao ad,ll!,8ted that 

tbe tb,ratron f'iree durin(I Jutlt halt ot e&Cll h&.lt- cyue 1lben the tbermo-

1tat is at tbe deaired temperatun . '?hen tbe bridge ie el1Qhtly att 

bal,ince.. 'llle furtber tbe tbe.%'110et&t dritts 1'rom tbe ~sired temperature, 

tbe 1110:re, or lees pcllll!!l' is applied to the regulattns _heaws, depend.ins 

on whether tbe dr:11't ts dovn or up, reapectively, 1n teq,erature which, 

1p either cuo, tenda w restore therl!lal eq;ttil1brium at tbe deeired tem­

perature. 

Ru :tn Gl!!rie& 111th the plate o1' v6 ie tbe l'egulattng heater, tt ill 

sane1;:IJ!lee deairable to monitor tbe wa,ve shape at the potential lli!Pl1ed 

~ro11s l\i• tor this purpo• the leads "oacUloscope test~ he.ve been prQ• 

vided. 'l'lle part ot the Cire!uit CCIIIPOBed ot v7, Va, v9, vlO, and Vu is 

a regulated B+ eupply, It is standard in ever, wy and its only tunction 

18 to provide a regulated plate supply for the empl11'1cat1on part at the 

c:ircUit . 

:rt ts 11een that ey eetting resistors 1\. • I\• "5• R6 - 1\6• a 

lerge ran,s,1 of temperature• 18 easily obta1ned, Furthe?DOre, the te,upera• 

turea ao ob1.e.1ne<l are easily repro«ucible by e:I.IIJ;ply reprod!lcinEI t!le aett:mga 
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of thia am ot the bridge and reeett1ng the vv1ac controlling the auxil­

iary beater■, 'l'be circuit will react 1n such a va;y u to bring the bl'idge 

to a null point by either heating or cooling the \bel'lll()atat, tllereby ad­

Juet1ng the value ot ~ to produce the~ equUibrillll, 

'lhe regulation <:>btained ¥1th thie circuit was quite 1111t1111'actor;y, 

Long term dri1't8 experienced wre of the order ct 0.01° 1n ~ bc>urs, Run• 

1n which the 1-rgest temperature exC'Ul'll:l.<:>n f~ a period of a \leek were of 

the order of 0.05<:>c were not llnCClllltlOtl, 'Due 1e at least en ol'der of mag-

11ttudll btitter then that previously reported froll circuits of tbt• a.<>rt, 

A large part of this_ :IJDprovement 1• attributed to the an-ane;ement ot ~ 

1n the bridge itself. :r,, previoue circuit■, ~ and it• two loads were 

connecte4 exclusively 1n ons arm of the bridgeJ therefore, any temperature 

gradient• uong the leads frcm the bridge to the themoetat were "aeen" 

by tbe bridge ae a change ii.I temperature of the thermostat. n.i, vu 

remedied in our cue by u•ing a three-lead thermometer. 'lb.is meant that 

any change in the reeietance of the lead V1res vu !!Med half to one leg 

of tbe bridge and half to the QppOsite leg, '121erefore, the overall bal­

anC!I Of the bridge 111111 not cU9'tUrbe4 by the tenq,erature gradient■ along 

the lol!d•in viree, 

,.. in c,.... involving the developnent of electronic gear to pe~ 

fona a taelt, it 11 felt that tbt• circuit ie perllllps a little more e1-b­

orate tlllln need be to perfona the Job, Experience baa ehoWll the tv1n T 

to be largely unneceuar:,, Abo, the higll].y regulated B+ aupply 11 prob• 

ably $q)erfluoue. It is felt that 1f the Vlllue Of '½ at room temperature 

coul4 be 1nereued to perhaps 2000 o.1:111• and the trequenc;r of tbe input 

■ignal to the bridge il.lcreaeed to 20 kilocycles that an ordinary 'fllr 

l!lllplitication setup to power the phaee eensitive cetector would be ade'l"&te• 
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Parta tor the l'llue• Sbitt 1bemoregulator 

Ki·'\ lOO Q WW-ii 

~ 10 Q 10 turn S.lipot 

Bc-¾5 
10 0 WW◄ 

¾6"¾7 
100 0 WW◄ 

Kia 100 IC lW 

¾9 
2 . 3 K 2 W 

'20 1 mes l W Pot . 

1lei 500 IC lW 

~ 220 K l 'lf 

82, 
46 K lW 

8211 500 lW 

825 
l Mag 1/2 W 

826• 827 
270 K WW◄ 

828 
l:,'3 K WW◄ 

~ 
15 IC 1/2 W 

R,o 470 K lW 

R,i_ "K 1/2 'If 

R,i 15 K l/2 W 

a,, 100 K lW 

R;. 50 K l 'If 

R35 
50 IC lW 

R,t; 10 K lW 
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~LI XJX ( continued) 

R57 l Meg l/2 V 

R,s l Mlg lW 

l\,c) 2 K lW 

l\o 50 K lW 

1\1 
220 IC 1/2 W 

1\2• 1\, 
l Hag 1/2 W 

1\4 50 IC l/2 W 

1\5 
l0 IC '11111':>t. 

1\6 
50 IC 1/2 W 

1\7 
270 K 2 W 

l\s lK liW-4 

1\9 10 K WW Pot. 

~o 40 IC WW-4 

~l 
10 IC w Pot. 

Rsa 20 IC W-4 

Rs, '70 IC lW 

~ 220 IC 2 W 

855 
10 n lW 

~6 
56 IC 2W 

857 
l IC lW 

Rss 117 n 1/2 W 

~9 
470 K l/2 W 
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'JULI ID (continued) 

~ 

"T 

c7 

ea,c9,S.o 
Cu 

c12 

c1,,c~ 

Iii~ beater about 115 obm1 total 

An 5525-2 Tllel'IDO•reei1tance bulb 

&dieon•Bpitdort corp. R • 90 o at y;,
0c. 

10 mtd. 6ooV 

0,5 lllfd. 200V 

0.0l mtd. ilooV 

0.l llfd. 200V 

Cbooee to give a pbase ab11't ot 90° 

(value here wu 0.1 mtd. i.oov) 

l,0 mtd. 400V 

0.l mtd, 400V 

0.05 mta. 4oov 

750 mtd. i.oov 

0,0l mtd. liOOV mica (cbooae u cloM 

U pOHible) 

0.02 mtd. 400V mica (chooM u cloae 

as pouible) 

o .1 mtd i.oov 

5000 mtd. 200V 

750 std. IIOOV 

100 mtd. lOV 

0.02 mtd. 400V 

6s,;rr Tl Trill4 r-l4X 
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'rUU: XlX (oontinUK) 

v2 6sc7 (uae 1/2 ot •cona&ry) 

v, 68L7 ~ Trad r-v.x 

VII 68117 t
3 

'Dior. T20Al.9 

Y5 6116 '1'11 Mor1t P2962 

v6 70-57 '1'
5 

Tria4 7-SX 

v7 5651 'f6 Triad R•70A. 

Ve, V9 6Aa5 T.r TriaA J'•"(X 

VlO 6I.6 Cbou Trad C•7X 

'u 51:JII or 5M Ki_ 0-5 .AMP. J>.C. 

JJO'l'JIS: 

( l) OIIII BIJII ,;, PLOO IS QROUIIJIIJ). UBI CARI lll PLOOGIIJO II 

CIRCUl'? TO LlllB. 

( 2) J'DllBACIC swr.t'CII· 

(3) ALLOW l IO'.IJ• Bl'J.'IIDIJ 'l.'IDIIO OB B1 Alll> ~ Alll) l'IYI lllllll'JS8 

Bl'1'WBl1' 82 AllJI a,. 
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A tull vave nctit1er v:l.th perh&pa a couple ot L aaction• ahould provide 

a IIU:t't1ciently aootll B+ voltage. Aleo, tvo low current thyratron• vired 

to give :ruu wave :Into Ru voul.d allow the uee ot lee• expensive tubH v1th 

the advantage ot ■till being able to diaelPate a like amowit ot power :In 

Ru• Ir li4o volts AC or 66o volts AC were available, this would otter the 

obvious advantage of allOVing an even emaller thyratron to be ueed. It 

must be :remembered thet the tundmental parameter of thie circuit 18 the 

bridge, and tbat the circuit need only to operate 1n such a va;r as to feed 

power 1nto tile heatere when the bridge ia out ot balance. 'lberetore, factor• 

811ch u trequency !111:!ft, B+ ripple, v,,;ry:lng tube parameters, varying 11ne 

voltegio, etc., are not of coneequence here. :r:t the value• of the reeietors 

making ~ the bridge atey conetant, and the temperature of the thermoetat 

ie such that ~ 18 equal to (!j_ • R4) + ~ + (Rb 11
17

), then no etgnal will 

be obtained trom the bridge and no power Vill be fed into the thermoetet. 

'1be Eillieeion Regulator 

Some means muet be provided for the control of tbe ionizing electron 

beam. ~is control must extend to both the number ot 1on1zµig electron• 

and their energy, In 110.-t mu• spectr<Jmeteri, the ioniu.tion of the 68111· 

ple occurs 1n a nearly equipotential region called the case or shield. 

'l'be ionizing beam it11elt 1• so arranged that 1t obteine 1te energy before 

it enters the equipotential regton. A heated tungsten filament 1• placed 

outside the case, Slits are provided at both ends ot the case 1n line 

nth the tungsten filament, A portion of the current emitted by the 

ftl.ament enters the equipotential region through one ot the alita. Its 

enc,rgy 18 acquired from a potential difference that 1a matntain.d between 

the filament and the e...,., 'lbe bombarding current tben travels through 
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ot G?'eeDhalgh and Jeffrey wuld be aatiatactory tor our needs. We aaked 

that thie e1111eaion regulator meet the following demands. P'iret, tbat it 

hold the trap ~nt constant to 1 pert 1n a thousand tor a period ot at 

leaet l2 hours. Second, that it maintain the electron accelerating vol­

tage constant to 1 part in 500 tor a 11milar period. !!bird, that tbe 

circuit be aa simple ae poe■ible. Greenllalgb.'• circuit did not meet 

theae apeciticatione and certain changes became necessary. A 8cbematic 

ot the tinal emission regulator 1a 8hown 1n Figure 20, page 125. 

Both of the above described e111ias1on ~gulators depend on the 

variable loading of a transformer tor control. (Ridenour and Lampson, 

19;Jr) The circuit reacts as tallow. Suwose the tilsaent, whose emie­

sion 1s temperature 11m1ted, experiences an 1ncreue 1n tel!lperature. 'l1le 

imediate result ot th1e ie an 1ncre- 1n tbe trap and case current. '!be 

increase in trap current reaulta in a greater IR drop aeroea R:, and I\. 
ibie -• the grid ot v4 to ~cane more negative, 11hich in turn rellUlt• 

1n a lowered voltage a.ci:oae ¾• 'lh1• voltage 1• placed betveen grid and 

cathode ot v6 and v
7

, and results in an increase in the conc!uctivity ot 

theae tubes. Th1B dran mo~ current through the pr:lmar7 ot '\ and conee­

quently through Rio ancl. Bil, 'lheretore, the potential presented to the 

pr1mar)' ot i
5 

is decreased by an amount eQ.U&l to the IR drop ecrou Rio 

and R
11

, plus, ot course, the IR drop at the reflected. resistance• ot the 

secon4ary of '\ end tbe plate resistances ot v6 and v
7

• 'lhe decreaee in 

potential in the prtmary ot 'l's reaults 1n a lover voltage preeented to the 

filament vhich, ot course, decreaeee the l!OliHion ot the filament, thereby 

re4toring the trap current to some preaasigned value. 
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A eon61deral>le emount ot d1tt1cult:, wu experienced 1n the eelectJ.on 

ot T5 • 'lhe current necessary to produce a de11red 1'Uement elllias:ton :ta 

determined by the 111ze ot the 1'U-nt. 'lhia, 1n turn, determines the 

opt1:llwa voltage ot the secondary ot -r
5

• Once these values a;re eboeen, 

it if not euy to obtain a tranllformer ot the proper voltage. 'lherefore, 

it was .,.cea11aey to l'l>V1nd ~• .After 11111ch e:s;pv:llllentation, the 1'ollowin8 

rule ot thumb wu obtained: 

'l'be eecondary Vinding o1' ~ llhoul4 contain a sui'ticient 

nulllber ot turn& to produce a voltage equal to at leut 

tVice and no greater than tllrtte t1me11 the voltage necee• 

sary to produce the desired amount 01' ernUsion fl'Q!I the 

chosen 1'Ua1:1ent With an input voltage to the prsi.ary ot 

120 volti,. 

Jn our ~- the 1'U-nt choeen was o.OOS inch tungsten wire 

(untbor1ated) about ll l!llll long. One !Ind OM•hal.1' volts at the secondary 

,;ere neceeHl7 to proc!uce the ileeired em1aSion 'Where the pr~ was at 

120 -.olta. Acoord1ng to the above rule, a secondary voltage ot bet'"'8n 

3.0 end 4.5 volta 1iOlll.d be necH8Q7• Conl!equently, an avere&e o1' tl)eae 

two number•, or 3.75 volts, vu chosen. A Triad F8X 1'Usuent trenllfonner, 

rated at 5 -.olts t.t 6 amp•, vu aelected &11d the eecondary unwound. It 

vae found to conaiet ot ,S turn• of Vire. A nev ·aecona.ary ot :iro. 15 

(lleavier than the old SlllcondarY) was wound, 28 turn• being required to 

give the neceHary voltage. The di-ter ot the vi:r& 11U ao cboaen u to 

accommodate the neceaaary f1lmant current which 1n our CGff 11U 5 .5 amperes 

at its ll!Sltimum• 
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'!!le 4Uticul.tiea inwlved 1n the eelection ot a filament tnna• 

former are uaually OV9rcome b;y the e:r;pedient ot inatalling a lov re■ia• 

tance, high power rheostat in ser1ea "1th the tilment. B7 adjusting 

the rbeoetat, more or leaa ot the output ot the filament transformer 1a 

d1881patlld acroaa it rather than the til-,it. '!.'Ma 110U.l.d be a s:llllple 

80lut1on ot the tranllto:rmer matching problem vere it not tor the taot 

that the re11•tance value ot the rheostat needed 1a email an4 the change• 

in the contact rH111tance are large in COGq)8"18011 to the value ot the 

reailltance placed 1n the circuit . 'Dlereto:i., tbeee mall cont.Qt re■ia• 

tance chanae• maniteat tliemaelvea iclantically u a algnal. tl'OIII an over­

heated or uilderbeated filament . '1!le circuit in reacting to compenaate 

tor thi•, produces considerable inatabilit;y, especially U the loop gain 

11 ...u. 'l'be tint model built u.eed a eeriea rheostat 1n the filament 

circutt. We obtained inlltability ranging trom O. l~ to 5~ per hour. 

1'1111 inltab1lit;y ,,.. me.aaured by placing a l5 K eeriea reatator 1n the 

tr.,p current circuit, uaing a Rllb1ccn t;ype B potent1aneter to "buck out" 

.U but 5 m1ll1wlta, Thia 5 millivolt• vu ?'&corded on a I.eeda and 

llorth:rup Bpeedomu recorder. After the removtJ. ot the aeriea rbeoatat 

and tbe fabrication and 1nat&llat1on ot the above ct.scribed transformer, 

tbe 1natabil1ty decreased considerably. '1!1119 total excursion ot the trap 

current , nov, '1/U trom o.05~ to 0.1s. Attar the regulator vu allowed to 

rw, tor ;!6 to 48 boura, total excuraions tor the next 48 to 72 boura were 

not greater than o . 0&.' . 11lua the regulation ot the tre,p current exceeded 

expectation,. It 11 believed that the removal ot the rheostat and the 

revinding ot the filament transformer are largely responaible tor it• 

aucce ... 



ll9 

u in all conet?'l1Ct1on vo,:k of this sort, considerable e,q,erience 

is gained that is not practicel to apply inaeuch as another complete 

circuit would have had to be tabrice.ted and teated. In consideration of 

the tact that thie Circuit was more than adequate 
0

tor the task, no fur­

ther changes were made even thoUSII tbe course ot the VQrlt Ghowed the ad• 

v-:ni.se in making these changes. Clearly, tbe etabil1ty ot thia circuit, 

to e. large extent, ie dependent _on the phyeicel character~stics ot vlj. 

remaining constant . 'lh1e tube bu a ~le ability to do Just ~at . 

Aleo, the voltage regulating properti~e of v1, v2, and v, leave muc,ii to 

be desired. A 662'7 tube could be substituted tor v
2 

and v, and the 6626 

tube would make ".° excelle?t eublt1tution tor the v1~ In place ot v4, 

• ditterence e111Plitier vhich would teed one or tvo stagee ot direct coupled 

ampl1tication wuld also imp~ve the cliaracterist1cs to a large extent. 

'!'be limiting etab1lity controlling tactor ot this circuit 1a the epeed With 

llhich it can react to a change 1n tilanent emiHion. All tai, M long• ter11 
. ' 

vari•tion is concerned, the 1111thor .. knovs ot no reason llhy_ stabilitiea ot 

the order ot O. 01._g per 24 houre are not possible, MIIUDling a reasonable 

loop stability. The only limitation 18 that :lmpOaed by tho elec1;;-on1c 

componenti; themselves . 

~n turning the t:Uament on &t'ter a period ot idlenese, certe.in 

prec1111~1on& are necesll82"Y,· With 1\ and l\J. Rt at _their maximum reaU• 

tance, switch l 1• turned 011 . Atter a period ot not lese than 2 minutes, 

aVitch 2 1• turned on. With "B" at aVitch s, 1n po•~tion l, l\i 1• 

slowly _decreased until meter I\ reads 6 milliamperes . At thia point I\ 
18 e4,Jueted to give the desired trap current. In our case this wu 15 .5 
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mtcroan.peree. Atter tbeee initial ad,luetmente, "B" ot s
3 

can be returned 

to poe1t1on :, were it Vill read cue current, The function ot s
3 

1e to 

provide a mtane ot checking tbe UIC>Wlt ot r,eSUlation current in the 

eecondaey ot '\. 

It ia obvioue tb&t thie circuit will al.110 regulate to minimize 

tluctuatione in line curl'ent, However, tbe range ot fluctuation ot line 

current u:perienced in our laboratory vaa outeid& ot tho range ot resu• 

1-ting current in the eecondaey ot 'l'i., 'l'beretore, tt V&II often nee 91161')' 

to i-e•et RiJ. to give 6 mill.i&lllperee through \ eecondaey 1n order to 

compensate tor either a lover or higber line voltage. SW1tch s
3 

ia .,,-. 

ranged 110 tb&t thie mtching can be made Vitbout disturbing tbe circuit 

or e.ttecting 1111y manentary d1econt1n:U1tiee in 01.1y ot tbese paths, ot 

course, a aillilll!llleter cou1.d be installed pe-ently between positions 

AA a,nd a aicro-ter between poUtione BB. 'Dlia, however, would necea• 

aitate an extra meter and etnce C\11'Nllt in AA need only be checked 

periodic.Uy, tbe lldditional component - not coneidel'ed to be warranted. 

One ot the great advantages ot a tra;, current controlled emiallion 

:regul.ator ia tile ability ot it to reproduce eena1tivitiee and voltage 

diacrill:tnation cunea etter tbe 1netalle.t1on ot a nev tu-nt. 'l'be 

"lining-up" ot a nn" ti1-nt, insofar as eeneitivity and voltage di■• 

cMlllination are .concerned, -pro""eds a s follows. 

A aallP].e ot bui- ia pitted to tbe IIIU9 sp<tc:tralleter. The 43 

1)4!ak 1e located and tbe tnetr.m.nt 1• ad,luated to ob11erw it. By care• 

tuUy adJuating tbe 110urce masnot and noting tbe values ot the cue current, 

the trap current, and tbe Pfak height, a point were tbe cue current 18 a 
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minimum an4 pellk height 1• a IDaldllnul can be obta1ned. llb1a 11Jek1ng the 

$CiUr<!e lllllgllOt ad,luatmente, tbe trap current met be kept under constant 

obaervation. even thou8'I the . emieeion reguJ.ator Will react to llaintain 

it constant. The :reason tor thie ie thet by a 8\\itable poe1tioning ot 

tile IIC>Uree qgnet, tbe t~ current be11111 can be t'eflected tree tbe tnq, 

entirely, reducing the trap current to zero. 'l.'be :reaction ot the ctl'C\lit 

ta the .,_ as it tile t:Uallent cooled vel')" rapidly. 1'h1• rellUl.ta 1n tbe 

t1111ise10n regulator atteaipting to heat up the t11-nt to relltore the trap 

curNnt to 1tll pre-ese:lgned value. tt thil euttent doea not find 1t11 

w:r to tile tre,p and conae~ntly into the regule.ting circuitry ot the 

fllliaaion regulator, the temperature ot the tU-nt wUl rise to such a 

point as to burn it out. 'l'beretore, considerable care 1IIUwt be taken to 

mow the eource magn,it in vel')" small tn~ts IIDd be alert to return 

it to the prevtoua setting if tbe new setting rewl.ted in a dacreaae in 

trap current. 

A .iiort diecueeton ot the behavior ot a nevly inatalled til-.ent 

ie c!esirable. l)urlng the initial heating of a newly installed pure tung­

aten til111J1811t, it vu noWd that larger currenta were necea~ to pro­

duce a given .-.1sa1on than etter the tUement was in 11.ee tor sane period. 

'l'h:la decreaae 1n beating current vu especially app$Nnt if ~na 

were being worked 1n the mue apectrc,eet!)r. Also, during thta proceaa, 

the aens1t1vtty ot tbe instrument "-lee over a wide 1'flll&lt 11134 it ta 

41tticul.t to obta1n conliatent resul.t11. 'l.'heee etteete can be reduced to 

a min:1mUlll by a ptoeelll known ae carbonization or earbidtng. 'Dlie proeeas 

involve• the t@lpora:cy installation ot a new filament in a system were 

it ean be expolll!d to a few hundred miCl'Olle ot a h;ydroearbon \dl1le being 
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heated to• temperature or about 18oo0 c, tong e:,g;,ertence baa llllow that 

4 h<:mra 1n 200 mterona ot n-butane an4 .an a441t1onal • bo1.1r11 1n 200 microns 

ot either trans , or cia butene 18 11Uttic1ent, l'n tbia particular 1n1tru-

ment, it a nev uncarbiaed tU-t bad been 1natalled, the fu.iient cur­

rent necHsary to produce a trap current ot 15 ,5 micrcar,q,eres at tbe out• 

aet vu about 6,5 amperes, After a period ot from 2 to 6 weeke ot cont1nned 

uH, eapec1ally with lcydrocarbon amnplea, the f~nt C1.1rrent 'WOUl4 drox> 

to 4.5 or even aa lov •• 3.9 aperea. ~tl:y a thin layer ot tullgetm, 

carbide formed on tha tilament reduce• the work function ot tungeten to a 

point w!lere it 1a no longer nece,se:r:y to beat the filament tQ aa high a 

temperature as previouel:y, '?heretore, it 1■ ■trong].7 re~nded that 

the above cerbid1ng procedure be ueed on all nev filaent■ prior to their 

installation into the IIINB apectraneter iou eouree . Even after carb1ding, 

1t 18 not unUIIU&l tQ have • filament start out requ1ring 5 mperes end 

atter a period at 2•3 veeka, drox> 4avn to , , 9 to 4 .l. aapeN!11, Ca.rbided 

tu-rits al.110 improve stal>Utty or tbe ion be• to a considerable extent. 
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Par1.1 Li■t for the l!miaaion Regulator 

Ii. l5 IC 25 V 

82 500 K lV Vire 1IOUll4 

11, 50 K lV wire wound 

I\ 100 K lV pot.en 

~ 9' K ww .. 

~ 50 IC lV vtrewound 

a, 40 IC w.i. wire wound 

8s 100 n lV 

~ 100 Q lW 

Rio 150 n 50 V 

l\i ,:,o n 50 V 

812 Sbunt to 111Ke I\ read 0-20 u , 

i;., 100 IC lV 

~ ,.70 K 2 V 

Vl OD} ll_i, 0-10 9111), A,C, 

v2 ,v
3 

oc, l'2 0-100 volt■ D,c. 10,000 n/v 
v,. 68J7 ., 0-20 lll!Cle'Oq>, D,C, 

v5 5 I\ 0-100 lllicroanp , D,C, 

"61"1 616 al.110 1lllen abunted with Ria 
20-. 
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'l'ABJ.11 xx ( cont1Due4) 

cl , c2 16 mtd 600v '1'1 1:1 Isolation tranaro.-r 

c, 0 .1 mtd 200 V :,, 500 V 1Daulation 

~ 0.5 lllfd 200 V 4 ape. A.c . 

C5 1.0 lllf'd 200 V ~ Tr11141168A 

5V. 2A. 
c6 0.06 atd 600 V Boo C. 'l'. 30 ma 6.:,v 1 .2A 

6. :,v 1.2A 
c7 0,05 mtd 600 V 'l':, 6.:, V lamp. 

325-0-325 70 - · 
ca 0 .04 mtd 600 V ~ Merit 1'~51 5V- Y. 6. :,v :,.5A 

CB Triad C-7X uee '25-0-'25 rinding only 

10 11:e?Ti 90• ~ Tr1114 P8x 

270 obDs 'l'be eecon4sr;y vu replaced 

Relay Advance AH/2C/ll5 A.C. With 28 turn• ot 110 . 15 Vire . 

81. D1'll'r With an input of ll7 V A.C. 

la 8PST it 811'\'e an output ot 3.7 volte. 

s, 6 circuit• 3 poe . aborting 
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Tnp• Current ~ted llaiH1on gulator II .. 
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Oonclullions and Suggestions for Further WOr!t 

We may conclude trau thia wo:ri<: that the tbe:nnal decomposition of 

azoethane is un:Lmolecular, homogeneous, and first order over the pres­

(IIU?'e and tempera~ ranges studied. 'l'lle· mecbanian ot tlle reactions 

appears to be comple11 and • flllc.tion of both 1.nitial pre11sure and tile 

temperature. Several runs, recording all psa1t11, at Mtte:rent pressures 

and temperatures would bave to be me&, in order to establillh a mechanism. 

Bech run would be an analytical run and corrections would have to be made 

for cbange of c0111;p0sition during the i'Ull• Tbe volume of data obtaine<l 

vould be cona14erable and eccesa to a CQIIIPUter would be necess:ar;r :In 

order that the data be reduced within a :reuonable period. 

TIie effect the eurtai:e area e:xpoaed to tile :reaction llas on the 

final compo•1tion of the product• vould be of considerable interest. 

!!hi• 110uld require running a series of decanpositiona at different initial 

pNeaurea and tsmperatures in a flask packed with Pyrex wool. lm-1ng 

these runs, all peaks vou.ld be ~corded and the data treated Just as that 

obtaine<l from the mechan1an runs . 
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In tbie 'IIOrk, deC011Q10111t1ona having a llal1' l:U'e of greater tl!cl 

2.5 minute• were atudiecl. !be lim1tat1ona on studying ahorter llal1' 

11vea 1• in tbe inlltrmentation aod 111.1ch '110rk could be done to extend 

tbe razise dovn to perhaps 100 mU11aecond8. Some ot the d.ttticultiet 

ue tbe detection eyatem, the pumping s:,eteni, tbe recording eyetem, and 

the thel'IIIOatat, '1'he detection qateia 'IIOUl.cl have to be ce,pe.ble ot a tillle 

response ot at leut 10 mUltaeconcl■• '1'111• 1a ditticult to achiev& With 

vacum tube or vibrating reed electranetere, but could prob'1,ly be done 

with an electron multiplier or a ac1ntillation cryatal and a pb.otc­

mult~lie~. ~ ot tbe moat ditticult problem■ would be obtaining a 

pqnping ayatem caipable ot eva<!Uating tbe tube at euch a rate to prevent 

tbe partial prenure at the ~ riaSng to a 1e ... 1 oot inclicative ot 

the preesura 1n the react.ion tluk. '!'he 1nlltallat1an ot high capacity 

pump• and llbort, l.rg,e c11-ter pumping leads eboul.d ao much toward the 

10lut.ion ot thb problem, A recording eyate:m ~itable tor uee in these 

ranges hall been described (Leger and Ouellet, 195,). It consiata ot an 

oecilloacope on wtch ia displ.aJ'ed the output ot th8 det.ector. A ran&e 

ot u many u 15 mu• unite can be cli~d at a given time. A maJor 

cbange 1n tbe thermoetat eetup wuld also be neceea.ry. '!'he construction 

ot a tha1'110stat--maae apectraneter canbination 1n 'llbich the source ot the 

maea spectrometer were placed directly in tbe reaction veaael itaelt, 

vould - to be desirable. a:ider thl,ee conditiona, tbe leak could be 

placed in the ionization cbember ot the mus spectrometer source direetl:t, 

'l!us eetup voulcl bave the additional_ advantage ot heating the source and 

thereby hel,ping to keep it outgaesed. Perh'IP• tbe moat s1g111ticant ad­

vantage would be the short diatence between reaction -weseel and ion 



detector. With h8U Una ot 100 llillieecon4a, the ti.. ot tl1gbt ot 

the ion trcn 1ta point at to:mation to 1ta tinal collection 'IIOlll.d be 

1na1s,:>1ticant. 

M pointed out earlier, the p;robX- ot the leak-out cOI'l'ection -

troubleaane. rt doee not appear poeaible to clllcul.ate a theoretical leak­

out rate 11b.tch ii ccaq>at!.ble with e,q>er:llllentlll data. Purtber wrl< to 

determine the p..--ters involved in the rate at 11b.tch the 8ilMI vill leak 

out ot a ...U hole -.,pear to be h1slu7 deairal>le. Certainl:, much data 

ot tl11• aort must be obtained betore kinetic etu4iea can be carried much 

further into the low pre,aure ranges . 
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