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CHAPTER·I 

INTRODUCTION . 

The rate .of Srl solvolys:l,s of cyclopentyl tosylate is reduced by 

about 15% at 60° when' an a hydrogen is replaced by an a' deuterium1 ~ 

This a secondary deuterium isotope effect was mainly. attributiad ·. to a 

large decrease in one of the carbon:hydrogen bending frequencies in 

3 
passing. from .the reactant to, the .·transition ·sta.te •. The sp .. reactant· . 

. c:arbon-qydr9gen bond frequencies are 'ca~ 2890 CI1l..,.l (stretching motion) 

, ·.. .,..1 .· . .· 
and 1340 cm . (an approximately doubly degenerate betiding motion), In 

. . 

· the transition state the hybtidizatiori of the a carbon is intermediate 

3 · 2 
between sl) and sp , The aldehydic hydrogen. of .. ac~taldehyde was chosen 

1 as a model for tq.e carbon-hyqrogen bond in the. transiti.on ,state • This 
. -1 . 

bond hasa stretching frequency of·2800 cm· , an in-plane bending fre-

~1 · . -1 
quency of 1340 c111 · and an out-of-plane bending frequency of 800 · cm , 

The magnitude of the isotope effect fo:r complete change from tetrahedral 

to trigonal· coordination is calculated to be· ca. L 38 using Eq, · 11; which 

isan approximate form of the Bigeleisen.equation2 in which 

. . /· .. =v .#.··/V .j = 
"H · vD· • H D ,1 ,1 ,1 . ,1 

1. 35. 

';r 1r 1; exp [ (O .187/T) (vH • ~ 'VH. · .#.)] 
• · ,1 . ,1 

(1) 

The'lowerobserved value of the isotope effect probal:,ly results from in.,-

complete rupture of the bond between t}:\e a carbon and 1:he leaving 

1 



. gr0\.1p. in the traiisid~li s·tate.· · Consequently, the ma~ill1.Uln :decrease _in ·. 

th~ fre~u~~c; e>f tlle out-of~pla~e bendirig mode .is ~ot..: r~al(flled/ .A de"'" 
~l' .. . .• ... ' . · ..••. < :·•. :. .· .. . . . . . 

. crease oiE ca~ . 300 ctn. :.would be corisi.~t:ent. with. the , obsei-ved is.ot9pe 

... :.... _ _.: ._ . ,'. ··. .. . .. 

ef:Ee~t/ · The ciecrease in the car~Ot1-llydrogeri' leaving gro'up ben4:i,:ig force 

c~~~t~nfs·has )>een shown to account for~he frequency:·decteas:3 ~· ;Ex:ct• 

• ca!c~lations sµggest tn~t the d{fferJnce in the loss Of:.~~r() point .· ·. 

energi~s betw~eri. the p~bti~ and deutero compounds upon passing: from the. ' ·. 
·. . i . . ·., 

reo;iitant to the transition st~te is. the principal cause of' the.~ ~f£~ct3 •. 

. Thi~ h.a~ been confirmed by 1:he ob~erved t:~mperature dependence ~f the a 

effec-t }~. the thiocyanate-catalyied is~erizatio11. of ·mal~ic' acid4 and .. 

: the. form;ti.on of methyl radicals> frOll1 the tliermal. dec:ompoSiton ·of te:rt~ 
. . -~ . 

. ·• .· ., .·. ·. '. · .... ··:···· .. ·.· 5 

. cumyl hypo~hlorite • · 
. . . 

There·1ias been interest for some time.in the ~echa~isin of.thermal 
..... -.:.:.':, .· _:. :_,. -. . '. ... -:. : ;· .. ··' . . .. _._ . 

decompositioJ:J. of. azo C<:'1:l}..P0:1.1nds ,o~ tp~. ~er17tal formu;~ R1:-N ~·.· N...:R2~ 
. . ·-: .. : ... ,.. . . . ' . . , 

, 6 . )., .. '7 . , ·.-· ·.• .. : ... 
Cohen and Wang · ·. and. Ovetbe;ger. and DiGiulio hav.e · discussed in · detai.1 .. 

!. '',: ,'; ;'' •·· ·., .... 

the ques~ion .. d.f ,wheth:r cS:rbon-nitrbg~n s·ciss;on is simultaneous .. 9f:. 
! ,· 

stepwise:.:Eq.:. 2 'and 3' and, ·4 '.t~s.p~c:t.i\tf:!:ly_.- .. ·.·· 

R - N = N - .ll2 ... _. + R. + R • + N2 . · 1 -·.,; 2 (2) 

· or 
· · '·· .. ·slow ·.·. 
Ri - R -~ N - a2 _ .· .. ~. Ri - N = N • · + R2 :• . (3) 

.I 

. R - :N: = N:· fast'.> Rl; + N2· . (4) 
,_.. : 

.:,__:::. 

Th~ act:i:vation energies, : Ea, and_ the rates o:I; dec6mpositd:q1.f of aioi$QPFQ7; 
. . ,_ .. · 

· ..... , .-· pane _(I}, 1~ (is~propyl~zo)-l_:.phe11yletha~e: (II)· and. ltl'~~~pheny+~ZQ~thane · . : . 

:. (l;I}- a~e listed ';i,n Table I'. The data in Table I shows' 



' I ·· x .- y =:It. 

CH 
3 . 

.cli· .··cH··· .. ·· 
..c ... ,.6 5 _ ,-3· .. ·· 
: C \.. N=N~ C-OH 

I· · I 3 
. ··x... .Y·· 

. II.· x\= Y, !=\ .. ff · 

Ila x = D, y. = , H · 

I!b ··•· x ·= lf,>.y ,=· .D . 
. ' . . •' · .. _ 

that Ea is decreas.ed. about 4 'kcal/mole for. eaqh 
-· . . . · .. ··. ·. . .,·_ .·· .... _ .. 

(f 6HS :• [6H5 : .. 

CH3. - r~ ,q•ij -1- Cl!3 

.. Ill ·.x= 'y :i;=·,H. 

Ilia x = 'f '*'· D 

''.'' ., .. '· .. ······· \ '.· .. >··· ·.• ', 
~heriyl gr~up subst{~~ted< 

for.methyl inthi~ serie1;1.ancl that th~ ratio of'the rat¢slfor c6mpounds: 
. . . . . 

· II' and III· is greate~ than· ~he. s~ati:s1:kal fl:lc~ot of two. 
. . . ' ' . . .. ' \ : . . ~ 

Cori.sequentl,.y, , 
. . . . 

~t waa argued tl1at. both carbori'.""'xiitt:ogetl: bort~S: i:>t III ,b.reak simultaneously 
' . . :. ·· .. \, ·, .. , ,· . 

i. ' . '.;: . . . . . :• . . .• .. '~. •\ ,· 

. 6'f/·i~h,; ... r,te ~~bre.as~ '.i•~- d1-1e.·'.1::t,al4i¥i9~ tlie. ;Ph~nr}; 8,roups. •tn the de"-

locali~ation of the indp:i.e11,~ odd.· ele<::t_ron i:n 'th~' traris:t tion' state~ ' 

TABLE I 

· .. ', ' RATE CONSTANTS, AND AC't!VATI:ON PAIW,4ETERS FOR COM];'OUNDS I' II _,AND III 

· .· · ···. · ··. - a.·········.·: . 4 .;:.1~,c. . Compo~11d .. ·· ·. 
--~a.(kcal/mole) ··· ··. k x .10 sec · · 

I 

JI .• 

-... tn 

· .. ' > b ·. 
40,9 (51.9) . · 

·' J6.5 
... . 

. Ji.6' 

·.·. 

.00001 · 
.:.132' 

4.85 · 

· a·~ Values· f:r;om Ref.' 7 .except. as. otherwise note.f .· .. 

· i/ _. b .• ":. ,See Rer. 19 • ... ·· 

. < -.c :--;>@ t2q0 

. · .. ··· .. :.·>a ·_. ·.· ·' 
. .. tiS9' ,, ( eu-~J -

'' 1··· 

9.3 ,,' 

··_7 .· 

The iis~m~l~a~eousi,: mechanism was. confirmed by compari~Ort ~f' the pyroly.:.·· 

s:i,s··. i:'a~~-- oi Hi with ,Iua8 .' ' In uninioliacularreactions ._ptocee41ng via·. a '' 

· "class:i.calll:.t:i~ansition state, a 1;\or:iiial i~otop; effe~t ;i.~ }.1z..;>1·~15. for.·· 



'' 4. 

·e~icfh a~D~. QonsequeI1tly, if II1 unde:rgoe·s simultane~us. r~pture of .• both .. · 

cai-bon:~itr~ie; b6nds an 'a effect (kIII/kIIIa) :of ca. 1S1n·.tI ~:L15)2: 

.. woul.d be' p:reciicted. · .. If.· the mechanislll_ of dec6:mposl tion. we~e _st~p:;,ise a:n 

' . 9 
, isot()pejffect df L 12 would be expected 'The observed yalue of L 27 · . 

. ····': . · .. : : .' . .· . . ~ . 

·. cori.firins' th~ · ''sim~l tan.eous i, ;m~chanism ~ . 

·: Tile 111ag~:i,t:ucl~ of the d ~£feet is <affected by. the ci~gree of bond . 

';ru~t:ure in. the transitio11 s:t~te, ·ior pyrolysis of µnsymmetricai 'az6 com- ' 
' ' 

ipOUJlds. '.Deuterium isotope.·effects 'in'the decomposition' ~f Il ,. (lla ·and 

··\.·' 

.. - lib} and, 1-(niethylazo)~l--ph~nyleth.~rie !V.-· (IVa ap.d !Vb) ar:e presented.· 

· in,Tabie It10 •· .. 

. J:V X = y = H •. 

· · !Va x = D, y = H 

!Vb x: · = ll; · y "' D 

PRIMAAYAND·SECONDARY ISOTOPE,EFF'EC'I'S· AN.P..ACTIVATION,:eARA,METERS. 

FOJ.{. COM;POUNPS .II, Ila:, fib, t:q:, :lI~a·, IV, -IVa AND' iVb 

·. Ea(kcal/mole) 
.. - ,: •. . .. 

nr/rira L 27. 1. 0229 32.6 '· .. ·,:7 
' ·. 

'9,3 • 11/tri:i · 1:.1s LoJ.s2~ 0'36.5< · 
·11/nh·· ·. io4 ··-· -· ·. · ~ · 

·· .. 
·.-.-·,,· 

·.. IV/.IVa .. ·. '1.15 1.0112c ..• ~. 
·:' .. ·:rv/rvb ·· .·. ·0~·97 -.-· · __:__ ·-· ·-· 

·a)_ .. R.efe~s only to .. tinlabelled compound.b):Average.(benzylic ;:i.,nd_isopropyl): 
c) 'Ref, 10. - ·.. . 



5 

'.fhe iS,~t.o~e· ~ff.ects· -II/z:ta:, 1.15 and J;I/lJb ~ 1~94, ind:L~~'t,e, · th~{ i.P. -the ' 

·- :ttans:t:t:l.~il "s t~-te both carbon,;_nitrogen . bonds break simu;t taneo'1sly but ·• 
- . . ., ' . . ., -.,.:·· •, .. . . .· 

.• that, th;,·Ct """phenyiethyl ,carbon~~ifrpg~~ bon_al is st:i;etched eon.sid~rably '' 
.. ·. ' . . . ' . ' . . '. . . ' ' . ' . . . ·. . . ·. ~ . . . . . . . 

m~re thaft .the> isopropyl carbqn"'tiitrogen bond. The a effects,· IV/IVa ,. 

-. ; 1.15 atid 0 tV/IVb~ o.:~h, aholoi t~~~ iv 4ecomposes in· two .discrete steps~·, · 

: . Co1,taiste,n~ w:f,th th~ :~act ~luitith~. ~thyli radical is 25 k.cal/niole less 

···. st~bl~ ·tl\~n t~~ a~phenyletij;i r~4iq~1~l, t~e sl~w step Js .. r~pture: of.·_ 

.·_ tq¢ beniyl:L~ carl>on~n:f,1!,t~gen b(?nd :;L~: IV f 9l.lowed by seissi,on :0f the . -

.. metli~l carbo~ tn a ft~t . secc:>nd step. 'The .inverse deuteriumtsotope ef.,. 

te~t ;ijserved for tbe, 4ecompositi~n :of::lVb together ~ith the' very small .. 

. ·meth;l 1~~ isotope· ef~~ct :of :1~006810 in ~~e · decowpoijitio~ •o; IV ~~g--. · 
.... - IJeiit~:-\p-.1: i;he JQetl:itlaio ,ciar~ori.;;n;trogen bond :t:Lghtei;ls'a s~all 8ll1C)U~t 

. d\lJ:.il);g the stre~ching -of the· ben~y~:f.c, q~l7b~n-nitrog~,;,. l,pJld10• · Rational~ -­

·. _ ·:b;~tiQlJ. fo:r 1::n~-b~bav:lot;"-Of,iti''can··1;5e found.·in tl,.e re.lative s~ab;U.ties _' . 
. · ... _ .. · .·.:· .'· .. · · .. ·. ·. 

·- ·o(J~e incj,p.ie~t: tadica·ls f ,~he isppropy:l, t•diea~ be~ng. m<>:i;-e st~ble. thaJi, 

'th~---me_tpyJ.·._ ''.1!'.~d:f;e~l but:·· te~;E( St~bl~:-.. iha1'• th;_.•a,.~-_;phenyletJ;ifl t'.Eldical~--

_·-· P~tmary nitrog~n isotope effec1;S were obtained for . the decomp()Sit~o~ of 

- . JI, :t;i:;c a~d IV (Tt!ble II)• lt was p9ssible t9 obtairt :a se_t of·-consistent 

~tans:J.tion state force constants to. ac:epunt: fot both' the a effects and .. 

. tb.e pd~ary .· ni;ro~en ~~otop~. ~ff ects~0• . , .. · . . . ... ,, . ' . -. 

-.. . 'Ihe· magnitude· of the - ~- isqtop, effect; r.easonal)ly reflects . the 

.' < e~~ent of rle~rease ~n. tl;\e .:a. carl;,011-.hydrogen bending force ,.cort$tants' 

and, he:Qoe, - the e~t.ent to· which· bond bi:~ak;L~g ha~ occurred 1;- the t:ran.;; . '. · ... ' . ' . . ' . ·. . . '. . . :. , . " .. . . --.·,. 

sit;ion J$tate~ ' 'tq.e eoone1. the .t~an,3ition state pf a ::reacti~; occurs . ·. 

aiong ._thf'reaqt;{ori coop,dinate the'mo,:~-- "reactap~~lik~'' 1?::p;earsi2_.· · .• 

Since the degl;'ee o~ bond r~;ture w:Ll:L be s•ll, the de~re~s~fj:n the a .,. -

·- __ --_ Qarbo'n~hydl.~gen ;otce _cons~a~ts' ~ill b~. ~mail and, heI\'¢~,a--amall _isotope 



6 

effect is expected. Conversely, the further along the ·reaction coordin­

ate the transition state occurs, the greater the degree of bond breakage 

and the less ."reactant .. like'' the transition state. This results in a 

larger decrease in the force constants and one therefore expects a larger 

isotope effect. The magnitude of the isotope effect therefore provides 
' ' a means of measuring the progression of the transition state along the 

reaction coordinate. 

The a. isotope effects in the. decomposition of ™.;. arid d 1l-l.,l' ,2; 

· 13 · 
2' -tetraphenylazoethane, V, are 1. 224 and 1. 202 respectively • These. 

values for the isotope effect correspond to a 5 and 7% reduction in the 

a. effect of V as compared to III. Three possible interpretations for 

the observed results were.considered:· a) substitution of phenyl for 

hydrogen markedly affects the force constants of the ct benzylic hydro­

gens, b) steric interference is present between the ends of V, ana c) . . 

the a-phenyl group participates in the rupture of the a. carbon-nitrogen 
l): 

bond. It has been shown that substitution does not alter force constant 

1 · . lk 14 d · h f' d 'i f d' va ues in a. anes an. since t e rates o ecomposit on o I~I an V 

are very similar, steric acceleration did not appear· to be e11tirely re-

sponsible for the largedecrease in the isotope effect. Consideration 

of all the. data suggested neighboring group participation to be the 

better explanation. The isotope effect may, there.fore, be a more sensi­

Uve means of detecting neighboring group participatiop. in compounds 

which are structurally related tha~ comparison of rate constants. 

The question J1ow arises as to whether for a given reaction the. a 

effect responds to movement of the transd.Jtion state alongr the, reacC:t.iLCi>!'1. 
.·-· ,-.: .... , ' 

coordinate resulting from changes in substitution.· A related question 

is whether substituents move the transition state along the reaction 
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.· '·.. ··. - ,· ... ; 

. coo;diriat;a •. If the ~ormer. :f.s va.t:l.d, a: correia:t:r,o~ JnaY exist between the . 

,; ~gni~tide oi ehe isotop~ ef~~ct and the .induc~ive, ·resonance, stet.ic and· . 

. neighbQfi~H~ gl;'OUP. effect of the a~bstitue~ts,; . We hav.e e~~mined a si$tem 

.. ;l.~ whi~b ~~ly. ste;i~ and incll.lct;l.ve a~ci/or re~o.nance effect~, were opera~. 
. . :> ,, · .. ·._.. ·. lS~i'i : < ,. ; •· .. ''< .· .. · .··. . . _· .... · _·_.. ' •. ·. • . 

. tive,. lt has b,en shown · •·· that; the rates of a,;;..allc.y1 ... subst1tu,ted azo ... , . ·..,:, .. : . ·. .- - ·. •'.. . . . . . . . 

_.-_·· .. nittil~s.; l,l' ... (4,4'~disubstituted) ... di~rylazoethanes ancl l,l'-(;3,3' and .. ' . '·. ·, . ' . . ' ., ... ·: ,., ·:·: .·. . . . . ' . , ·.· 

·4~4' ... disubst;;i;tute~) ... azocUl!l~nes al!e inflµe1'aed 'by sterio ~ iesonanc;.e. flnd 

-iiutu:et!v~'.£.a~t;o;ij. 
. . . - . . . 

f11 ~rder.to stud,y the inductive effeots of aubstituetlts on; the 
. . 

·. isotope,effiqt ~~· ~t:llt\ied ,a sed.~s of l,l'-(3;3' and 4,4'~4isubstitu·te~) .. 
. . . . : .-, . ~-- . ; . . . . . . . 

d;J.p~fimyl,~zoethari~s / -·· 1) l' -Dipheny la.zopen tan,e a11d 3, 3 '.~d~l.lle thyl"" 1, l '~di,.. 
. . . . . : . . . . 

phenylaiobµ¢~uie we;t:e' c~os~* :fo;r $1;~~y of. the steric. influ~nce on' th'e ·~ 

ef(ect •. 

r.,,. 

-1. 



CHAPTER II 

RESULTS AND DISCUSSION 

Kinetics 

The kinetics.of the thermal·decomposition of the protium.-containing 

compounds in. this study, excepting for 1, l' -bis (3-me.tl:J,ylphenyl) a.zo,­

ethane and 1, l' -d:i,phenylazdpen tane, have already been determined by 

measuring the rate of nitrogen evoi:ption15 • In this' study the dec;~~;~;e, 
~ . ' 

in the optical density due to the azo. cnromo.,~nore. at Amax was, mea~~~·, 

as a function of time. A plot of log O,,D. vs. time was made and t;\l,e 
~. l ,. 

rate constant estimated fr.om the slope of the straight pprtion of the 

plot. The data were programmed and sp:J.y.e.d £.or: the best 'fit to the 

following equation using the. method.of 

-kt y == A +.,-Be; ·· . 

n.on.li.,near least ~quares by an I.B.M. · 360/50 cbmputer. The valu~s .Cl.f,A, 

Band kwere estimated from the plot of log.O.D. vs~ :t:Lme. No residual 
,. 

absorptions were observed at the end AB .each kinetic run iri.dicat;i.Il.g that 

a) complete decomposition had occurred and b) the products.of decomposi-. 

ti.on did not absorb in the area of " • max 

Like Cohen and cotvorkers15 (Table,T±n, we observed an increase in 

the rates of decompositiori when the par~nt compound, 1,1'-diphenylazo­

etha,ne, was· substituted with electroIJ.-dOIJ.ating groups in. the meta and 

8 
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pa~14 poei,~iod~-~ •. table IV• l:1.~ts ,th¢ rate C<?nst,nts and, act~v4;ton para~ . 

. -· m$tei-s obtatned. · The· ;i.$otope effect was obta~n~~ by :me~_sudng tlje rates 

. TABLE:_ lII 

.. M~~ CC>;NSTANTS AND AC'J:IVATIOJi PA~TE~S OBTAINED B~ CO~N15 .. 
. ' . ' . . 

p~H 
. ~ 

. . · i··:'· .. 
.. . .• 

·. ·· p;,,,CH 
·._ ..... '.3. 

_--cH3 •. _. 

·CH·CH · .. ··. ~' 2 
: . . . . . ' 
.. ' . . 

. CH:,_ 

. P"'.'11.. . (CH3) 2c;:HC11£, 

.;.'.'"Cll' o; > . c~3 

~327 .• .. 1~014 . 

_··-.J.41 
. . . . . : 

> ,354 , . l.,liO 

~4.29 l, 488 :-

T,t\BLE . IV . 

·. Ea 

(k~al/~ol~) 

. . . . 
. 32,6, ::!; .0,5. 

32~.9 ';!: 1.8 

· 33. -3· • .~ 1· ·o · ·._ 
' .. , .- ·, . . . 

~TE OONSTANTS>AND. ACTIVA':rtON PARAMETERS OBTAIN'.E:.O 

'FOR PRO'l'IATEP SPE,CIES IN PRESENT' STUDY.: .... 

.•. Ave,;age . . . Ea ., • AS;/: : ' 

1.c··. :l.t 1.0°3 :min-1 ·. (kcal/mole} (~~u.) 
',·_·_:· ,.t·· ' 
I~ic(;H4'""" CJ!,....N;.~ 2 .. · T~mp., 0 c 

·, . :.'.-

'32 ~60a .· 6. 615a 

' 3~~flb ' 7 _j34b ' 
· _if2.91,± ,03, '•1.,280 .. ± .• 01~-

· -32,86a·_ 7.6289a. · 

32 • 4·.8,b, . . 4 w87ib. . 
- p-CH .. . · CH < 
~ 3:. : . 3 

·,. '· .. ::_..·· ··.-:-·· .... ·.··.'· ·-' 

i12.9l :!: • .• 03. 1~28.7 :f; ,013 '32~69~ _··. ·6~9()6b : m,-cH3 , : CHJ 
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, -. TABL~ IV . (Co~~j;n~~d) -•-

-Av~rage · -- Ea ·-- -tss"' -. 
1,c:'x 10~3 min~1 (lt~al,/111ole) ' (e.q.) 

CH3CHiCH2ca:2 9;3.-02 :!: .03 ~ll3S ;1; .013- · -
. .. .•·.· ..... .. . 

. !"'"'9" .· 

9.jz1b 

a) Calculatec;l using c;lata fJ:"e>m T4ble IiI. 

~}: Caii.q~lated. uaillg c;lata fr~ ;a.,1~-IV .and v. 

0~ d.eCQfflp_oeiitiot1,(pf t:~~ J?rottum;.. a.~l/,£1lewtef:f;u~.-QQ1ltain;J.\lg azo comvoµnds _ 
-- . siln~ltaa.eously. - The i-esult, ar;~ presente,d "in. Table V. _ -·-

;x;= 
. ' ' 

· ii-a-
r:-a-_._---_ 

.--p~CH 
.... ,' ._3_, .• 

' ' ' 

___ -p~~R3 

TABLij:N 

- BATE CON:STANTS -FOJ PROT;tUM ... ANO ,oDEUTERIUM...;;CONTAINING -._ 

H 

' < I> 

--lF - -- -

J>--

-com>OUND$ ~ OBSE:RVEP ISOTOFE EFFECTS 

0 ' Temp., C 

lQ.5.35, 

l(l'S. 3,5_- · 

- 10.5.13 

105.13 

-Aver:age -- -- ie_ lat:lve_: 
. 'ct,3 ,ro,1 ' k :x l,Q min - · Rat~s 

5.;447 :t .o'6 .· _l,00 

-Obse~ed --­
~;~ ----

' ·. . . : 

4. 713 .::!: ,04 ·. r.15.s ± -.005 · 

6.1{.6 _:!l .004 - 1~13 

5.577 ;!; .033. __ :L0-95 ±- ,0097 



. TABLE V (Continµed) · 

.• ' ·· ... ·····-_:·.·· jH3\ < o 
[x..:_c H-c....;..N.~].; T¢mp., C 

·· .·•. 6 4 _ I 2_ •. 

Average 
·. '3 ~1 

k .X.· 10\ > m,in · 

R 

Relat;ive 
Rates -··· 

105.35_ .· · i44i ±:.010 .. · ·1.00 
. . . .. ·· 

.11· . 

•· 

· m..;cH3 : Di i.1:C)2 ·± :.009 ·.· 

11:·: 

D 10.5.13 · 6.2248 ± ,087- 1.184·:!: .016 

It is cle~r from the .datE!, ~tesented in .Tsbles m;; I~ and V that 

the presen~e of para-metp.oxil and. pai:a-metliyl. groups . incteases , the rate .. 
. . ·.' . . . .· ·.. . '. ' ' \ . 

o( decom,positio~. . Table V shows th~ rate ,i~crease to be 35% and 13% at: 
. . . . . . . . . . . 

ios~ 35° an.d 105, 13°, respecfiye.lY"· wqile tll~ P,:resenc~ o~ a meta""IIletllyl . 
. . . 

group produces a negligibl~ effect on the. rate •. The -effects of these> 

• .. · grqupi :·oti .1:h~,r~te qf :~~act:Lb~ ~r~ ptobably -due to: thefr-:electron"'" •· . 

. ·. releasing prope;t:Les'. which may e~~biiize t,he< incipient tad:i.caL Tqe. 

. s,ugge.s tion that electroi,., ;ele~se is: operati;e in the case of . para-., . 

·methoxy]. :is tantamount .•. to 111:voking.p.,c,rbital expansion_ on·qxygen, i.e., . 

. .. that oxy~en._can·_·a~co~odate. the .. :Ln~:i,pi¢nt··odd. electr·on· ii),. one of its ~ntl;.. _· .. ··_·· 

bot19-ing:o~bitaia23 ~ .The J.3% incl:'eas; tn·the react:i,on rat:e ca:used by 

subst:fJ::ution of a pair e>f. o me•thyl groups by • pair ~f :i.s9butyl, ·grQMJJPiS 

1s pr;b~b~y ei't~r±c .. in ar:t8in15 ·cta~1~.::nui),, bu;t:the reason f~t .1:he 101i . 

•.. redt1~~t0I1: -1~ :r,eaqtioI1, ·~ate _obsety~d ~Y sub,s.~it~tiort of n;.;puty], .srcn~~ 

.. ·· (Tabi~ IV)>for. ~ pair.})~ Cl ~ethyl groups_,is I1ot clear •. Jn-terestingly, 
- . . 16 ' ; . .. . 18 .. ·. . ·. . . . ' .: . .. . < .. . . . . . . : .·. .. > .. ·. . .·· · .. · : ' .. ; 

• a 56% · -.· .·· and · .a • 23% decrease in. re-action rate was · ol?f:!erved ._when. a, pair 
. . .. : [; .. . . .· 

pf .. a.~eth;l grou~s. were subs ti tu~ed l;>y --~- pair of . etbyi ~n~, .;a~pr1:>pyl' 



.•.... 
,,. ·. 12. 

; ; .. - J ,-; t5~17 .. ··•·· .• ' ... ··, 
groups respectively} tlius, ·· i:lS .expected, the steri.c <fac:to·rs .·· , ·· .. become 

. . . ' . 

i.~~re~singly ·. i.mporta~t. as ~h~ a.n-alkyl chain. length is. :Lricreased. ··, 
· .. · ,.·:,, ' .. ·.· :····:.. .·' .:.·: 

, Calcui~itio11s based' Otl Cohen·' s rate_ measuremerttS· (Table IU) ~ere 

made using the temperatures at ~hich our rate data ,was· d~~ermirted: in .. 

. . order ~o obiain 'the value·~£ the raie const~nts ·coh~n wo~ld, predict. at.· 

... · our .te~perab1res; Tables. IV and V are: comp'ared in Table.VI~> It ·is-seen 

that excepu~g for 1, 1 1 -bis(4-methoxypheny1)azoetha~i:genE!ra11y soo/Y · · . 

·-.. agreement is obtainedi 

'TABLE.VI 

' : CO~A.RISON OF PREDICTED RATE· CONSTANTS WITH. V,ALUES OBTAINED .• 

CH3 Calculated · Expetimerital .· 

Tx~C6H4-, ~H-N=]2, k x 10 3 min,;.1 k x 10 3 ~in'1 Te~p. ,°c :% Diff, 

p-H 5 .'406a 

7.908 

105.28 . _·. 

···•ios,is. 

·o~a · · 

. 7.:3 
. ' ' 

,. ~~~~Hi. . : 
..• ;~CH;/ .;· ·:·· ... ·· . 

6.171 

5.447 ~- .016 .·. 

.' 7.372 :± '. :044 

,:', -6~146 :!: .004 · 1os<20 · b,:.4 ··. · · · · 

P:'"HO .. 
.. ~.--;,.: 

1.,255 

2~044 

:'1.280± .012 

1. 756· ± • 018 

··· 112.91 ·· 
,' 

. ' . ' \: 

li,2. 91 .• ·.·. ·, · 15 ~J .. p-?CH3 . 

.. •·p:Ca3 . ,,'1.486 1.'466 ± .• 040.·· .. ,· .. 112~91 ' 1.3 

. ,. 

a) Value obtaineciby Seltzer, Ref. 8~ 
.. · ·O 

· b) -• ··.@ 1Q5. 3.4 . · 

·.·._ .. ··. -I~ the decoiµposition of 1,f~,;.bi~(4411ethoxyphenyl)azoethane an in.,..,··· 

· ·. duction period of about- 4o;so min~ was. observe~. ·.·· ~:tots on se~iloga-­

ri:thmic gr_apli pap~r of th~ ()?t .,.. OD00 as. a function o;f, time: show. a 
. ( .. 
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. prOJl~Uilped 'c,~r~at'i.lre Up to 50 min. after Which. ~:J~t:,:-.afght' lineiis .Ob;_ 

. 'tairt~{ \hi~ inluction period. haE!. been attributed to ·ias shriii\tage: '. 

caused. .by ~e,a~tiojl .of the radicals '11:Lth traces of 6xyg¢n}5. ·. Our .method : . 

offoJ.]_o~ing th~ decrease iri· the ~ptical qensity or ·the ·~zo. ch.~om6;hore .. 
' . . : ' . . 

in degassed,. seS:],ed u.~. .cells excludes, any such eff~ct: ~f ;: gas· shrinkage. ·. 

, Furthermore, th!S · short ind~ctio1(piriod was obs~rve~: ~iii tn~py of t~e .. ·.· 
. · . ·. ·. 15 .···.. . •.•. .. . · • ·,· ... · . , · ...... ·.· 
·react1ot.1E1 · wh1le.;we observ~d:it pnly' inthE:?. cas~ of ,1;:J.'~his(4'"'.rileth,..,,· 

·.·6xyphetiyl.)a.~oe~b.ane~ . M~as~;em~nts·of. th,ernially ··.induct:?4-Aecompositions. 
. :• . :· .. 

' .. ' ;e;~ardl.ess of: met}ipd' .are always; e~rati~ for the' first part ,of the ~l~;i~ 

tiort (YWing t<;> the ,necessity ,that the: teaed.on mixture: attain. tj"J.e~aL' 
. . . - . ·, ·, • . : ·; .· .. '•'.·' ,. ' -. • • ,. . ,• ' - .• '·:•',.' .. ; ,· : ·; ._.:1(:' ., ; .' ·, 

Jr,~quilibrium~>: ·c;nsist~nt 'data··was obtained for.·.the first·zo.::.25 min.- :i;n 
··t' .... 

ea~h .of the :.;~acti.cfos . stutiied ~xc~p~:trtg fo; th~t:~of' l,l'-1,is {4-,met(~,,, 
.. ·.. ·. ·:. .. . - ' . . . . 

. '., oxyphenyl)~z~et}:1ane. ·. 'Wllile· 'the r~asori for. thi~ qeh,av:icir is. not obvious 

.··,it l!lay, account for· the, J.atge deviat:i;oµ encountered· ill, the ~omp~~ison ·. of· . 
' ' . . ' .· : ' : < '. ' > :;: :;. '/.\ ' ()·. . · .. 

· our Q:lj:pe:rimerttally deteri:nineci rate: co~stants at 105 .15 .· and ll,2)91 · to 
. . . . . . . . . . .' ~ '· ,,·:_-; :''.'>. . . 

, the Vfilues. ~xtrapol.ated front' Coli¢n':s ,;data• •.•. 
. ' . ,. . .. ·. .. . . ' .; . . ' . . . : 

·. ftnee the: ·energies··ot c9;ctfvat:i,o~·-·· :l:er each.oi ··;he'COhipoun'.ds S~Udied 
. . . 

. '. 

are ,wi~hill. 2 J,c,cal/m61~ :of each otlt~:r, ilo ... variation· i~ th~ •mech~nism. of 

.. d~:compositio~ is 'in,diria~:ec1.: 
. ·. . . 
.. ,:·,.·: 

l, l' .:.Diphenylazqmethane ... . . . 

. . . _.-·\_· 

· ·•. l; i' ~Diphenylazometharie was e:ide~qingly ~if f icul t.,;to put~fy ·. and 

··: co~ld ()Illy be~btained' in <P}lt".e: fcitm j:iy ··s~~lirna~:(9~.: .. · TJ:i~, ~omp9~nd was; ... · . 

. · .· foun.4 tc:> be, quite un~tab+e a-i:,rooin.temperature; :crystals)iacea qri,a, 
.. ·.·•.· .•... · _.:·.\ .. ·., .. ,0 ....... · ' .... ·· . 

watch glass tu.med· to "an oil. in ies~ 1:fran l h()u:r. · Even: at O · the coin-

_pound decompose'1 ·relativ~ly :rapidly. a~d ~i;t;s yis'~hiy:c~~1;~~±nat:ed,wit:~; 
. ·,. .··. . .··· . . :· ·.:·-.:·:·. : .. · . .- .· ·.· 

yellqw mat~rial wi~hin_· 36 hqurs •. ·. ··The 4~co~pos}tiot?, :p;oqttc1: had the: odor 



,···. i4 ,' 

of ben,:~lclehyde,. sµggeliting · that t:h.e decQmpo~itio~ .9k l1l)~d~phenyLazo~ .. · 

~tha~~ p;~~~:~ds via. air .c,~;da~ion:~ Fµrther ~rk- ()i ibis· colllpotind ~as ·· 

t~•ref ote.,discon tinuei .•.•. ·.·-.,. · .. '' . . . . .. ·,, ~ . . ... . . . . . 

:.,',,'.Ch~;the~al !lecompo~iti~Q ot--l~l' .. cliphenyi~2,2, ... dipherio~yazoetg.ane 
• • ., •••. • • ;. .. ; • ·1 • •• ·.... .•. • ,· ··.- .... ·/· . __ ···o'' - ·., -- . .. _ _.. . · ... - ·- -•·.·. ·, -_ . - . . _. --

(VI). a.t- 120 prod'1,<:;ed a whit:e solid and a yellow -'oil •. Tij.e mass spectrum . -
• • • •• ::: I , • •. '• • • • • • • • • 

Q~ ~he. ,s'o+i4 -showed ai,, io~ at, m/e = 394; co~;eijponding to the ;mQlecular 

..•. -_· (VI)·:·.· 

·_ ..•••...•.. ~ .. Rl\ 
.,,yy, 

. ·.: ·. -i~2 -_gH2 .. _. -.. · I · I .·- · · -. ··.· -· 
~~ -? -{v····_-.·.· __ .···, 

H H 

- (VII} · .. 
m/e = 394 -

. . . . . . . . . ·.: ·. .·-; .·· 

·_ 0th~.~ majpr' peaks in t;he spe~t;ru~ were' ~t m/e--= 30l.~ ~/e :~ 197, -tn/e ·=· · 

•.. io4; m/e' =;= •• 107 ancl ~/e • 91 ~nd ;te a,tt'.tibut~d:_io the: p¢stulated £rag~ · . 

. mentatj;o'P,S pres~ntecl ill SehelXl~ I(, 

. ; . . . ac:a~·:i;.·· 

• POS';l'ULA.+EP ,' ~ss SP:ECTRmt FRAGMENTATION 

·~··>~i. +····· ~,y .. ~ .... ·.··.· .. ·. 

··t~'~2~' 
. ..,... I . I 

.. , llvu> a . i 

.. · cp 
:,·.··.············~·.· .... ·. ~}":_P@·~~ 

m(e = 3,01 · · 
' ,~ :. ; . 



.. . . I ·. 
.. ·•· .. • .. ·. I( 

· · m/e •---~·-·.197 ·· · 

.... J@t~ 
·· ... · ~/~>~ l.o4. >· 

+ 

: .. C\ ... " 
...... ~. 

.. ·. ~/e· • 91 

.·,; \\ .: .· 

.·.·~·er ... . :.,) ,.·, .. 

i. oli> .. 
. , <r>. 

' . ' . ,· 

... and-·· 

._.·1s 

.··.·:-~-.:+ . .0. I 

·: . . ··",', .. 

·,. :_- ... 

CH{· 

m_/e ;;I. 107 
. . ' . ' . . . 

•. thec9~i,1ex ~ss ·~pectt:um ot. t.he. oi+. indicates· it .~o be .a. ~ixtl,ire 

of seve,;,l co~po~n<;ls, pr9bably forme<l y.ia.a rearrarigemep.t ·rath,e:r tha11 

d:4neriza~:lon,. an~.Jl<> f\il!'the~ 'at;t:;mpt. at ·identif:LcaUon .was Iliji.qe. · Tl:i.e · 

·•> .pos:sibU±i}·e~1·st1f ~ha,t t~~; re~:~iangelll~~~S:~hl:~h -~rdd~~el:ihe ··yellow oil 
.• ,.,; .: • . : '. ' .;.·· ::... . ' ... ; .' ,·i. • .• ' . .-:·: ... :_ •. :: :. : '.' •· '., -';•· .... . .. ' .. • 

;,_.: .• _ . . ;',, ;.-i ··., : ·,:T· '.'."; ',:. · ..... 

. l'Uptured the ~-- carbpn ... hydtogen ·bond· ~n<l, heuce, produced a primary.· :t.so~ •· 
. ' .. . . : . . ' .. . . 

· top~ eff~gf·.: .. ,:: ~in¢~:it ~9µtd b~C. l~i,o~.~:1bJ~. to separate the t,otar iso7 · · 

.. tqp~ e~f~ot into the pri~ary: and; secondary effects with any degree of 

··• .··· ~C(!U~aoy further t.lork 00; this COtnp~u~d ·Was db~ontinucad~ 

·. _.. ' . . .. :: . ·.. .'. · . 

... . · l~ w~s .~bs~rveq .that ·a .plot of· t;he .vo:Ltage · (EMF) of :the NBS-cali.,.. 

.. bl'at:ed therwo<rouple vs~ EMF pf. the'me~suri,;,.g theX'ttiocquple didti~t 
· .•. ·.. . . . .· . . :·. . . ·' .... : .. :, · .. ·' :· ... ; .. ' . .. '. ~· . .. 0 ·.· 
-.·, .follow. a:.line~r .;r:elatic;,nshiJ?. ove:r ·_the·.t~mperatl,lte range••o~!-80 ·· ... 125 ·. 

·._ .. ·· .... Howev~i', :a·· l:t-qear t~laUop,ship was .• foll<;rwed·ove;r:, two•- smaller and over­

. . l~p~ipg ~e1q~erature ,;ange~, 80° • ~10~ ~nd ,9:9~ : .. 125° ~ , 0ll}e EMF' s for . 

· each ot th~se nar,;-owel':temp~ratwte rans,s :wet'Ei piott~d separat¢ly. .A 
. . . . 

:I,:i;pea~ -l.east sqtiares £:t t f o~ ea~~ plot sho~~6 deviations· -'fro~ · the slope · 
....... ;. 
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•• • • C ' ; .·:. ' 

•. to 'be withit;t t:.he e:x;pe;riµiental ex-ro:r: associated. with readi-ng the pote~- ·· 

ti.ometer, Le., 1 µ volt. •. · The EMF's corresponding to th~ temperature at 

wh~ch th~ isotope effect. :ru~s were made were corrected using· each of· · 

·the plots covef::l,ng the smaller. temperature X'anges.· The d;i..fference. in 
. . 

. . . . . ·. ·. ·. . o. . 0 ·. . 
the J!;Mll''s cor;req.ted by the .lower temperature plot (80 · .. 110 ) and the 

. . .· .o ·.· 0 
h:l.e;her tempe;ratu;t;e plot · (99 · ..... ;1;25 ) w,as within the temperatµ:re f1'1.ctua--

o 
t-ions pf the_bath, ;i..e~, 0,0:3 • 

. The isqt,ope effects presented ('J:able V) a:i::e obs.et'ved isotope ef­

fects only, and as such, have not been.corrected for 100% deuterium in 
. . 

the a p<;>sition, Owing to 4:tffic:ulties experienced over the past several. 

· months with in$t.:t:"!Jmentatiqn, i1;: has not been possible to dete:rmine the 

percentage qf a deu.ter;l.uni pr.-esent ill the ;compounds s:ynthesized. Until 

such 'l;ime as the amount;. of .a deuterium can be ascertained, no cor:r.ected 

isotQpe effects can be calculated allc;l, hence, no. con91us:i,dns can be 

· drawn,. 



CHAPTER III 

EXPElUMENTAL 

Preparation of Acetophenone Azine_ . 

. Sb:ty gram~ (0.5 mole) of acet;.opherione a~d 8.4g of hydrazine (95%) 
. -~ 

dissolve4 in·lOO ml. of absolute et;l).anol c:iontaining 10 dropi;_of glacial 
. . 

-acetic acid.were reflu;1eed f6r several hours. The reaction mixture was. 

allowed to cool and the crude product collected on a Buehner funnel. 
. . 

The az:l.ne was triturated three times with saturated sodium bicarbonate 
. . . . . 

solutionan.d three times with dist:i,.ll:ed water to re1]love any traces of 

. , acid;· · :Repeated recrystallizations ·'f'rom waim ethanol followed l;>y drying 

in a vacuum dei;iccator y;i.elded 49.Sg · (82.5_%) of the azineh m.p. 120.5 -
" 

J;>reparatiop. of 1;1'-Diph,enylazoethane 

F;i.ve pe11;cel;'lt pailadi:um on chal:'coal, 2.5g, suspended in 225 ml.. of 

b~nzene was equilibrated.w;i.th hydrogen .g~, and 12g ·of added acetophen.,. 

one azine was reduced at roo~ temperatut'e and atmospheric pressure. 1 

Seven to eight ·'hours were required' for the uptake of 2 moles of hydro"" 

- . ' 
gen gas.- The reaction mi:x;ture was fil.teredthrough a fine- grade .sintered 

glass funnel under reduced pressure, .The rfiisµl.ting colorless solution 

was transferred to a '5·00 .... m:i.~· florence flask and o:xid;L:z:ed, with continu-· 

ous s.t;itring,' by addition of. yel':l.ow:merc~ric oxide in· 10-g. port:i,.on~ until 

no change in the added mercuric oxide. was observed. The suspension.was 

17. 



.. . . . ·, . 

. : filtired' th;~dgh· sev~rlli iay~rs of flt' fi1t¢r pap:~r .~xt~l th~ 1eh;~ite ~yap-····· •.. ·· 

/ .··:'orated un~e~ feciueed pres,sur7. ·: Th~: ci14'de azo ~ompounJ ·til~~ ::~urified: by 

. · <repeaied; r.e~r;sta:111zations fro~ ,~~thanoi; :.111;.p. 7Ls-· :n:~s:0 .• <111:; 12. - · . 
.. . . _..· .· .·: ': . ... 

•. 73?) 1\yi~lq .2~5g :(20.8%); e:(benzen~),·:45 . .76.· Amax. 359tn.if.: 

. Preparation of .. 1~-1.'~Diphenyl~zoethane-1,!'7~ 

~i~e pe~~ent )all.adium '.ci~ charco~l.~ 5. Og, · was sci~pe#ded in .2oillll. · 
.. f' \ ;~ 

· ··'.of .. purified. be:nzene wh~ch haci bfae11 distil~ed frpm. sod:i,um metal. unde~ ;n, 
..... · argon atmosphere .. • direct:ly ,-i11to t:ije hydro·genation fla~k. :· 'rlte Pd/C wa~· ' .· .. · 

equil.~~Fated ~itµ gase~ll~ deut~r:i,um .a,~cl 3og . ~£. acetophenofie- azine coµ..:. -

•·•·· verted t6 4g. of . l, l' 7dipl\~ny1Eizo~~h~ri¢~1 ~ l' 7d2 . by . th,e procedllre _ u~ed. for 

... 1 ~l• -,liph~ny lazo~ thone, · ;~; p. } L; J - 72, 3 ° (lit , 71, f- 72,. i6)!, yield 
C(i3}3%);. t.(benzerie) 46~22, Amax •.• 359.:mu ·~·· ... 

. . -

. :Te~ g•rams of benzald~hide Sz:1:n~· ~as •c.~nvert_ed to 1·,1\7dip~~~ylaz.b;,. · ... 

methai\e us±n~ : ~he abov~ pro_~edure. : t>11rif:i.~at:to1( o( t:he qtude· ·azo com~ 

po~n4 was a;tempted by multiple /r;ecrystalH:iia,tion~ :from apsoiu~~ meth~~ .... 

.. ', ol,. 'absoiute ... e.t:hanol,, .hexane, n~hepta~e,:pentane an.d·cyc+e>he:it~i:tE!'~ithout ·. 

success~ Purifi~ation · of i.sg of thi c;ucle az~ compou~a: i:,as then a:t .. 

. · .···• .. te~lJt.ed bf. tn~ans -. Of CQ!Unm. Chrom~tog~aphy ·o~ .. (60~200) tn~sh neµtJ:al:·~ill- .. _ .. -.:_ 
. ,.: . ·. 

. . ca gel (3() •X 2 inches)~:- Th~ column. ~a~ develop~d W:it~- sol\Tent ntj.jcttii¢S -.-. 

. · : rang:lng J~mn to% p~tr~l~q111 ~ther - 90% benzen~ to 59%, p~_tr,oleuin et:h~r - .. 

- • ; soi.·:ben:zene:. .11in,reyer~ the-1,1 1 ~aa.phetiy1~totnethane ap:p~~r~d·to J::~al:'range 

to<benza:Ldehyde phenylhydra~on.~ ~ll ihe coJumn'. and t:l'li~ ·tn~thod 9£. purifi- .. 

c~~ion. was · abando.~ed. Purificat:.ion w~~ finally ~cltlei~i'.J,y .suQ!i~ai:t~n- ··. 
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at 50° and 3-4 mm. pressure: m.p. 31.5° (lit, 27 - 29°)22 f €(benzene) 

,59, 8 7, i · ._ 356 mµ , 
max. 

Preparation of a '"".'Phenoxyacetophenone 

a, .... Phenoxy~cetophenone was pr~paredby th~ method of Davies and 

· ·. - 20 
Middlet.on • 

• C : • "',_ • .. _.• ,." • 0 •' • 0 • 

Phenol (18,8g, 0.2 mol~), phenacyl bromide, (39,8g, Jh.2 

19 

mole)•a:nd anhydrous potassium carbon..vte ·(27 .,6g) WE!re refluxed in 1(:):0 ml. 

.of acetone with stirring for 4 hours, then poured into water and cooled •. 

The result:antsolid was purified by repeated recrystallizations from 

.• . ·_·. . . 0 21 
· ethanol. · Yield 25g (61. 77%), m~p. 72 ... 73 ·_. 

. . 

Pre)Wi:ratic,n of . ct--Phenoxyacetop~enoh~ Azine . 

. . . 

a-Phenoxyacetophenone (15g., 0.07 mole} and .1.18g (0,037 mole) of 

hydrazine (95%) were c9mbined by the )!>rocedure descl:'ibed for aceto.1:ih~n'!""; 

one azine, The crude product was recfystall:i.zed from absolute etq.a,J.'Ql­

benzene: m.p~• 165 .:. 166°~ · 

. . 

Preparation of 1,1'-Dipheny1.:.2,2•:..4±phertoxyazoethane 
.- ' . 

The a-phenoxyacetop'penone azine (4,2g) was converted 'to azo com-­

pound bythe procedure used for 1,1'-diphenylazoethane, . The meso~ and 

· d, 1-isomerswere separated by fractional recrystallization from methanol. 

The higher-melting isomer was the less soluble of the two. Both_fo_tms 

were purified· by rep:.eated ·~;crys ta,llizations ·. from methanol:. nieso- m. p. 
. . . 

105 .:... 106°, E: 
. . . . .. .. .. . ·... . 0 

361 andd,l - m~p. 82 .• 5 - 83~5 ,· i:: 

(benzene) 48,24, Amax 361 ni.µ ~: 



Decomposition of 

l,1':-Diphenyl:-2,2';.;.diphenoxyazoethane•(o.Bg) was dissolved,in so. 
ml. of ethylbenzene and transferred to a 100-ml. round bottom flask, 

The flask and its contents were degassed by the freeze..;thaw technique 
. •, . 

20 

. . . .. •· . 0 . . 
(see p. 21), sealed, and bunersed .in a bath .at 120 C for 30 hours, This 

resulted· in the production of .a yellow. colored solution. Since th€\ 

colored decomposition products could. not. be identified work on this 

compound was .discontinued. 

Purification of Benzene 

Reagent-grade benzene was repeatedly shaken·in a separatoty funnel 

with concentrated sulfuric acid until the acid layer was colorless. The 

benzene was then extracted with a) distilled water until the washin$S 

·were. neutral, b) a saturated solut:Lon>of sodium bica11b6hate and distilled 
, , 

water repeatedly until the ~a.~hin~s w~re neutral. The beri?ene was then 

dried over magnesium sulfate, filtered, and distilled ft:6m Sodium.metal· 

.through an 18-,.inch Vigreux.column. 

Determination •-of -Extinction Coe ff icierits · 

. . 

Enough azo compound to produce a solution of optical density ca, 

1. 00 was weighed into a clean dry 10-ml. volumetric flask, Reagent­

grade benzene was added to the mark and an· aliquot portion transferred 

by means of a disposabl,e Pasteurpipet :into one of a pair of matche4 u.v. 

cells, The spectrum was taken on a Carey·14 recording spectrophotometer, 

Extinction coefficients and. >.. .. fo.r the. protium- ·and deuterium- contain-·. · .max · .. ····· ·. · > · · ·. .·. 

ing azo compounds are tabulated :in Tables X and XI respectively. · 
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.· : . . . 

. ·•.· .. Ethylbenzene 
,'·:_:· .. ····: .. ··. · .... >(:·- ·. !', . ·. •· . 

Re~gent-gr.ad~ eth:y;lben~ene was iaSsed .through a\columµ (24x 2.5. 

inche:s) C,>1itaining basic <~ inches), Il~~1:ra1. c1s i~chei;;Y/ and basic 

(3 in~h~s) 'aiu~:i.~a and t4en dist±i:ted\fro.m sodium. at atmospheric pr.e~­

sure through a silyered vacuum-Jack.et:~d colmnn (30 x: ~~ inches). Ori1.y 

·. the middle fraction having.·~ 0 .. 4°·\>.p~ ~a~ge, was ctillected. A sample._ 

. of this fraction.analyzed by gas cliromatog:i;aphy reye~ledtraces of 
. . 

,cd~pound!:l ·• tetitat;ively idend.ffed ~e;· :icylene~ ~ 

Kinetic .. :P:roced_ure 

/·: 

Preparation of S~lut:i.ons fprK:i..netic Study. 

The :requisite ·_amount of a~o coµipqµnd 11 .calculated f:roi;n • the exti.nc- · . 

. tion. coefficients .in• Table ·vu and V~JI, ~as ana:J..yti~ally iqeigh,ed:into 

·.:.·_ a.cl~~n .. dryvial and .dissol~ed: in -3 m):. of'.ethttberi;~~e •.. The solution 
. · . . :· . . .. . .· . ___ :: . . ·· . · .. · ·. :._ .. . 

' ~as·. transfer"J;'ed tq a fused quart:z: ;t1~v> cell Jitfr.e:4- v,:itb. a;,quarti tub.e >. 

>bearing a 10/30 oµJ:~r j.oint t;O ~:ya,cu~m Tine fqi.. degassil)g. . '.I~e-. ,ce,11' . 
. . 

·· was im¢e;sed in a Dewa_r fl,ask con,taining a slln:ry of finely crushed dry 

, ... · 'ice suspended .·in~q1.1al yolmµes' of _·ca+~on tetrac;hloride artd chl~'l:'qfortn.·· 

·' .. Deg~SE;irig was ac·compli,shed by expositig · the cooled. c~1i. and. its cqntents ·· 

'to:vacuµm (< i._µ);_until_the .. pressurewas e~senti~l:i,y._that: of ethylben::-• 
. . . . . . . . . : . . . 

zene. With the :·Cont~nts of ·the cell ·cut. off from the vacuum, . and the 

_ Dewar flask -}owered~ the cell .was warmed to roo~. te~pe:t~tu:r'.e wfth the 

_aici ,of .-.a ha.irdrye:r.. The• ce,11 was· ag~i~. immersed :i~i·.~hE~. s;\,i:rry-_for.i.: : __ ·.· .··.:·· . 

. cooling and, degas~ing. •. This · freeze-:thaw. pl:'ocedur_e ·was coritinued untii · .· . . ,·· ... '. . .. .. · ... ·.· . ···. ,• ··,. . ... ·. 
. . 

the initial ptessure .in .tlw system wae;ithat o~ ethylbenz~n~~ _ The cell 

was s¢aled hnd~r ~acuum by heating the quartz:tube below.the Joint until 



~ . '· . ' 

it collaps.ad •. 

··Decomposition :Rate Measur~ments 

The sealed ·-u~v. cells we:re .,laced.in· a Beckman D .• u. ,q,llartz .spectro~ .· 

: phot0\ll~te7: ~4tfi~d by ~nclosing . the c~lJ,. compar-trnent · in a : t:einperature 

.bath~ .: T:blie :~er~ was. t,ke,;,. to be the placement: .. of :the cells in.::t:he ~:el1.•· ... · 

compartment.: .· Tl?,e rates of. the. ~-p,;qtiated and -deuter11ted azo compounds . 

. · wer~. simultan~~usiy me,sured. l>Y follow~ng the d·isappearance Qf. the azo 

. ·. chJ;"c:)mophore j,~· th:e .u.v,· at t~e ma;11;!mutn absorptions, lfs:ted :in Ta~les Vt! 
. . . ... · '.· . , . .·. ·-; •, . . 

and VII!~ •An averaie . of: 80. ~() .100':poines 'wet"e ·. ta~e.n :for each •.r1,in at . time 

inte.+Vals co~respop.d:i,ne; to,;~~. 0.01 ,cipt:i.cal denst'ty change. The tem-. 

. ·. per~ture .. ~f. the. cell compa;tment ;as taken before. ,and.· after each run ... 

using ~ ~~~per~con~:eant~p .-~h~~ocou~le .'.and .·~. Ho~ey~el+ mod~l.<2745} p'o:. :· ··· . 
· · te~tiometer .. 

· The~oc~qp1e. C~libr.ations 
'·· . ···' .... 

Th~. thermocouple was calib.rated against an·NBS,...caiibtated. ~hermci-. 

·.·: .· couple ov~r ,the temperature tange of t~e iinetic experime~ts using a . 
modifi~d Co.ttrell,.pump24 ~ . Solve~ts, thermocoup;e. reaqing~- and. c~rrected 

. . . . . . ' 

. the:rinocouple ·:readit1gs ·ar.e .:t:i.stec:1 -in.· Table XIl. The sl9pes. ,· intercepis, ;: 

• and. a~sod.a~~d standard de~i$t:l.ons ob,t:~ined .from l,inear ltfas{ .. square •. ,· . . . . '·. ·. . .. . ... ·,, . . ,· . . - •, ,. . 

'. .·.· ... . •:,· ... 

. ·. : ~he mJa'lilsuring t;h~pnocouple ,.(x axis) are listed in.:Tabl~ XI~. 



TABLE-VII 

PHYSICAL :CONST.MTS OF PROTIATED Azo :COMPOUNDSa . 

R 
1 

[x-C6H4'CH-N=] 
0 b oc ' % Yield No •. ·· _.x=:. · R= m.p_._:, ·. . .. m.p., C. (Lit.) 

1 p-H CH3 71. 7-72.5 72-73 20.8 

2 p-CH3 CH3 77 .0-77.5 18-19 2L3 

3 m'-CH CH3 36.5-37.-5 ----- 20.0 
- 3 

4 . -·-ocH p 3 CH3 91.5-92 91-92 21.3 

5 p-H CHfH2 CH2 CH2 · 48.5;..49 ----- 7.3 

6 p-H . (CH} 2 CHCH2 83-84 83-84 6.3 

a) Recrystallized froin abs. methanol 

b) Ref. 15 

.£ . 

45 .. 76 

51.50 

49.13 

62.44 

44.79 

48.30 

, l. Curµ) max·· · 

359 

3_57 

·357 

357 

360 

358 

N 
w 
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TABL;E VIU 

:PHYS:tCAL CONST~S OF DEUTERATEP AZ.O COMPOUNDS8 

.... 

R 
. . I 
[x ..... C6H4...,.y--N=]2 

.·. J) 
No. Ri= 0 % Yie1cl >.. x== , m.p.' C E: max 

l p-H ·. CH3 71,3-72.3 13 .• 3 46. 22 · 359 

2 p ... CH .. CHJ 76,7 ... 77.3 16.6 52.21 357 .... 3 

3 m-CH ,,... . 3. c:a3 36.J ... 37· 10,0 49. 71 357 

4 p-0~3. CH 
3 

90,7 .... 91,2 16,6 63.60 357 

5 p-H CH3CH2CH2CH2 48 • .5 .... 49 6.0 49.30 360 

6 p-H (CHj) 2CHCH2 ---~,...-- -~~- -9!'1-...-~ ---
a) Recl'ystallized from abs. ntethanol 



l'A:BLE IX 

PHtSICAL. CONSTANTS OF lHE KET.AZINES8 

.. R. 
I NJ [x- c6H4"'"'!'""C .,;,;, 2 

x,;,;, R,;,;, oc ·.· pi,p •. , . 

p-H- CH) 120.s-121.s 

p ... CH ,...,.· 3 CH 3 136-137 

~ ... cH3 CH3 86.5·88 

. R,-oca3 CH ·· 
3 

198 ... 199 

p-H CH3CRiCH2ca2 34.,.35 .... 

p-H (CH~)iCliCH2 69-70.5 -
a) Recrystallized.f't'otn abs, ethanol 

b) Ref. l.5 

0 b tn. p • C (Lit • ) 

124" 

137-138 

.............. ~--· 

. 200-202 

"""'I---...... -

69-71 

25 

% Yield 

82.5 

75.2 

70.0 

78.8 

75.0 

65.0 
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TABLE X 

EXTiliCTlQN COEFFICl!NTS OF I'ROTIAT2D AZO (:OMPOUNJ)S 

. :p~CH''. 
-·· .. 3 

i ; ~ .. CH3Q 

CH··· . ·. 3 

··CH· 
i•• 3_. 

· _ _.- .. ·.·,· .. · 

,e7H · :(cH3?2pacR2 

t~H CH3~a2cu;cH2 

.. 45~ 76 .' 
···•A·· 
. 359.· 

357< 

·.3S7 

.360-·· 

Cone,·· 
.oi10M··. · 

.0201M - . '· 

.0.148M 

.011;_9M. 

.;Ol9Di . 

·)' 

.·'.·_' .. ·.> .:_·.-. ·,·· ..... . 

. •.. .• Aritt. · ... ·•· ... 
Weighed···· 

, .• ()406g 

~0440g 

.o4is~' 



TABii XI 

EX?INCTION COEFFICIENTS OF PET)TEBATED AZO COMP.OUNDS 

[:,c;-c6a4-c 
. I R N•J 2 

p 
.. 

lC• R• 

p-H Cll3 

. .f~CH3 CH3 

J?""CB30 Cl13 

m-CH ..... 3 CB3 

p-H (CH3)2CHCH2 

,e ... 1 ca3cH2cB2CH2 ·. 

e;(benzene) 

46.22 

52,21 

63,60 ,, 

49,71 

-.----..-· 

49,30 

359 

357 

357 

357 

360 

Cone. 

,Ol72M 

,Ol92M 

,Ol36M 

,0179M 

---~"""'-
.O:J.87M 

27 

Amt. 
Weighed 

.04l0g 

.05159 

.0408g 

.0408g 

... ~-... --
.0603g 



Solvent 

Benzene•_- -

• Azeotrope :of- • . 
Picxane.+ _ 

l{at~r -

'£-olue:i:te 

'.lsooctane. ,· 

To],uene · 

n-Octane 

... - TABLE XLi• 
-_- THEllliOCOUPLE C~~BRA'.l:ION ..... ·, . .. . . . 

NBS Thermocouple. 
Readings iii mv 

3.306 

--1~662··--_:•-

.4.687 

4.187 

4.7.23 

· .5. 445 

. . ---- . . ... 0 
Temperatut"e Range (80.,...;110 ) 

Measuring_ Thermo-.­
coupie Readings 

in~ 

3.330 

-3.687• 

4. 723 -

·- -_ -- . . - - - --. o·- - ,-. 
:Temperature.Range_ (99~125 ) · 

4.152, 

. A.f,87 -

5.416 

EMF Measuring Thei- - ' . -

mocouple (x) vs. EMF 
.1lB$ 'Thermocouple (y) 

s:Lope ·- · Intert::ept 

· .. -- - . - ·. ' .. --; - .· ' - -

. , ··. ·'- - . 
.. - . -. --· .-- .------

. ' · ... ·.· 

.• -_ 0.99b945 0~0070728 

-- ±._001594 ±~006308 ._-. __ --

·. ·--. -· ... -. .-- ···.- -~--: 
-~2-.~~~-~-.7~' --~~~~~;~~-:· 

1.00498· ~0~057581 

: ±·.do'279_< - ±-~rii14oa -•· 

I',.) 

00 
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R 
. . 1 . 

-- [x-c6u4,-y~N=]2 

ll-. 

it'= .a= . X'"'.--

R CH - i> .... 11 -3 ·.~ 

.H CH . 3 p-B 
-~ .... 

H CH p...cB3 3 

.ll CB· 
3 p-CB3_ 

H c~ p--OCH - . 3 

H CH3 p-OCH 
- 3 

H 
--

c~ m-CH ..... 3 

· 11 CH 
3 

· m-CH 
- 3 

H c~ .!!""CH3 _ 
H CH3 CH2 CH2CH2 p-ll --

H CH3cH2CHfH2 p-H -

APPENDIX A 

-_ TABULATION OF BATE -DATA OBTAINED 

Measured · -CalcU:la'ted 
. . 0 

Temp .• , -- C EMF, mv "EMF - 'mv . . .,_ ·. 

112.91- 4.886 ± .• 002. 4.85276 

112.91 -4.886 ± .-002 ·J+.85276 

\11.2.'91 ,·.ass ± .-002 4A3527-6' 

1.12~·91 4. 888 ± ... 002 4.85276 

112.91 4.886 ± :.002 4.85276 

- 112 .• 91 . 4.887 :t, .002 '4.85276 · 

112.,91. 4.887 ± .no~ 4.8.5276 

1i2.91 4.887 :!: .• 002 · - 4.85276 

J,.12.91 -4. 880 ± .002 4.85276' 

113~13 4 • .896 ± .002 4.86281 

113.21 4.900 :!: .002 . 4.86683 

k 

- . .;;,z · -1 · 1. 2930 x 10 -_ mins 

Average_. 
k 

- - -_ -_ -- -- -l _ . -1 - - -2 -· -1 
1.2687 x lO lllins __ 1.280 x 10 min~ - -

·. _- .· - ..;.2_. -1 
-1.5061 x _l-0 -· mins - -

· - . . - -2 --1 . - - -2 · - -1 
1.4245 x 10 mins - l.465.S x 10 ·_ mins 

. _._ • _. -2 - - -1 -
1. 1381 x 10. · m,ins 

.-·: ~---- 4 ~-- -~ 
1, nT4 X. 10 lilins - - l. 756 x 10 · m:l.ns _-

. -2 - -1 L 2692 x · 10 -111ins 

- .· . -2 -1 
l;. 2982 x 10 mins - . 

-2 -1 · - -2 -1 
1,2877 x 10 mins·· 1.287 x 10 - mins · 

-2 -1 1.1563 x 10 mins 

· -2 -1 
1.1581 x 10 mins 



APPENDIX-A (Continued} 

.•. · .. · f .····· ... ·. 
[x-c6a-c---N=] . 
. . ·.· 4 f . . 2 . · ... a• . Measured ' Calculated 

a'.~-~· - R= . x-. 
' ·. 0 
Temp., ... C EMF~ DlV ... · . EMF~ nnr .. . ,k 

Ave~age .· 
k 

H 

D 

H 

D 

H 

D 

lI 

:D· 

H. 

D 

H 

.D 

.H 

p 

CH -
3 

-CH3 

OH3 

~113.·· 

CH 
3 

.cli~i 

<:H3 . 

'CH3 • 

CH 
3 

.. CHJ ... 

-ell 
3 

CH3 

CH J. 
CH3 

·p-OCH3 -­

p~OC~. 

p--OCHJ · .. 

··,p~l •. 

. p...OCH3_ 

105.25·· 4.527 ± ;,002 .4.49200. . 7.4004 X 10...;J tnins-l 
- . 

. · ·- .· . . . .. · .···· .. · .. '·.' . . ..:.3 ·. - •-1 
.105~25 • . '4~527 ± .1>02 · _ 4.49200 · :6.1259 x 10· mins ·· 

· . · . - . . . , .··• .. . -3 ~1 105.13 · · 4.522 :!: .005. ·· 4.4:8750. ·· 7.3825 x l.O mius . 

. . . ·. . . . . . .·· -3 ·.· -1 
lQS.13 4.522 ± .005 4.48750 · ·. 6.1578 x 10 -mins . · · 

105.13 , 4:.522 :!: .. ·002 · 4,48750 7.4483 ;x 11>-J m~ns-l .. 

p-OCH3 . JOS •. 13 . 
.··. ··. ·. -3 -1 
6.4-44.x-10 .·· mins . 4. 522 -:t :~002 4.48750 

. - . ' . . 

.··.·. p...;oca3 105.13 

p--OC~: ,. ·· .. 105:.-iJ · 

:p.:.ctJ . 105 .13 - 3 . . ·. 

·p-CB· 
..... 3 

p-CH-· 
- . 3 

·p--CH 
- 3 
.E_-CH 

- 3 
.p-CHJ 

105.13 

105.13 .· 

·· 105.13 

105 .. 13 .· 

105.13i 

4.522 ± .002 · 4.4s1so . · 1~3-»1/;k~~11t~~tis~1 · - - · .. · -l ·. .- ..:1 
7.3724 x 10 mins 

· . · . . · . . .· ..;;3 '. -1 .. . . . -3 . -1 
4.s22 ± ;,.092 4~4875.0 i . .'1976 xlO .mins · 6.2248 x 10 'mins 

.· · .·· · .. ' · · . -3 · -1 
4.522 ·± ,002 . 4.487500 · 6 .• 14-SS x 10 . 111ins . . . - . . 

~1r .... ~~/9002 ·. 4.48750, ,.· 

4.522· ± .002 4.4'8750, 

4.522 ± ,002 · 4.48750 

4.522± .-002 4.48750 ., 

4.522 :!: .002· 4.48750 

·. · ... · .. -3 .. -1 
5.5271 x 10 .· mins : 

6~.15.30 ·· x · 10-J .·. mins -l · 

. . . ...;3 . -1 
5 .6194 x 10 · mins 

· ·, · -3 . -1 ., . -3 . -1 
6.1416 x 10 mins .. 6~146 x. 10 .mins 

· -3 · -1 . ,· . ;_3 . -1 
5.586 x 10 mins . 5.577 x 10 mins I.,,) 

N 



;':·::It;.:: .. ,::_·,: 

{~~r 6a,--f.~j~ .... ·•· . . < 

·. · ... · . 0 •.· .. · 
Temp.. C X= 

Mea,suJ;"ed · ·:· · Calbulated 
EMF:.·mv· .,. · _•.··EMF •.. mv·· .. k 

Average 
'k .· 

·: · . · .·· -· .. , ·.. · .:. ·. . .. · · . ·. ··-·· ·.· ·. · > · ·•· •· . , · · · ·· ·. ·,. · ·. · .. · · . ·· · -· · , ..;-z ·_· · ..:r · · '·· .. , ·• ·· · -· .· -2 ·•• · ...:..1 -·· 
'H . .cu3cu2cH2C~ _!7'H · -~1'3~32, 4.905 J .Q02- . t.~87186. 1~15-06ix 10 , tnins · .. ·.· ,1.153 x 10 · mins .. 

: J~3l2btica2; ,. p-li Jl'l.12.< < 1/,9s ~:·:.-003, . i.;~11s6 .~.o42s x 1:0:! 1n1n~(!; ,; : > ~2. . _1 .·. 
H (CH3)2CHCH2 · P-:-H . .· 113.32. <4-.905 :!: .003 :4.87186 .. ··. ~:.0970 x 10_3 mins_1 2~·07() x 10 · iilit;J.S . 
H. · · ·CH3 _. . 'm-CH . , _· -,3.;43 ,· .. 3.il,915 :t\ .-0()2· · :3.94608 · · .· 1:.33.29 ,x '10, mins > ·· 

·· ..... \:~.,·•··. ·,~······ .·. ··•····.•i::~; ....•.... ·· :~:~: ;.;E· ·.;~::::····. ··•I:2:.:~f ! :~~; .... l.336~.~. iti-3hl~ -i 

···u 

H 

.·])' 

H 

. ;C~~~2C~2Cll2 '. p-11 . · .. ·. 93~02. . • ]~965. f./002 . ·i;~t)617: . J.,•1568. X 10~3 ~ins-l 
. : ' : 

;:~~~ ......... ~:·· 
. •. /,cH,:f'c· .. ,. 

CH3·,: .· 
. ' 

·:···:cH3. 

g;,..H 

-r~H 
p.;a;li .-

'93.02 · 
·. . .· ... ·. -3' ·. -1 · 

·.·. 1..1448 x 10 mine. . 3.965. :.t· .. ~002 3 ... 9361.7 

.· l~:995 :!:' ··.op2 ).l36l7. 
. '. : . :.3 / · ·-1 ".: >: ·: ;,.j' '. .;;;l. : 
1~1245 x 10 · mins .. ·.· 1 .• 135 x 10 .. 1Il1US •, · 

..•..• 102,.19 . ··.· ... · ... ~,411 .t•·. ; 002 .· 4. 378l3 .·· •... 4 .003 " lQ:: ~~$:: ••.. 
· 102._79 . · 4~41L;t .002 · -4.37813 .· 3.541 x 10 ·_.· tn:i;ns . 

. · .. · .. ; ; . • . . . . ' .· .. ;, - '. >: .••. .;..3 ',.' .. · ::1 
105.35 · . 4_.532 ± .:002 4.49~04 ,·.. 5.405 x. 10 . mins, .·. 

Not Us~d. 

Not -Used 

w 
w 



D CH,.. 

·m-ca·., .,...,. ·3 

p-OCH,.. 105.25'. 

4."532 ± .002 .4.4.9804 

4.49804 
, -3'. •. -1 

5.372 x 10, . mins · 

± ~ 002 4 • 4.9804 

',· > << . . . ,· .' .·· ·.·.··. ··.·. ·-3 . . >-1 .. · ..•. ,• <> -3 . ,,· ~1 
± ~002 '4.49804< 5~5658 X JO mins 5.447·.,X 10 . mins ·. 

. ..·' .. · . . . . ·, · · · •.. · . ··•··•. ' .. · ,,·, .... ·· -3 . ·. . y-1 ·.• ... ··. ··, .......... ·. ~3 · ...:.1 
± ~.002 4 .49804 4. 7786 x 10 · · mins ·.· · 4 ~ 713 -X 10 mins · . 

. ·. . . ·.. ·, .· · . . '""3 · .. · -1 
± .002 4.Z.9804 · · 5.43'S2 x 10 111ins-

.Q02 4.49804 
· · -3 ·. -1 

4. 9913 x 10 mins · •. 

-3 · . -1 
5.4577 x 10 mins · · 

'. · ·. . .... 3>, ·.·,.·. -1 
4 .• 9482 x 10 ·. .. mins ·· · 

·~002 ,..3 ,.· .. -1 
· 5.4353 x 10 min$ 

,± .002. 4.49200· 
· .. · .. ....3 .•. ·. ".'"l 
4.8728 x 10 ·· min$· 

4.527 ± .002 ·4.49200 
. · ..... ,..3 . · .. · ..... 1 

7.3197 ll: 10 mins ·. 

4.527 ± .002 4.49200 
;..3 -1 

6.1985 x'lO mins 
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