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slf[oPSIs

å, rcvicn of rbeotlons betilean trialJçrl¿tuntntt¡ns andl 1-oleffna

haa been ettcnptcdt, wlth partJoulas en¡hesf.a on the klnctlE

j.¡rfometlon of the grwth neaotion, tlæiveô by grovlous teke¡ra.

Sone oritlols¡û he¡ bsen Lwelloö at ¡revlous ¿uthora on ths

beslc of enrors ln praotioal sr¡d. theoretloel teobnígue.

Thc klneti.ca of the adlditton resôtlon boùræu trietÌ5rl-

alr¡nlnluu ancl 1-ootene hoe been studlLêit fn tlctêil, utlllslng

¡rotoa na6nctlo r€sonanae epeotroecopf er the kl¡rstLo tool,.

Reeotion rats oøstants nere æa-lt¡atetl et flve tenparatures

betreen 95o a¡¡¿ l2ooc a¡¡è the ,å¡rheatus pa¡ånèterg saloulated.

.A¡ fnvegtlgation d the ro¡s¡grL;l{pæ equtllbrit¡n af

trteùÌryJ.elrninlun haE bsen pæfomedl" lLn applletl ebuJ'liouetrlo

teohnJ.que reg uted. to e¡tinete the ili¡cr cllsgooiatf.on oorutantt

Kur et aøveral tonperettres l¡¡ the range 8oo to 1z5oc. the

Ioorlc{ge of, both KU anrl the ôerd.vail hcet of cllaaooietJ.o her

enebleil osrrcotfon of tbe ¡nrre rysben rate conctsr¡ts anð

.ðrrhe¡¡lus parauetc¡ for .limer d-issooiation.

.å, kfuratLo ltuqr of the conplexeô trd.ethylalunir¡iun anrl

1-ootenc reaotLon hes bEEn porforrnsè rlth rate eonstant¡ et flv¡

tanperatrnos bctwaen lOOo anê l2Ooc ancl aooonpa¡ytrrg Ashøiug

paranet erg taÞuLeteal..
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The rtolchS.onetry d the trlotÌ¡¡lelunf.nfi¡n-ctbar ocaplcx

useð abovc baa been døücn'"nl¡eô þ poton nagnetio reoøanos end.

thc cqtrlJilÞrù¡m oonstant fc conBleur f,c'netion êcr{.ved[,
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CH¿¡qm I - Gï[IEB.$J, INTRODUËIIQ$

the lueprtanoo of TrlalJarl¡,lt¡¡¡j¡lqP¡

Althou6b ot€ðnoslrlmtnfuû cclrpour¡dll tcrc pr€P¡!cd'1 fu the

n!.d nlnetètnth oüatts¡r, thclr tnt¡¡ soatrlbutLo¡ to ¡o1s¡ttlffo

rrooeroh enð taèhology wao not realla.dl u$È11 tÀs ainctcst

flftLc¡. Tn 1!!$, K. Zleglerz d.ovolo¡ndl thË ¿ircst qmthcalr

of aXunl¡1t¡E e&yl¡ W onc on t¡ro strgc poêtsloir
7(a) ut*ËHz*5 crrnao d .ü(cnnã+t),

;(r) Ð *É,tr, + 2 .{lR, 4, Ra.rllr

, RzAlII + ) G'II,, d J R,ASoHar*t,

lhece ncthoits provldlcil eoononloell¡r fca¡lble qmtheacr

for oonmæoLal uoc. Cøblnsð scatl¡d,o a¡il f,ndt¡¡tntal, rogcaroh

f,lluatrctctl thc valuc of ülfa$ylah¡nl¡lunc ¡s:

oopoundla fe thç a¡ætheais of hltharbo rlttfloult-te¡noperc

organLo oøpountF, cuoh ec 6têr+r'g netæia¡s fø the

a¡mthcala of othcr al¡VI ooupouaclr by ¡nooca¡os riiLoh erc

ooonsuisal oonparecl with Gr{,gnnrdl. rceotionr ¡

f¡tertodlate oatalysts, e.g. fe ethylene olfgomerfration¡

Êo-g¡t¡lYlt rith tre¡¡sltion qctal oonpouna!! f cn gtorËo-

r$ular po\yucrtaEtfon (tua zræhn-Natte cateþct) ¡

oateþata, oooataþsoô þy rctcr or qulnonoa, for vlnyl

po\ruerd.ratíon encl o o¡nl¡nncriaet lm.
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Bonclír¡c Ln Orce¡¡oelu¡nLuù¡n Conpow¡dc

The bonð{ng oonfigurationg of otgsnoaluû¡Loir¡¡ coûPounds are

unusual er¡il cot¡Lil not be lmrettJ.ate\r solvetl. by convoatlonal'

theory. The ah¡nfnir¡n M shel-l has four orùitals oocupletl by

tbree olcotrona, whích tends to produoe oonpoundr tn wt¡foh the

ebell of, the nctel aton Ls ruaaturatedl. fhua alt¡nlnftnr wfth

Ita lack of dt cteetrone art¿ llnltetl tendbncy to forn nultÍp1e

bontl¡, can ailopt a varlcty cf boncll¡¡g cituatlons to compeneate

f or fts elcctrqr d.edioiEnoy anð unseturatedl coortli¡ratim. the

ootet-oorffuuretion rtebillty oen be aphlçvett þ the ðireot

aeoeptanoe of eleetrors fro clonor molcoulss, by tho form¿tlon

of brtdgt¡rg eopoundr, Tr'lth an eleot¡ron dtonatlng atm al parb

of the br{.d6e or by f,i-erigetion by forrnation of eLcetron

ileftolcnt (.nt-O-nt) Þr{.dge bond.s. Theae electrø¡ ilcflctæt

bonds a¡E oorralcnt and. aontaj¡r lesE tha¡r trro claotrono pg

bontl. These three oontne bmtll sero a departwc fron olassloal

vaLerne thcory, but aro nofl gsnsrally aoocpteil encl arc belfevetl

to be raa¡nnaible f,ce netal,-metal boncllng 1n ocrùeln olasac¡ d

co¡nunrl.

1[he roaBttvlty of organoa,]¡minfun oøBountla 1¡ E rooult d

tls eLeotronogatlvtty of the eluninfu¡n etcla f.tceU. To olarffy,

a1r¡nlnfu¡n å.s eaeJ.6neð a Paullng elsotromgatlvlty ú 1.5. Thia

ls rof,leoteù Xn thc reaotivity of, the eh¡nlnJ.tæoarbø boncl,
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whlch ts i.nterßeéllate between that tn thÐ t¡tghly reaotlve eil{Jrl

o@pourrds of elcnents 6. Groups I(A) ana II(¡) e¡xô tho noro

uw€a.otivs algrla of etemonts l¡ the ff(g), III(B) r IV(B) en¿ V(g)

suþ-grouB8r îhe fomer a¡o nore eLeqüroPoËltfTe fangfJ¡g fron

¿bort 0.8 to the none electronegative at arountl. 2.0. Àg a

generalLoation, the Lnte¡tedLate rceotlvlty g¡uup nq¡r bc aaidl

to oonpriao the alryIs of clernents rrlth Pauüng elcctroncgatlvtti-e¡

Jn the rer¡go 1.0-1"5 whíoh lnolutlos Sf., Be, ![g, .A,I a¡rdl po¡slb]ðr

eomc transttlon netaLe whLch føn thergally ungtablc allryI

owrponnde¡ Ðd wÌ¡.tch as yet have been llttle gtudied.. llhe

Jnportanae of tble tronrP of, cøpouncl¡ U.es wtth thol¡ reasoûrably

h:igh reeotlvity, but not Eo hl€h that the resgsnts ars h&hfür

unseleotlve. It ùs !n thie SrouP of conpouado that Xt ig PossLbls

to eeLeat oo¿!,tttmg of, aolver¡t anð reagcnt by rhl'ch an elenei¡t

of eontrol, can be ¡xerteô or¡er the reaction ocnrrlg entL proôrote.

The alr¡ul¡fin¡carbon borrð fg bell,cvctl to bø polarlsed. tut

eeaentia$r e oovel€nt boncl. There i¡ no ct¡idltr¡Oc f or ttp

fo¡tatlon of øiuple oa¡ba¡rions ln arry aolution. The oortluotivlff

d ocrtein solutione, if not èue to i-upurÉ.tiea, erlaee fl.om canBlct

ion¡ of th6 .{¡R;, AlRa* t¡¡pe.

The ten<lsrny of tr:i^eLlrytalrrd.niuns to dLncrd.ea through

three oentro boncliE ls ootnon gr¡ly to trt-n-a1kyl¡,Lr¡nl¡ir¡¡ns d

Ìrhl.êh triaetþt antt trtEtÌlyf.alrxrtni.uns ere t¡rpioal. Alkyl groups
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brenohcð ln the 6, or p posi.tlcn apptalr too bulþ andl ¡terÍca{y

hlnalar il{mcrlsatlqr. Ilenoo alJqykfunhftnr trlth o andl B braaohcdl.

groups sl8h a.E Laopro¡ryl anil" f.sobutyl a¡c r.uraarootetccL

Tha reaotLon d organoalunl¡tun e@pounib rlth uraeturatcdl

lrydtroearbons Tst illsoovcrcù þy K. zLqLæ.' îhe grorüh or

ilaufbêun reeotloa a¡ Lt wac oeIled., Lnvolvod tho oc¡nþLnatlosr of

trfalbrfa,lwlnltus rlth ethyl¡na at a Bñrõturc of l@ atnoe¡ihere

andl a tenperatrre of lOOoC, rczu1tfn6 ln t]re fomatLon of uæ

braæhcdl lory ohetn trlalþrla1r.ml"nit¡oc. lha best Büßsnplc of

tho growth reastion fE the cmbinetÍon of trisblryleü¡¡nl¡1r¡a a¡tl

ct!¡¡rlcne. Thl Jrtêl,d 1e 3-ong chel¡ t¡dallf,rlalr¡ml,¿lr¡ns rlth a¡¡

öyen nu¡nbsr of oarbon atms f¡ eaob ohal,n.

The ncohpnfg¡n of the grørth ¡reectlon l¡t

R-a]- + n-CaHn n(crÇo-al (1)t

1'3(nU"¡e et Â1),

or al-OH'-CH'-R a,L-lT + CI{,4H-R (e)

el-H + Cn24IIa ebcfi' (¡)
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nEeqtiqr¡ (2) ênô (r) oonstltute tbe itLaplaorncnt (Hverdbangr¡ngil)

reaotÍon r}¡loh ls 1n ocn¡rtltton çlth thc g¡øth reaotlon, tþ

ilf.apl,aoauqnt ratc lnoreesfng with the bulk of, the attoohedl. atJq¡l

gro[pr 9-bra¡rohsdl groups are öeplaeedl more reecliþ tha¡t

strafuht chain groups. [he rate of Eôdlitior¡ cf l-a].kene to

the JII-H bontl (reaotfon (l)) dpereasea wlth cubgtitutfon of the

vtqyl oa¡boaa.4

CHZ'CHZ > R6H.0H2 > R,CÈCHZ ¡, R-CHaCII-R

Ia thf.c oa¡o tha rllnfrllehetl ¡eaotfvlty tcmard¡ nuoLeoBhtlto

aeldlttlø arbc¡ out d tho lnæca,ctng elcotror druslty ln tlÞ

zr cysten ;tth eL\yl subrtLtuùi,cu. Årçr rterlo çúfeot ic alao

enlranccdl þr tù1a a$yl eubstitutlon.

[he rate of dtspLaoøont (¡'eeotiono (e) ena ())) fc fnaopendlrrrt

of ctÌ¡ylcnc pnÞ¡Ër¡rr. Thic lnp}ler tbet rceetioa (2) ebovc fr
ratc eorrtro[ing andt ttrat reaotfon (3) fonowo r*pidftr, Thu¡ th¡

noat lnportent faotor l¡fluqro{ng thc dü.ap1a.oonent r-ceotl.on l.¡

the stabttLty of the aJJryl group of thc reagcat torarrl¡ hydrfðs-
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eLfnination (rsactfon (2)). As ncntfonGdl èbsve, thc group le

not stable ln r¡nall n alJgr3- coulþundilË ( c.g. cthyl) andl leagt

stablo Ln p Þranchc(l grorpe (e.g. !.cobutyl) çt¡cra a reEotivo

H ¿tou -cH2cë(cH 
3) z L, favourebþ Blrceû rùørloally for

lntsaotion rlth a vasant orbital on thc Elt¡nintun atæ.

llhc lncrcescd rate of the grcrrth rceoti.on andl. the

tniùspentlcrpc of ttrç rate of dllsplaeæcnt on pralarrre neans that

optlrun yteldo of grotth prodt.toùe are onþ obtalnetl at htgh

prêssurct. ¡[Iao, the gronth reaotion f ¡ er¡tlrcþ urroøpstltfvc

wlth the dlf eplecæcnt reactiou whe¡r p-branched trtelþl-

ah¡rnlnlung reeot rrlth 6bhyl6ne¡ ê.gr

T",
=C-0H,

ln,
-6il-clt + 3 ClTr=EI[,

*z

)*rnr-cïr, + 1 c'z

"{

J

R1 = lBo Rz = ïit

Thc ¡roiùret d dlLaplaoæsrt ia clrrye I 2-elJq¡l'1-allcenÊ.

Thc rceotían rl¡o oo€Ìr¡pc wlth branohodl or rtrefght chetn tüls&yl-

alr¡mlntuna a¡¡ct htgher n-1-a.llßerË6.

Thc grow,th r¡actlo fc sloTr at lorr ton¡nrrturol ttÊn undbr

opùturta oondi.ti.qe of, h16h ctt¡yl,cnrc pFotÊürar Thta pX"eoo¡ the

Iaøcls r¡rd¡r ooncfilßebl,e omorsial dü.¡adlYaatage. Aù hfuhor

ten¡nretr:rcc (ebove tæoc), tb laa¡.Dôo of slilr rcaotlq¡ auoh
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as GhÂln ruptur! andl a1ken6 ;l{ms¡'l6etion becme pron{nento

Ileet generetetl by the reeot5-on has to bc removcð to prevent

unwåfitsil sidc reå.ctionc. øose15 aolveð theae ¡xobloa anê

irn¡rweð the af,fLeienoy of the adilition r€action by aondluotbg

It in apf.ral ooppor reaotors. The short resialenoe tLme of ths

rsacta¡ta withln the ¡reaetor permLtted. tenperaturea of up to

16OoC. The proctuots a.no nainly otralght ohai¿ trtaLþlalurnlnir¡ns

with onlr aborut l-tfá branoheð trialiqrlaluni¡tr¡na proscnt ar

i-rapurd.ty. Natwe$r, the reaotlon ig fa¡ter at the htgher

tenperetr:re e¡¡è tlre r¿te oornparga sell rlth nan¡r lorg eatabU.shod

teohnical preoeóD€Br

PerrXr ana ory6 fcroeê the reactlon betncèn trietl¡r1-

ahui¡iun encl 1-ootene beyonrt the stagel d regotion (r) above.

nt ueohenlcm wês e¡tabllahecl. fron the protluota Litcrtlfied.. The

nixbure çorrésponclcrt t o 1.2 moLes of ootene per etþl grorp antl

was allowed. to reeot r¡nclæ a,fgon at tenperetr¡¡¡ee rangtns fro

1l*5o to 19oo0. Snong th,e profucta rverc 2-etþ1-1-oetene a¡tL

2-he:ryI-l-clåoono, cøpounds nentioncÉL onþ brief,ly i.n ùhe

llterature to that tine and. for whloh no rEllabte ¡ùrysloal

oonstsnts were erellgble. The fo¡ter of thege prothrotl rras

uncqr.rivocalJ¡r oodi¡¡oecl by carbcr arÀ hydragen rnaþrls,
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o4ygtooplÊ nolooul"e¡ roltht moôtt.Eøûtnt¡ aatl ÏeB. lpcetrolootflr

[hi.r proùuot L¡ to bc ocpeotcaL fÉon t]ro ¡ohono d ¡rorotlo¡¡

(Z) anè (l). HoæycDr b ailititfon they f,ornè thc 2-hoqrl-1-dtoÇn .

Bhttr dadluocdl rsaotion roherne, to øtplatn thc profuot Ígolstcil

Lr aa follorr¡:

AI-CH'-CH, + CgEfg = .alpc-c-c-c
I
tJ

6

ît cgHi6

.41-If + 2-cthyl-1-ooteæAl-CgHlZ

il cdrg

collr e 1
ia/

\or_, t{tt A1-I-I + ,rrrr2

2-¡q¡ry]-1-(lco¡ng.

lhlc uælun!,¡n he¡ roeent{¡r been eodj.¡øod.7 A6eln,

trtcttgrlal.uni.nlr¡u andt n-1-ootmc çc¡e ¡¡l¡cdl¡ thr naotton pusluô

to hieh oonvr¡ralonc anat thc prodhtot¡ ørtrestril anil ldlætlff.cdl.

Ttr¡r rero 8-etþl-1-ocrtene, E bo¡ardlfotnt, n-ootyl-r

?-et\ylso tyl-, andl he¡rail¡eyl-altmlnltu o o¡lounilr .

PrsvLou¡ Klnctto StuiU.cc

[þ6 ¡6hrnt¡n of, thE erlilÍtiqr reactl,sa ra.r ftrct ettoptodl
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by Zf.eglær8 who rü.eor¡sse¿ ths qrrootlon wl¡thsr r¡eotlor¡s of

trialþfr,hrnlnXunc involvE the ttLuortc apcolas or aliseool¿totl

noIDn6tr

(À1ant6) ê z(Au¡tr)
\t?

Reeotl,on
¡

Tho probl.en weg brttf\y t¡veEtfgateô by Ziqle enô SIlr9 uaf,ng

kl¡cttc nÊasurcmcatl. Thoy founù t'he rate of, cttrylcnø abacor¡úl.on

per alud.nl.uu etø l¡oreeEedl when thc cl.t¡¡ûlnluo t¡tl^al¡Vl eol¡¡tLou

w¿s aÊIuteil rtth lnæt tr¡rdrooarbon solvqrta. Bho reactLon

oondtitLon¡ wêro artanged. suoh tbet tJra dH.rplaccncrrt reastLon

6ivfag 2-butene rraE ruppreeserl arrd on\y tl¡c ¡dld,itton roeetioa

wao preaent.

Â{cab) j * az\r4 4 ¡rçcrnu)a.cr*Hg

the ratio d ebrøptim rates f,ø 1M e¡ê O.O1M solutlon d

trløbhylalrnl¡ltn rra! approx5uateþ 1O. Houc¡ thc rote of

abcor'¡Êf.on pcr nole of, tr:LethylalunCrrtun dil.nEr wcr prqporttor¡¡l,

to the lqu¿ro root of Ltl oonoontratlcnc Thc dl¡r.ta lnpltea that

the nononcna of tÉelfçfX.alunj-afu¡ns â¡Ç thc rceottvo apooicg l¡

tho aðditlon neehenls aooordü.ng to

dzEt6 2 AlEt
1

I(-
(1

:=

ffi, * c2r1* 5 Etzalc2Hr[.Et
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fi'ì 1

and Rete = Kd" kfarzËt.]=icanhl = i(f n roinio/t+l

when KU is euell.

CaI = totel cqroentratim of al.lryl Ín grau etøe of aluniniun

per nolo.

Netta "t "1.10 
measured- both the rate of etÌ¡r1ene

oonatuption and the rate of prodtut fo¡u¿tion in aolutions

of trielþrlaluninlt¡n. They founcl the rate of ett¡ylene absorptl.on

to be proportio.el to Nthe nn¡nben d noþs of alumtr¡it¡n aüyl
preoentrr ancl to the eor¡oentration of cth,.yleno in the ltErið

phase. .¿l¡rrhenius pararnetene werË oalot¡Latetl frø rate carutalltÊ

for the growth reactlon, ttre energr of aativation being 21.J

kcalr/no1e. Howcvor¡ they tlid, not oo¡¡sldle the assocíetion

equlllbria of trtalþlalu'nintuns ar¡cl the ob¡err¡ed. aotivatlon

€ùrægy oø¡taine no oorrectlon for tte heet of ;t{nor digsocia,tLon

prion to reaotJ.on ea a monoüerlc rpcoieo. Iheir tneat¡nent of

results lnpl;les thet the reection f¡volves the protbtsif¡snt illrnæl,o

speoies aacl their flrct ord.er tlopendencc on CO, rupporta thLs.

The pre-exponautial fector oaloul,atetl frm Nettera reeuftE rea

108llt""o per nol.e eeo¡ oaloul.atad fron acoqrdl edlcr ratc

oo¡rstants, fJ.rot orclor in trtet'hyl¿l¡nLuiun ancl cthylsne. the

inplloation that the dti¡nølc apeef.ea lc aotive tn thß etltlftloa

reaotlon la contrarSr to the ki¡etlo rehenc of ZLegbr et aL.

Thla laaoa¡slsteney pron¡rbett /ll'lleon et a1.11 to ræexa¡oina
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the rea,otlon kinetios. 'Ilie reple,cenent of ethylene by a higbæ

olefin honologue n-1-hexene, eJlowocl a øtucly of the llE:íd

phase kl¡eticE at slower rates and avolcletl a¡¡y errors eseociatedl

wlth the teohnlque of, gas abso4ptlør. Briefþ, theír Éperlnental

teohnique requlrecl the f illing of reaction tubes with lc¡own

soneentrations of trietl:y1alwrfn!:m anci 1-horene, heatlng the

oa.nples for a desi¡ed ti-ne priod., hydro\ysing the reaction

¡nLxtr¡re, extracting the productsr anù determlning the ooncentratíon

of proôrrct 2-ethy1-1-hsxe¡re f olmed" by gas-J,1E¡td partition

chrønato6ra¡ùqr. The rate rras mee.sured. in tersre of proðuot yielil.

with respeot to tine rather tha¡¡ resetent oonsumption. [he

ord.er wlth r^espeçt to trietÌ5rLelunf¡tun was determlnecl from a

plot of produot (Z-et¡yf-1-hexene) ytclrt versus irtltial triettryrl-

atunlníun Oonoentratlon. Second. ord.g 1ntcgratccl rate equetionat

fi¡st orrlar wlth rospêot to both rGs,stcntc were atraight l1ne¡

passing t*irough the origÍn. The klneti¡ evidsroe lncl'ioeto¡ the

drner pertlcipatcs l¡r the actd.ltion reaction and ae it fg the

dmlnetlrg specLas tn the U.qutô phaae, lt ðeto¡ml¡res thc klr¡etlc

equat!.on. Aa sbateil by the ar¡thors, the preoíeion of, their reaults

did. not pcmit tÉstinotlm bettiveø¡ a nechanl.em of sole ðfn€r

partfoipatlon endl a nechanle¡n 1n whJ.oh ði'ner snd. monoucr reaat ln

paralJ.el. Thqr also conoedeð thaÈ nethoit¡ of gec absorptíon nerc

probebþ ¡agre acot¡rate than thelr rats of procilrot fo¡matlon
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measursments¡ the evid.ence for rlimer participatlon 1s kinetlc a,EA

ís substantiatedl by a¡r tnprobable valus of the pre-e*ponentia].

factor, calculateil on e nonomer onì-y basls. The Jl factcrr for

dfner parüicipetion was a oreclible value wlthin the range of

bjmolecular assoolation ¡eactions. Theae ¿lr¡*renlus paremeters

ðepenil on values of KU ertrapolateil frorn Laubengeyar ancl

Gllüant"l2 d"t.. ft now seens S.ikely that thfe data was

mlsinterpreted[.

fhe st11l conflict{n6 evlrleoroe and the l¡accureoy of the

abwe results prønpteit lïay et uJrl1 to re-examine the kfnøtlos,

by gas aboorption a¡rd cttlatcmsbryo The systens oraninecl wsre

triethyLah¡nlnÍ¡n with 1-propene, 1-bt¡tener 1-penteure and

1-hexeno. The gas absonptf.ørc were followedl by the rate of

vohrme (loorease of the slkene over a solutíon of tr{etl5rI-

atr:ninlr:¡¡ 1n ôecali.n, but only to Jfi aonversions, to limlt any

si¿le reaotions. Å dllatomstric stu{y was eurployecl with 1-hexene

where the low vapour pressure at room tenperature rencleredl the

gaseous absorptl"on nethod. fnseursitlve. The æenall roaotÍon

rateer Deasur€cl by volune contractlon¡ were ctanclarùl-secl by

product (2-ethyl-1-hexene) anaþs1s uslng Eas ohrcma,tography,

Utiüsllg the same procedure es befæe, they fcnrnd.égjþ!¡-gg,r

that the lrrltial rates were proportionaÌ to the squsre root of

the total aluminitm corrcontrat i.on:
a

l.s. Rcsotlon Rete o(C2-
Â1
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the Aghcnluo psranstæa obtal¡Eð fron a¡r lnte6rrtadl rato cquatl.ont

f t¡at orilc'r L¡r l-aJJrene coroentrEtlqr and ha-If ordler ln tllner,

rcro oorreotcd f en the heat of d.Lner dll¡sool.atLon prlor to the

addtitlou ctep. AHU wes eleo oalor¡latedl ft.on tl¡ Yetrþìrr Prestnro

iteta of Laubengayor aDiL GlltLe.n'î2 ìlæe reocatlü, Hay, llooper andl

notUl4 have re-ffianfu¡edt the {tisaool-atloa of, the triettrylalfl¡ût¡Íl¡n

clLner, uaf.ng vatr)ot¡Jf clensis ancL ¡xeostrri¡t EeasqlEmnte ln the

teurperaturs ¡on66 @-1z0oc. fhefr ocperirnentel teohnl.que appcercil

moro eatirf,aotory tlra¡¡ thet of f¡arber¡gayer anci ÊilLl€Er althogh thrlr

resr¡ltE were ln 6ooil a6reqncnt.

Itqult!.brtrrn oonctantE with retpåót to preaaure, Kpr luere

d.erívadl. andl aalor¡J.eteil from the vapour PrÉrlßurs mËasr.uementg.

The corrospondir¡g rtlsaooietion cor¡stanta serE thon oaloulateû entl

ueeð to ilctetlne the .¿t¡rhenius parancùers for l¡he adlclitfon

¡cectlqr betwecn trfctlryLaluni¡lir¡n and. e renge ef 1-¿lkenêsr

There wag llttte dlJfferencc bøbwcen the "Anrheniua parerneterst

octreeteil. f æ äLnæ dlesoolstj,on, usin6 lraubenga¡rer a¡¡ð GLllia¡uta

d¿ta and thelr own vs,pour pressuro d¿te.
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1-e.lJ<ene Á,otivation :nerey Pre-exponential Faotor

1-pro¡iene 15.7 ! z.o 15.L i 0.8 195'6-7'2 1g5',Q-6'o

'l-butene 16.7 ! z.o 16.4 j o.B ,o6'0'7'6 1o5'3'6'3

1-penterre 19.o ! 2.O t8.4 I o.B 1O7'1'8'7 106'5-7'3

'l-hexene iB.B I 1 .o 18.2 j 1 .o 1g7 '3-8'9 'ro6'5-7 '5

'þ from rate constar¡te for the adlclitfon rceotlon, corrected, using
laubenga¡rer and- Gllliu¡nr s deta.

r'*¿ from rate oonstants, co¡reotetl þ their owre (ney et aI.) data.

CritSolan of P¡sviour If,forts

Gas abeorption ¡nethodg êre euspeotedl on ercperi.nental grouncb

beca,uge of hen,ùrir{B srrorg. 'Ihe natE of reaotion ney be a

ft¡nction of tbe swfaoe aree ar¡d. oertainly rlepends on the rate

of stlnlng. Ziegler studied the arlðitfon reoction et orio

tenpereture onþ ancl. reporüed. no .¡lncheaiua paraneters.

Natta st a1., although estimatin6 ilrrhenluo paranetgs

for the alkene ebaorptlon, üð not take into aocount the prior

diasoofatiqr of cliner to mononor.

¡l1lleon et a-1. inftielly uaecl aanplln8 ¡neùhotlc ctr atudyJ¡g

the kinetios of ad.tlittor¡¡ Howwer, nethodls ín rhinh the reaotant

deoay 1s f oiloworl oontl.nuouslyr lg gÍtun are alweye prefemed. to

aempllng nethocLs. This is on¡ùresiserl i¡ ùnpcrrtanoa 1n cxanpleo

where reaotants ere very sensltlve to etnoaprerlo oontaruinetion

e.g. triallylaluiinlums. Qua¡titatXve ortreotLon of proiluots

f,rcnn a reaotion uirture muet ¿lleo be ¿ dlffloult prooedlwe ancl

coulil expLaln tbs t¡r¿oouraoy tn.û,llLgoarc fe¡ultc. The pre-
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ðrponeÍüiaL factor which eppearecl to rule out e mononer nocÌ¡¿¡rl,g

was basecL on a¡r inoorroct estf.nate of the heet of d.tmg

dissociation fro¡n Iraubengqyers d¿ta. Overell, ttre rate

døte¡ulnedl by prochnt f o¡metlqr 1c reraterl to tbet dctcutnedL by

reactant ooræunptlon þ the etofchloætrlo ooeffioionts. I{o

d,J-sorepanoy ehourd. ariee frcn thle squrce ff the stoiohLonetrf¡

equetion L e eo¡reot\r dteüerttncô.

Hay et aI. havo renrætecl to the <tireot teohnlquos d gar

absæptfon antl dllatøetry. Dål¿tonctry fa a tfbrinrlr ngùhodl

a¡rê oe¡l be nl.slearling u¡¡J'ege tt¡o neeotlon J,s ooupletcJ¡r

che¡aetcrisedl. Fæ effectine d;t1etmetry, e contraotion in
reaotlon voh¡¡ne or rleereasE 1n the rn¡nbæ d noleou.t¡s f,rm

reacta¡rts to ¡nocÞota, is required.. Although ¿ flrn&nent¡I

teehnique ln poþnerisatlm reastions rhere there ia e 1ergc

redr¡ctÍø¡ in free morecules (noræncs) to fom poþmers, ùrlatonatrxr

nust be t¡'eatetl ynith oautíon when applledt tq the roeotion bøtrocn

trialqyla}¡nl¡ltus end. hlghæ I -a,lkane¡.

Sche¡natloally the r¡oohaniø ls¡

R ./Êt+ )q.Il¡;t C=C ( ijtZ.trl-C-f;-IÈt iùtZrrlH +5

1'l
:L

EtzAlH + c=C (etY
4

andl poaolbþ at h!6h oonvcrsion,

R
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r,rto,''1-¿-¿-n *)c=c(Rz tl ,/
.T¿
i¡ l¡

tttl
2"{1-?-1-1-1-

RR

ï,hen ccmsidleredl as e combl¡etion of addition reaoticn (e,), hydrids

el-fmínation (p) and trydrícle adclltion (f) ¡ the neobar¡isr ðecreares

Ín nolecule nr¡mbor frm f'or¡r to three. Represented. above,

dílatmetry woulcl. depentL on the rate of reection T relatlve to

the eddition rate (o) ancJ. on the }ifetlne of, the adduct (iu

braclcets and. ehowrl later to be a transient speclea) . lthe ¡nethotl

would also depend. on the steto cf association of all the eJ.lq¡l

species presont. Trl-n-alJqrl¿lu¡ninir¡¡ro e.ro kno¡vr¡ to be dtrnerio

and, di-alJrJr1alumlnh¡m þdriðeo f,æm trLners. ïineJ.J¡r, the

A¡rhoníus paraneters ênB eo¡reoted. wíth ¿ Atla value oalculatect f!ø
vapour pressure rleta ln the gaaeoo, ¡ùr""".12 Thís vepour presdu$a

rl¿ta is inapplioable to lÈqriè phase rceotior¡s. I'le elso bel:leve

that rnetliocle used to estl$ate equilibrir:n oonstents fro
Laubengayer e¡d GILIÍsLnrs re1¡r data ctopenrl on unJusti.fiedL

assumptions conoerni4g the ruy in whíoh ths noacurements were

urade ( see Chapter IV) .

$eleotion of e KLnetio Ieofutidue

The lndeclsion swro.rn&ing nonomer or dJ¡ner parbloipetion

in the adrlitíon sbep of a gronbh neohani$n pruptect a re-lnveatlgatlon

of this problem. To exploze the unoertafnty fuIIJr, we rlssiredl e
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¡rethodL of stu$ring the reeotion thet wouLcl be (lsvolð of aLL

tn¿eou¡eoieo sncou¡tterecl by prtuious rrorkersr The nost auÍteble

technique io proton na€netío resor¡EJ¡oe spectrogoopyô The n.n.r.

tube itself car¡ be useil es the rêaotor e¡rtl- the reeotion can be

followed without wlthdrawing ramples ancl the int¡erent etrora thereby

introðucerl are eUminated. It is a dJreot method. proviiling easy

and. sinulta¡eoug neesunement of neacta$t deoey anð procÞot

f o¡matl-on by íntegrated ¡mak areeË whloh sre propo¡tionel to

the ooræentratlon of the opecieo they oharacterfge. In a

sj.nílar fastr-ion, one oan neasure Ê:6r neaotlon i.ntenrediate whlch

sttaine a reesonable ooncentratÍon. lthe nethod. irßorporates ttra

use of hfuh vaauun oonditionsr Reactants oa.r¡ bo coalsdL ln n.n.tr.

tubea and therdare conôitions of ¡naxlmun pwtty oan be obtal¡eô

as the tubes ren&ln gealed. throWhout all ¡neaetrementg. Conplete

control of the reaotion j.e ne;lntainecl et all t1¡nes. lhe sanplc

tube as a whole can be rsrcTed. frq the heatircg neclit¡n a¡¡tl

themally quenohe d. to otop tha reaction wher'e a reacling is to

be tal<en. It alco enabloo the reactíon to b¡ f olloncil uetng snell

rEaotsJct conocntratLonso

the natn rliaedVentage of the p.m.r. method llas tn the tlnc

requlred to obtal¡ enough sarnplee (uauel\r eJght for a partlouJ.ar

ki¡etlo run) under vs,ouum ln r¡.m.r. tubes; tbe pr'eparation of

glassware, clispeneing veoscle, caLlbratcdl break¡ea1s ancl the
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purtfloation cf a$rI, 1-alkene enel. aolventa f,or vêsrruE

d,teùlJ.lation. "At flr¡t Btgbtr the errors ¡s¡oofatcel wfth a

prnrrr nsthod. arc dlLa¡renaing errors that are alwaya Bresant

whon opercting undlcr high voouun (e.g. an cmor la dlsttJ.ltng

or tfppång to or f,rm oaübrated. vcasola) an lnstrunent error,

in thia oase al lntqratton error wlrioh 1o guotciL ." t gÍ og

thø lntegrated. pêak erea. and. may be lerger in poorþ resolved.

peake.

The ôisa(þantager o&n be sumarlsEdl aa pre-oxperlnental

lncon¡enLenoe e¡rcl efrors thet n'ilI norma\1t be Less then thosc

enoou¡rterotl. by nost kfnetto method¡ (qeept dlllstonEtry, whcro

the rneasurenent l¡ prcolse, but thp reletfsn of thÊ neaaurencut

to the rete lc opea to anbfuufty).

ïfc omel.dEretl ecþentagoa to ouürclgh dll¡sdlvantagoa eniL

gelsotetl pitnorr epeotroaoo!$¡ es the klnetfo teohn!.que.
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ü.I.[f'IXR, II - PRJI],ßÍ}T4RY Ð(PI'RII,MIüIS

Introdluctlqr

-

The cørjeoture artsfug out d the work of pnevfous authors

revolves arounil the true fderrtity of the trta,lJqy1eluntnJ.um epeciee

reoponelble f or the actd.ltlon step wlth 1-elkenee. Speotfloe,$r,

we requlre the orile of, æaotlon wlth respect to trfcttgrl-

aLuri¡ri-r¡n qntt knowlr¡E thls, the conreot næhenisn of, the reaotion

wlth its ðdinitivo reection poranetcs.

fbe add.itLon step oe¡¡ be i^uf.tially representeil. a¡

ÃLzßt6 lllr=-.CH-R ^rC-R1lCH

+ CH,ECÏTR Bt-Àl 'ëHr-Cfl, Et
1t

2 ÅLrt
1

ti

+

$t

Et

Et(aasume the ¡nononer
r'{Eeots fof oon-

veaience)

[he nogt obvlous atructnlral ohar:ge is the loes of B prqton frc@

the alkene vinyl group wld"oh ie galnedl by tbe aluni¡iun to glve

the proêwt noleoulea clletþL¿luml¡¡$¡n þdrirte anð 2-ett¡yl-1-eoteú.

ïn an anal,ogors fa¡hlon ts the et}Srlene grovrth reactim,, titre ebvc

ecLd,Ítior¡ i.svolveg the J.naertioa cf an ett¡yI group into the vlnyl

aysten of, the 1-Ê,Lkene. ilowever, the ¡roclruü uol¡ou1-ar wefght

fs f,er leaE than the etÌ5r1ene poþrnerfsatlon beoeuee cf eteríe

blocklqg of the p brancheð allgrrarunfurtun orlcluet wt¡ioh prevørtc
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frrther ecld.ltion. The C-2 vínyI proton of the olefln ðr,seppears 1n

the reaetlon en<l thte shoul.ð be easiJy d,eteotetl by p.n.r.

speetroacq>y; Usilg thle nothod. the reto of ootene oonsunpti.on

can be equeted. to the rete of rlisappearence of this single proton.

In p.n.r. terus the octene deoay rate Ls egt¡al to the rate of

ôecrease in peak area ck¡aracterlsbio of this proton or to tt¡o

integratert Beak atr€a.

linother precLioteê structura.l clrange La a rcsult of the

ohange i¡ environ¡sent cf the te¡mins,I vány1 (CHr=¡ protons.

rLlthough theee ¡rotons renaln statlo i¡ ntmber thrcu6hout üoe

arlditåon, thelr rra6netic envÈror¡nent doee char6e. rt ooupretrenalw

desorlptlçn of this offeet on the prm.r. structure of 1-allcenl¡

íe includårl ln a Baper by Bothner-By ancl, Nas¡-colln.l5 Bnieftüt

wlthfn the reeetant 1-ootore there 1a a nagnetlc es¡rmetry la

the vÍ4y1 grorp; the two te¡mi¡al probone ara not prrtrrr

equivalent end. the reemlt ie o colcplec triplet signal pattwr.

*r* Hr *r*

*5H-t

./
t] 

-f.

9-V

\

= n heocyl

= etl{fI

R
l+

frz
-5

reaote¡¡t olefLn product oloftn

In the ¡rrotlræt olofinri¡aerüion of the bu]&ier grqrp R5 fu pleoo

of, the ¡roton H, pnodræeg a sl..nilar nagnotio flclü eround' eect¡ of

the tcrnlnal ¡rotonr enù thô envl¡or¡ncnt¡ læ uor dlcacrd.bccl es
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na€nçticelly equlvalent. Thus they resonete et the sano appliecl

fleld. frequeney arrcl thelr chenlcal- shlfts are ldlentLeel. Tbe

llterature16'17 shons thls equivaLent terminel Broup s5gnal as

a posoiblê prmrfr sirrg3et peak at l¡./ p.p.mr¡ Betrê 0.01 p.p.m.

upfielC. frcur the end. of the non-equivalent te¡ml-nal Cl{r.. s3*ttotu.

In total thrso structural and magnotÍc enÌ¡íronnental eha.r¡ger

provLd.e three nethods of obse¡ring the r€actlon by p.u.r.

olnctrosoopyr the r¿te of ttÍsappe&rûrlee of the reå.ctant vSryl

te¡minaI (Clta=¡ pattern wlth tíure; the rate of ðÌoap¡narence

of the nultiplet slgnal, cf the vtAyl (-ç=) proton wÍth tine; the
}I

rate of foruetion of the product viayl terminal ( CHe=) stngløt

pattern.

Frorr urperienge, the latter two nethorls rere rejected. ín

praotioe except when the f enatlon rate wes uaod eB a stoiohionetrl.o

cheok. 'Ihe nethod of recordJlg rete of dlgappearance of the eir¡glc

proton, lnvolves csüeid.æeble ertor beoause of the cmplexity

of the uultiplet pattorn. Î.t was tlifficult to ôetenurine the stâ.rü

and. fir¡1sh of thÍs abaorption a¡¡d errgra fn fntegrated. peek a¡seð

would be exaggerated. The prodræt f o¡matlon Bethod. was iJ¡s,courats

at ånitial sorffêr¡ione beoawe of the snelL slze of the proiluot

peak. Jrgaln i-ntgretioÐ errors wot¡Lil bc coneidereble. Thls methoil

only eppears Eultable when neasurfig at larger reaotion ti-nes a¡ril

extrapoleti4g s. 1og concentration vergus tfoe plot to cero tlne,
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f.e. üefutg crtrapoLatcdl oonoe$tratlons at sall oonvarslons

lnstcadt of ettcnpttng to üeeEutro thcm.

fhc conosrtratLon of ootEne at a¡ly tl¡rc t by thc aooeptedl

nEtbod. 1o

( trn^=) *=t

-6-
(rss1¡¿) ¡=¡

x [ootrno]t=o . þcrutm]n-*

ÍCEr= lo the fntcgratecl peak arca of the vXnyl CHr= t¡¿t1"¿t

ISUIV, Ls the f.ntegratcdl peak areo of tb b¡r¡scno clnglst'

Íhe cx¡rlanation of thie ratlo rel¿tlonehlp 1s ¿¡ follow¡:

the lntornel a¡ð qxternal oondlLtl.mc qf nn rtrlrrro tpætrmctæ

oån ohar¡te fro day to ila.y arrd tntqfalr of e p$tloulrr pcak

ncedl not be the ca,nÊ at ciff;îæc¡rt mcü¡rcuørt tfnc¡. Fotr thls roê¡on

ancl beoar¡se wo nore neaarring a ¡lsoreegLng lntegrelr lt ras neccgærJr

to ua¡ bonscnc at a¡¡ tntegral conata¡rt. ALI oonorr¡tratfons of

1-ootonc çero meesuneil relativo to thl¡ omet¡nt Þs¡scnc

conocntratlon.

Purùf loatlon of Mat¡rLa.l.s

(") lblethvtålüd.nfi¡p

Bulk aarplot wcnt obtalnoct l¡ lætt¡rc bqÈtleo fbø ths ftttyl

trÐ

t{
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Corporatlon, New York. fhe alìqyl 1s stored fn the cyllnder

under ê posltfvo trresÈurs of nLtrogen.

The prevlousþ accepted- nethods of hancl]{r'6 the a1þl

Trere either Ìrlthln a nitrqgen dry box or by dlo¡rensation from

an lgrpoðerrric syrJ.rge. Dry bøc teohnS.gues êr€ Buloepbible to

lmpur{.ty fo¡natlou because of the nitrqen d:ryfng methotls.

Syrfn6es are also prone to oontcm{natfon baoawç of the

tm¡torslblllty of obtalnlng a conpJ.etety alrtight ¡eal. In brief,
both methoùs s.re wlnerabl-e to the neactlon cf rnol-sture anð

orqygen trecec wfth the a1Jqr1, forning dlettrylalumlnir¡¡n ethoxide antt

þdroxirle. The rosultir¡g sanBle fs Lnpr.re beforc argr accurate

measwlgment haa oonnenoed,.

The fornetlon d ü.etlr;ylaluninlun Wdrièe oocurs ln sna,Il

amounts ln the synthesLs of trtot}qrla}.uir¡!¡n. Ar5r pr:rÍfication

mettroð we nlght oonsid,er harl. to ensìire renoyal of the Ì,ydrlð.t

and. prevent f onnatlon of the ory-iruprlties. Usô of hlsh puriþ

nitrcgen clurtng the ræoval. of the elgrl frø the bulk cor¡teLner

and. Ìtlgh vêouum condltj-ons plus a dtistllloti.on atep ln the

subaequent purlf foatLqr ehould e]{mfn^atc the ínpurJ.tiec.

The dry orygcn fr.ee r¡Ltrqgenilas obtel.ncdt (ace Fig. 1) ty
bubbli$g C.I.G. nítrqen (o:çr-free) tÀror¡gh a ooncentratect

sulphurio acicl solutiorr, oLllca gel oolr.¡m¡¡s ar¡ð a solutLon of

trletl¡ylalr¡¡rlnlr¡n fn toluene. fhe nitrogen atrea,n then pesaedl
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throu6h a l;¡.Euict nl-trogen trap to rønove sny toluene ve,pours,

anrl ftnaQr lnto the purif icatiou vessel.

The vacr¡lm lj.ne was cou4)osed. of an ,tdwa¡ilg sÍngle-otage

rotary ofl pump (as a backing gürp) coupled, to e three-atage

nercury d.iffusion punp ancl the¡r to tha ¡nqnff oIô anil tal,æ-of,f e.

l.,iquid nitrogon traps were present on the nanlf old. antl botween

each pr:np. Theee wera ån eeeentiel pa^rt of the veor¡rn lJne for
thelr asslstenco to the punps is obtainlng the reqrrir.ecl vaeue

anil for their prevontLon of dLffl¡sion of mercwär vapour anù othcr

conta.nlnanto, either rrbqckn lnto the na¡¡ifolcl or rrf o¡ryarcln i¡rto

the oil prxrp. 'Ihe vaouum pr€ÐÊufe was me&surocl by the

oonblnatlon of nn 8iùre¡rcls Flranl geuge entl. a Pirer¡j. 6C-Z gauge

he¿cl.

The a\rt ¡urffication apparetus (fi6. e) consietg of a

supported lectu¡e bottle corurectedl vl¿ a control unLt and poþthene

tubfng to ¿ reooivtr€ yoesel; thie in ù*rn being connectecl to a

d.J.sBensing veEcel wlth ¡ixbeEr¡ b¡reaksoal¡ ettachecl.

The wt¡ole aysten wae irrttlalJy purgEct nlth dr¡r o:ry-fyEs

nitrgen for about ten s¡iÍu¡teso The gaE ras e(hlttecl vLa the tap

lnclioate¿l fn the tliagra.n ånd out thror.6h the nano¡aeter reeclvoi¡.

The N, t¡û¡.et téB was cl.oaec!. a^nd. ths epperetuc evaouatsê to a

pressurÉ of, < 1O-4 to¡r. Ttrís Br:rgtng a.od evepuatiqn proceôure

wao repeeteô twioe untJ-l the fin¿l situatlon Fa.s a pure Bitrogen
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êtnospherê rèmaini¡g withiJt the apparatus. Thie preasure wea thal

slfuhtly reduc€dl to f,eoilltate the flow of the altçrl frcn the

].ecturs bottle, T,¡tth bo'üh the N, fnlet and rnanif oltl taps closeilt

the trlettrylølr.untnlum was alLowecl to slowþ trLekle lnto the

recèivlr¡g vereel. Çeref,u1 nanlpulation of the co¡rtrol nut andl

valve rvar r.Ércj[fretl ln ordor that the volune of elþr1 ctis¡nnsedl. itdi

not ercoeed two thtrd! of the total bulb volrrne of the recelvLrg

vesBel (a preoeutl.o¿ neeoesary for the ctqassir€ procedtne to

f ollow). The eJ.lryl res frozen withln the bulb by ltquid' nitrogent

the constrfctlon bel-ow the inlot tap seal-ecl off end. the leoturc

bottle and. ðe}lver¡r tube removeð for cleanlng and. storage.

îhe apparatus conte.lning the now froEen aIþI ûas pr¡mPêd

out to a prçesure cf E 1o-L torr and. then thawetl. wLth e wa:rr

heptane bath. Degasslng was repeated. twioe untll a 6ooü vacuum

was pr€sent to enable an dficient d.istlIl¿tion. 'Ihe cligtfllatlon

of tha aIþI was initlatedl. by externa[y heatfng the raooj'ver bulb

wíth bolllng heptaræ vâpoüre The oonbl,natfon of tenperrature andl

reiü.roeil prassure foroedl the altçrì. to bol.l, the vapoura pessircg

up a.nri eut of the reociyer, enè dlom a slå¡¡teil oonnaoting tubc to

the cllsperæ1ng veeðeI. CoolLng the tË,sptnser rlth ltqrttt nl.trogen

assÍetedL the itistlllation. The oonnEctJrrg tube was ala¡rteô. to

enaure that ary pr{.or oonitensete flmoil lnto the dltspensfirg vessel

(pertloularly frcm the oo¡rstriotíon r"eglon). The rtlEtltlation wa¡
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stopped. when at least BQ, of the ùistll-Iate had boen collected.

ar¡d the resiðuo sterted. to oolor¡r (yellowiah-brown). Both the

regldue a¡d ùiôtiJ.late vessels rrere flozen with liqttid. nitrogen

i:nð purnped. out to g 1O-4 tom. The cllspensing vessel was gee,Ieô

off whi"Io punpt4¡; tiÞ efryl thawedl. and tlppert l¡¡to the sfuúeea

breekseaJ.¡ whioh were all sealed. oflî l¡r tr.¡rn and. atored. in

ve¡¡nÍsu1ite. The resiôre renaining j¡¡ the receiver was d.eaotlvatecl

by clistÍlling in heptale f,rom an external Bou¡roê and then outt{ñg

thls vessel e¡¡cl itE contents fro¡n the nanifold.o îhe heptarre

oqnteins trases o,:f d,issçlvecl orygon and. water rvhl.oh allow the

oq¡trolled oÉcl¿tion and hyùolysis of, s¡¿Jr resådual allqfl.

tseceuse of íts pyrophoric nature ar¡ô for the seke of purCty, the

tri.ethylaltrrriniuo was alwqys Ì¡anðled oarefulþ wítbLn breaksesls

w¡ôer lrigh vaourln oonditions. lhe nain dlsaùrantage of the pr:r-

ificetÍon technique wes the ttne fastor, 1.er aBproldnateJ¡r one

¡veekr s work frou gtart io flnish. ¿ m5nor cü.¡adcaJ¡tqge wae the

usualþ ¡rlsrg€rt s,nou¡rt of a-Lltll ler broeksêal¡ Normal]'y, eround

J5.0 ni. of, dLstiLLete was obtained. r,¡hich reEults ln over 2.O ml.

of alJqrl per breakEeal. In general, (oapeolalþ wl,th p.n.r. work)

sualler volunes of elþI nore t.equired and these ware obtalneil

ualng e Nbrea.kd.ow¡¡r vessel lftg. 3). The dtar6eil b¡eaksgs.l wss

Beê16d. on to the t¡nw¡Ic of the vecsel es a sidram. "after punptng

out thie vorsol to e good. va,ouum, it was rercveè fron the nanifol(l
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by seallng off et the eonstriction. The Ílargeff aìIcyl breekstal

wao nrptwed by forclrg a nagnetlo stalnlese steel brøaker

( ecmetl¡nes gl-aes-coate d. steel) onto the needle-llke poJ.nt d the

breakeeal. The alJqrt was al,J.owecl to tlraín lnto the vessel baee aad

the requiroê a¡nount tipped Lnto eaoh oallbratedl breaksea]. The

brealcseals andL contentg wer.e oeal.edl off at the take-oú? constrlction

anil atored fn vemloulite.

(t) Norna1 1-ootene

rrPurunrr gratle (59;i) fron the ¡lId¡llch ChenloaL Co. U.S.A.

The oLefln we,s firEt drled. over calctun frydrlde for twenty

fsur houfg and- then trlpþ ðegassed. on the vacuum ltne. The

materLaL was dlstl]-lod fn bulk under re&¡ceil proõsuro on tt¡e vacuun

llne e.r¡d a nidd]-e eut fraction r"etdined. f q frrbher use.

Before userthe olefln was tostecl for purlty (as wæe all
other s."npoDe$bc of kf.netic rnåctwea) ty Gae Chrcmatogra¡ù5r.

The oo}¡¡nn mate¡'LaL wes composetl of, a Ëgu1cl phese of elllcone

D.ç. 5W and, a au¡porÈ of, chrmosæb Tl, acld.waahcd, 6/æ meshød.

'l'lrte naterlal rae purchaced ¡repeoketl nLth 5/" li.gtd. phase on the

cuppozt. The oolr.¡mn itgelf wao q trrelve fost by one quarter Jrroh

alunlnlun alloy tube, tw¡rprl ínto a coil, pc¡ne twelve incheg l¡
height by f orr LncÌrøs ln ilíe^neter. lhe lqwer entl ras partlelþ

blooked. by a otolnlecs steol si¡tered. diso oLanpecl lnto position.
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lhe coh.¡¡nn coLl was carefulþ f itleit by slowþ pouring the coÌ¡na

uaterlal lnto the top end., applyln6 stea$r suction fron a punp

oonr¡ected to the lower end. o¡rd matntainlng a Eteery tappln6 of thc

col¡¡n¡r to engurc tfght peoklng. 0nce fiILðö, ttr top of the colr¡¡o¡r

tas seaLed. with enother ste.tnless steel sfntered. cliso a¡rd thø

Locked. J.nto position l-n a Porkj¡r Elner Vapotn Fraotcmeter (¡toðeL

151+), ilBektrytr of, the colurn¡r ln thie poaltion for twenty f,our

hor¡rs at 1350ç e1lml¡ratedl ary prJoary ilblcecltngtr of the coLum¡

d.wlng subeeqtrent operatione.

senplee of .å,Idrlch 1-ootene were adnittEdl. to ùha colt¡nn

ln five nforoLftre volumea from a HaAtlton ¡¡lorolltrer gse tight

a¡mÍnge. The col¡m¡¡ temperatwe employed for anaþsLs wag 125oC

wíth a hydrqen ca¡rrier gas pressure of fLve pounÕs per sq¡are lnch.

The resultlrg ohrcuatogrens showed an Jmpuriþr oontont of

approrinate\y 0.[!í.

(c) Benu ene

Unívar n.A,nel¿rrr Grade - ÅJeJ( Chøi.oa1 Co.

Ehis soLvent wes tnttieJ-\y ttrlotl ovæ Eotllün rrlre, cleEassefl

andl &lsttllecl ou the vaor¡r¡n ll¡re wlth a nldldle out frection reteinÊdl

f or fr¡rthar cperf:nent. BecEuse of the itc,nger of e banzene-watcn

azeotrope ln accurate work (parbfcularþ nlth al.r¡ulniu¡r alþls) o the

retainoô fraotion was used ss a solvent ln the pol¡meri¡ation of

rtSfcnc þr n*butyllltbir¡n. Tfue bcr¡¡s¡e !e¡ ittctüLcd, rhen
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æqufrêdl, fræ the brl,lüant oraðge ttllvtngtt poþstyrene solutíon.

îhe purlty of this aolvent was always nal¡tal¡eô þy thc llvtng

endl¡ of the polyat¡rrene. these purg6 ar¡r f-urpurLttss ln the

solutf.on and, ln turn, tErmlnate therlr grorfn6 pol¡rmer ends.

ThLa purlty war oo¡¡ffuqecL by g.or analysf c.

( ¿) C.volohexa¡¡e

Mersk nUva,ssl,I apotroaoqrlo grerle.

Thta sol.vènt war drt.eil over oalsåun t¡ydrldts for twaoty four

hourt, dtqgansedl anô dlsttllocl on the veour¡m ltne onto ruore

oalofum t\yd¡1dþ. The oyolohexane we"! storèdl undter vacuun srrd.

ugeil Ìdxen requlredL

( e) Tetre-srethvl Sll¿¡¡e

Flt¡ka t?purtssimumrr grad6.

Thc ampoule oo¡ùal¡pr ros oerafu{y oraoketl and the oontont¡

pourcdl lnto a rouneþbottonEd. f,taak oonteinl¡rg oelnir.rn t1yÈlrlcle.

lhc T.M.S. waa ttqgaoseil and, ùtstlllcð undor vaour¡D onto more oaloLr,ls

hydrf&. Tho hfuh trapour p¡ñrsðl¡¡t at rroon terpcratr¡re nedlc Lt

neocssatïr to ctore the [.M.s. unclgr vaouu¡¡r and. refrl6gatl,on.

pp6 1{ lrrl¡¿nr ErpcrLnenta

Seversl wperLnents we¡tÐ neoossarxr before ombarkÍng on an¡r
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accurate ki¡etic mrrsr .rt preliminary proton na€netLc resonance

orperfurent to chsck ttre preðiotecl structural óher¡g.! betrren

reaotant and product olefí¡; a dllatometrlc lnvestigation of thc reao-

tlon (rate data obtatned. by this technique coulrl posstbþ bo used

to cor¡ffr¡n prnrrr results) ¡ so¡no pre l{rnÍ.naïy profr.¡ot ana\rses

neçegsary to check the meche¡ri$n of the reaction, i¡e. arøþsts

of an hyclroþaetl reaotion mixtwe, entraotfon of prodlucta anct

ldentif ication by 6as ohronatograply ancl ms.ÊE o¡notrmetrÌf ; a

Justification that the nr¡mbæ of moreE of reaota¡¡tg ln the ve¡nrrr

phane 1n a eealed. n.xn.tr. tube ls Ínsfuníf foant when conpared with

the nunber of ¡uo1es iu the li-Erld. ¡ùrose.

I.or tl¡e pred.lotect stnrotural change orperd.nent, the epBaratua

used. fs shown fn Ffu. 4(,,t) ond. wag punpe(l out on the v¿ouum IínE

et a pres$re d < 1o-5 torr for twenty for¡r l¡ours. A snsU

a-nount of, cle6aasecl tetranettryLsilane (f otr use as an rrcru.F¡ 1ook

sÍgnal) waa clietilleê lnto tho base of eeoh rr¡tnorr tube.

.ù¡ryiroxinateþ equal vqlunes of 1-octene w6re tisti].led. fnto

eeoh tube on top of the t.Jr!.ii. The rea¡Þctive vo}¡¡nEs d 1-ooteoe

Ìvere carculatecl fro¡n cathetometer neesurad. hefuhts. Ift¡en the

oontentc of eaoh tubE wer.e re{rosen with tLguirl N2r the vessel

rras pr¡npodl out a¡d sealed. off frcrn the nenif old.. [he elJ{yl

breakseal was s¡asheð end the Ltqrirt allowed. to f,low lrto tlre ves¡el

beee. .tllquoto of alJçyl v¡er"o carefulJy tipped into each tube 1n
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aüiount$ to a¡rproxímoteþ fon¡n 1¡1 anÖ J:1 molar retios of 1-alkene

a¡¡d. trietkgrlalunlnir:n. Both tubos rrere seeled of,f frc¡n ttæ mal¡

veasel a¡¡d the inttlal F.IIrrr. slnctra ¡^ecord.eal at the probe

temperature of 29.OoC. 'ìhe trvo sanplee were then placed- i¡ a tube

furnace oontrollett by a varÍac at lOo.O t 2.OoC f e fifty hor¡rs.

0n ra-m@eüring the spectra after tluls period" there was a merkecL

decrease l¡ the abeorption of the olefin viryf protons and. a,lso

preeent w&E e slnglet peak grovrlng on the upfleld. edge of the

original ¡eaote¡rt (Citr-) triplet. ThiE spootnun effect with tl¡ne

IE ghom in !'ig. 5. No accurate moagurernentg were intend.ed. hene;

only æcperfneutal oo¡tr1¡mation of the preðlctecl etnroturel cbar:ges.

Gor¡fi¡rnotÍon wae evidont fro¡u tte opeatra af Fag, 5 a¡rtl- the d.ata

for enoui.n6 kínetfo n¡ns wilJ, be measured. by the p.m.r. nethods of,

reaotent d.eoqy and prodrrct f o¡matlon ßs outlined. previoue$r.

The tochnigre of d.ilatonotry wes attenpted. to d.etermino

whethæ tt¡¿e ruethod. coufd. provJ,do results whfch wouJ.cl zubetentlate

the p.m.ro rne&Bur€roents. Thæe werÊr howover, several cLlsatlvantagea

corfrqrtí.g euch a teohnåque and these heve el¡ea{y been discussed

tn detail in Chapter ï.

ExperlmentalJ¡r, the heetJag ned.ium rÍaa an oil bath (py"* gXeËs)

C¡çsol preventing the ol1 frorn colouring. Four 2OO watt heatlng

probes l¡ere lu¡nersed. ln the oll antl regulated. by a proporbionsL
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oontrol box, triggered. by e SfcnteJ. F1l¡, 10K oh.u. thernløtcn,

at the endt of e nêta1 probe {runereed 1n the oi.I. fbe beth

tenperrature Ls galnc(t by Hdial}Lngtf the tenperature on the

oalLbretecl oontrol box goa"ler end ¡nef¡¡telncè ty the lansfng

thernlsüe. Tapcu'ature aontrol rrith thls conbl¡¡atlon raE

T j o.o5oc.

The dflatmeterrflllLn6 apparatus (Ehown fn Fig. ¿{g))

was pumpeð out to a 1O-J torr f ø ten hor¡rs. The $prårghan

rrgreasaleeaü tep (a) wee oloeeÇ the alþl seal brokqr and. thc

lf.qufd cbalnedl lnto the bs,ee bulb of the cllletcmcter. Thl.s

û.lhyl wes frozcn wlth liqu+ ¿ N, ancl the ves¡el pr.rnrpedt out to

an acoeptabLo vacuum. \'fith tap (2) closedl. a€ÊiJr¡ n-1-octerre

wee dletf-llett l¡to the graduatect tubing anct flnafly tap (t)

closed., 'Ihe ol,efi¡ wes oårefr:lþ eisti3.led onto the a,llryl in

the illletmeter bage a¡¡dl the ul¡rtrre kcpt froren. llhcn the

corroot\y oallbratEil volr¡me of 1-oetene hail been (Astlllcit ovs

enû greecele¡a tep (2) oloaecl., tb.e ðiLetonsÈer was sealett off

at the eonutrlßtfon aadl the omtents tharccL Tho clllatwcton

rao olanBeil on a pêrsporr fra.re and f¡nenaod ln the hcetl¡g mecliurn.

The eontraotLon was lnltlå,lþ neasuredt wery minute, q¡al es the

rceoti€n progrcÉB€tl, ln perlorls of, s€rrerel nlnutca. Contractlons

wené ¡neêsursú. as dæroese 1n hetght Lnorenents Ah, wlth a

cathetomter a¡rtL ptotterl versus tfuo ( aec FJ.g. 6) . [ho reoultfag
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graph on conversion plot a,ppears to show two ki¡etic phases.

It is curved. l¡rltiel\y and. then the reaotion appeare to reaoh

a steoff state rvith contraotion occìrrri.ng linearþ urith tLue.

Hay, Joneg et al'1J reportecl. the contrectlon at 111-151oC¡

of 1-he¡cene, triethylaLuniaLun mixtures, wae l:lnear with rospecrt

to tine up to about 1ù,1, consr.r:nptLon of 1-hexene. This J.mpll.es a

zero intern¿l ord.er of reactlon wlth respeot to 1-hexene whloh

is not qonsistent with efther proposêd. meoha¡¡lsn. FLg. 6 shows

a typloal our"ve fæ a 1-ootene, trtettqrla1r¡nlnlun nlxtr¡re at

105.0o0, *Ifter ar¡ lnitiat rapid- rate the reaotion settles down

to e steady state wÌ¡toh may be zoro or f iret ord.or. The fuitla,I

rapid. docay psioè appeare to oboy an Lnternal seaoncl orclen

oquatlon rather th^en first orrld. It 1s pooeible that tlte

initÍaL pLrase arisee fron the oonsunptlon of & more reactive

inpurity fn the trietk¡y1alwtnium. Diett¡ylalumlnir¡n hy&icle would.

¡rost lilËeþ be the substarne to accot¡¡rt for this phase ee the AIFH

bond. is nore reactive then the ir1-C bsrd. toward¡ additim r"eactiong.

liowevor our purá.fíecl, and. oareful$r ha¡icllecl trietbylaltrnfnium,

when testort by ¡nodtrct þdroþeJ.e, ohowe¿ no evf denoe of aqr

bydriôe oqntent. It seems nore lfke\y that the apparant oherge

in orclen arices fron the fectora degcribed. 1n chaBter I¡ in

particulqrn !t nEr be a refleOtlon of vo}:me eharges clue to the

different states of essoci¿tÍon of eh¡nlr¡ir¡rn oornpounds proaent as
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r€aotion lntemed.iatôË ln tho earller stagea of feactlon.

Jtlthongh it would perhaps be perniselble to jgnore the

lni-tial (tecay phase, which covers only a relatlvely slight

exbent of neaotion and. use the statlonary state ratea, it ls
fan ¡refe¡rable to etlopt a technique not open to this anbiguf.ty.

ï{ydroþala of tho rsaotlon nixtureg was oa¡.rLect out ln a

po\rthenc Klove-bagrr. The bag Ía.s putg€ô of aLL alr wlth

orygen-frçe nitrqgen for app:rod.nateþ flfüoen ¡¡i.nut€s. irhilË

the nltrqoa flueh was in progrêas, two beakera, one oontafnftqg

ùi¡tilled water antt ttp othEr a porlshed. st&inless gteer broclc,

were plaoetl 1n the bag tqgethæ wfth the reacfi.on tube. The

glone-bag waa sealedl at the aperture, frlìeè wlth nore nltrqen
encl- subsequent manipuletions oarried. out v1a the rrre-entrantrt

e.ntrs fnto the gas atmoslùrere. rrhe reaotim nixture waa renovecl

fro¡n tho trùe by føcibþ cracking it with the stainress ateel

blockr controrlcil hytroJyeis occurred. beoawe of the now wet

nltrogca atnoophere. 0n oonp.etlon of the tydro\yels (f.e.
when all fuming bacL oease$ the aqueors solutLon ï¡as renoved.

frør the 6rove-bag anct the organic prodr:cta erbraoted wlth üryr

ether by conventlonar nËBrra¡ llhe burk of the ather was then

d;igtil.led. frqr the ethenate e¡ltt the regiclue nenaintng wag 1.0 nl.
of rrootene rmelllngn yellow oil.

The øarnple was anal¡reed. on a I'erk5¡-ELner tfodøl BO0 Ges
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Clronatogrephr with a column empos5.tion of 51" Åpiezon Êupportod.

on Chronosorù '\Yr the rrIIoC.eI 800tt ohronatogra¡*r haa ùral

colunns, is tenperature progra$neê end uoes f 'la'ne ionlsetion

cletection. tr'our proclr.rcts wer'€ present on the resulting trace plua the

reactant 1-octener the reaotantts presenoe waa pznved. by 'rspiklngn

the product aanple wltb. 1-ootene, ttre reeult being arr ealargouæt

of the firet peak (ln ord.er of retentloa tlne). However, the

reEolutlon was poor anÈl a colr:¡u¡ naterl.al more itrÞoifío fc
separatlng olef ins was requirerl..

ft wae co¡wenient at tl¡is sta6e to exa¡iae thÊ ItBroôlo{tt

nlxtr¡re by rnaso spectronetry. 'Jhe instrr¡ne¡rt waa e l-Iitachi-

Perkfn-El¡rer R1{U-6Ð clouble focussÍrg mêBs Bpectrometer usiag a

iloneyweLl 15OB Vlsioordl* for the ¡lr¡ccrùir{g of apectra. The

visicecl.er trace peaks rvere replotted. on tlp beeís of rel¿tive

abu¡¡,re¡'ce veralu, nass o¡t charge (ä) ratio. The nost abuaÉlsnt

Feåkr tennecl the base peak, rs arbitrsrily sseig¡red. e valus of

100il abunólpnss er¡d aIL other peako are plotterl relative to thE

bese peak. The mesa spectn¡¡n of 1-octene alo¡re omparecl. fevourabþ

rvhen p3.otted. ln the above nrarurer lrttþ ¡Jm{l¡r veluoe listecl, ia

the liter.twe.18 rh" parent poak of ap¡rorioat eLV 12i, abr¡ndh¡oc

occurs et en I ratio of 112.0.
e

llowever, the rrpnoducttr opectnu, beoeucÉ of ita ocm¡neftion of

Eo¡ue five oompoundt ocl¡ibited e ooplex È¡Tåy of peake. She onþ
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soLíent f,eetr:res rrere poseible paræt peeke at { ratíos of 224

and. 1Ip, corresponrli¡¡g to ttre üe,ss nunbers of 2-heryI-1-deoene ånð

2-ethy1-1-octene respectiveþ.' 'Ihese products are to be ex¡neted.

by ana.logy witb produots f cnrnd. by previous workers.(See Ohapter 1)

0ur prod.uot anal¡rses show uothing oontrary to en¡r previoue work

and we have no re€,Bon to suopect aqy dleviatioo in thE ¡ropoeerl

add.ltion mecheni@.

The onB dcn¡bt about kínetlc prrrlrrr spcotroscory unðe vaolnr¡!

oonditùons is the ¡rrecision of co¡per¡tratiou dst¡¡minction.

One gource of e¡ror nÍght arise fron tlie volatillty of reaotlon

cøtponents. I'ioleoules i¡ the vêpour ¡ùrase would. not be agoou¡rted

for j¡¡ the i:rtegratecl. peak readout frcm the spetrophotomdter.

To reduce Euoh a poasibiliþr, the volr¡uea of, reaotíon ni:<tureg

in each tube were always kept as lar6e aø pocsible. Honcver, a,

s¡oell vapour spe,ee elwayo existecl beoause of the tr¡bc seal ofï

proocdure, Jt wee, tlrerefone, r¡eoessarJr to prove the 5-usignifloaroe

of the ¡¡¡mber of moles presont in thie sps,os rùren oom¡urecl wfth

the nr¡nT¡er of moles in ths Jåquid. ¡ùeae.

l'or a typioal exaropJ.e the oallbretetL volune wes 1.80 nI. ancl

the esti.ueteil, na¡cinu¡ vapour spêo6 oquel to 0.JO nI.
jrs$Ding thet Rsôultrs Lew íe obeyecl

Pi\ = xr\%o

anrl F, - t,obo
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.o-on'here pi *d Pg- are the vapour pressr¡rea of pure cquponents,

triettrytra!¡nlnir.¡n a¡tl 1-ooten€ respeotiveþ¡ pâ a,¡d. p, cre the

ve,pour pressut¡Bs of these conpormnts ebwe a solution of

oonoentratJ.ons XU and XB (the note fractiona of eonponents å, a¡rd.

B)'

4soulng idteaÀ beheviour, thån Ptot l. = p.A * pB. Tþe

yapour prestu¡p of ¡n¡rç 1-octeue at lOoo0 = lÐ2.7 -,¡19
the vapour pr€Esune of, ¡nue triettryla,lun!-nir¡n at l0ooc = 11.6 *^.2o

I'or a t¡rplcal aan¡rle mixbur.e XO = O.58, .'. på, = 0.58 x 11.6 = 6.7 @

Xg = O!l*2, .'. p, . O.l¡2 * ¡¡C2.7 = 169.1 nn.

No¡u thc idLa,l ga! cquètion Ls pV = nRT nrg
RT

whene r5 Ir tho a.mor¡nt of n-ootar¡e 5n the vepour pha¡¡,

5 moles.

+ffix5.15x1o-&

nB'
i.ê.

b 0.082 x 373.0

and n" << n!.

lhe n¡.uber of dlspensetl moles of ootene ia 1.90 x 1O-1. Tbr¡¡

the nu¡nber of nolsg i¡ the vq.pour phase is conaíd.€red. fnef.gnjffoe¡rt.

Zieglerrs addl.tion step 1n the eJgir,al growth neohanls Lr

often seiê to prooeocl vl¿ a¡ Lnte¡uedl¿te n conplar fotøation

b¡tmæ thr aoorptor, or clcctrq (ldlotont ah¡ni.nfr¡n eto andl

a
aa
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the ðonettrU æ rysÈeùn of ttte olef,ln. thla poEtt¡Ieto 1E

rohenatlcelþ repreacnteô,

CH'=CH-C5Ht,

AI-CII2-CI-I, + AH.=CH-C6Ií13 - /uì.-CHr-CH,

ona

\

cH/

-+ ,

H lrtlfÀl-p-f -c6H.'tl,
,t

productr

The rylclenoo fo¡r thf.e meohs¡is we¡ klnetfo. If tt 11 6sr:êot

thet ,flncnlc trletþ1slrrrnl¡ùrm 1s un¡reeetá.vc tora¡ds alkenea,

then thl.s ooulil bc orplaLned. on ths basls tJtat ln tha dltncar

no gito for ôoordlnrtlon d 1-a.lkeno n elætrsns f.c aTetl¿bls.

Thf.a has uow bcen dtcmonstratedl apoctrosoo¡rloally fn hba¡noleor¡].ar

þa-Lkenyla,tr.uri.nlr¡n "or¡r*d.*.z1 The orlentatlon d the groups ln

thLs oonpound. brdngs ttlo doubl¡ bq¡il l¡rto cLose proxLulty rlth

the eluni¡¡f.tu atom.

S-Ëtttæt well.¡r, ttrl.o Le re¡rre aente cl. tn tranrhqa-o-enyl dtl sobutyl-

aluninlun

lBu

CH
2

iBu

cn

R

å. n barit rtonetiqr fron the d¡ilrþts b@fl to tùre cleotron cl¡flolcnt

alt¡gf,nltln atæ ocourg. P.M.:l. ctucH,ea Croretl the olcflnle ¡notoaa
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to be J.ess shi.eld.ed. and. appear at lcwer f ields than usual' The

ùiff erer¡ce in chenical shíft, when compared. wlth e non-lntra-

nolecu].sr complex fornlng o]Jgrl, rr¡a,s O.J poBrllr The axplanetion

v¿as in te¡ns of a draÍnage of electron densiþr fron the vinyl

region, which wêB respo¡¡sibLe for the protm de-shielùirg.

there was a oomeapond"i.rrg upfield st¡ift in the alþrl netÌ¡rIene

protons for the converse reu,soning¡ ioêo irprease ia electron

densit¿r lrovid€s inoreasecl shielding a¡rd hencE a peo.k wLIL appear

at hlgher flelds'

ìit-e attemptecl to denonstrate such an eff ect l¡r our sysben

where the oomple*tng wouJ.d. be intsruolecular. The p.m.rr BIleêtra

oJ soncentration ni:rtr¡res ( j¡ particular 1:1 and. l:5 nol¿r

ratios) of trletlryLah¡ninir¡n ancl 1-octene, at rcom tomperature,

showecl no signff icant shift i¡ :¡ry peak resonanoe posltlon

comparecL wlth that of pure reactsJrt. The sarnples ¡rere then

era.uíned, at teuperetures of O, -ZOt -fr a¡rd. -¿rOoC using varÍabLe

tenperetr:re pruoro spectr.osco¡ry to obgerye jf, the courplex waa

¡tebl-e at fow tenperatrrres. /,gaù¡ no ehtgt ocaumeil in eith.en

olefin vir¡yl protons or trietlgrleluninÍt¡m laøtt5ileno protons. A

ecrie¡ d etrnotne is Bhovrn i^n !'i6. 7. 'Ihe onJ,y effeot obeenre(l.

weõ ê broaclenír¡g a¡r(l eventual co¿leÊce¡¡oa of the al-þl netlSrlene

quartet oignal eÊ thê tenperetur€ naa cl.eoreeßecl¡ an equltibriu¡t

eff,est which is ctiscusserl i¡ Chepter fV.
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The ex¡nrlnents ere thue Lnooeclusl-ve. Clearly, 1-alkeneg

foru no strong conpleces such as thoge at room tempenatureo

between triethyla}¡¡nånLr.rn andL strongþ eteetron clonating oonBorndLa,

e.g. nethylmethacryIale.Z2 clrtefn\y aJ¡ùr ompleec formed. ca¡urot

ottaln aufflclent oorpentretion to give a rlotectable p.m.r. responlor

There appeers no grocs ohemlcal dif,ferenoe bctween the

oleflnlo group ln l¡-alkenylaluminir¡¡o oompouncls and in a free 1-alkene.

uhe faot tJrrat no sJgnif,tcant shift occurrect 1n the v:ryf hyônqcn

reson&ntes in a'lkeryrlaltmln5.uns, where the vírryI grcup was

unfavourabþ p}aceil fæ lntramolecu1ar aoordir¡ation, confÍrms that

an alkene group as femote as position 4 ls nçt LnfLuer¡oerl by effecta

oonnunlcsterL fron thÊ s,lunlnium atm alon.e tÌ¡e ohaLn. It wculdl

sppêar thm that the speeial stability of the lntrarloLeeular

coorclination is clerd.vecl pureþ frqn sterlc faetors. The

interaotl-on between the n qysbem and. the aluminir¡n eton 1s,

in aLL probabllity, Just as strong i¡r the lnte¡soleculer case.

Ilowever, ln the absenße of a favor¡ra,ble stqic faetor ttre stabitlty

of the oonpleæ j-g Iow. îhls, of course, ln no way rtrles lt out

a,s B, possible reaetion lnternecliate,

Prel'ìmi¡arrr Data Srrma¡r¡

The preclictecl. proton negnetis resonance changee durfulg the cour¡c

of the r€sctLon a¡e obsenrod.
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Dllatæ¡üry ar r kÍsdåß toohntqur ¡lîoðuorr eobtguortc

runltr. Froü tåa gnr ctuæatqr¡¡4yö E¡.rl rgcotrmrbrE anê

ooryIæ f,orqetlea imo*Ëågstttrtt, tbtt l¡ ng rraroa to nrgSut

thet the rcte d!¡tsu!.alæe eillttttsü Éep r¡rlo f¡rem thdb

Fottulßtcüo

Fr¡o'to¿ nrgndfo F¡!çDsm; rprofbneæory 1¡ drøa to Þr t!*
btrt kl¡ct'lo t¡ohr¡lquo bcoeu¡o of trta cbü,lXty ùe rlm¡ltane*reþ

ûü*Er¡¡nr ro¿ctrat ûrofy and. ¡noriluøt foruntlo¡ trttb tlurr
tsh¿ oEndit!,en¡ d thÊ ¡æøBorrü prnrrr Ei¡rrtfs e¡rst¡¡ratr

s¡r rhoct¡ to br stidaotøry, prrbrßuhrry r-lfh rcr¡rret to ssrsrÈt

E maartrtttæ øo¡¡ur¡md n
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cll.4Fîm. II1 - KIN]TTICS 0F TI{E ÂDDIII0N RB.{.CTION

Introtlr¡otlon

PrelJ.nlna4r erßperLnenüs hevê shovyn the artvantage of porrrro

spectroacol5¡ as a kfnetic method. The octena cøroentration¡ at

varlous reection tLnes a¡e cuJ.cuJ.ated. fntegrated peak arca,a

and. the roaction rate 1s measure(l fro¡n the elecreage in lntegral

peek height with tlme. The area unclær¡eath a partloular prulotr

sfgnal ls proportio¡ralr bsth to the concentratlon of the s¡noies

proviiling that group and to the nurnber of protone wíthln the

group.

Changes ca¡r oocur j¡ the external ancl internal spectronet*

eon<lLtions fYm day to ila¡r, e.g. ternlnrature, the roegnetLc a¡il

rad.iofrequenoy f ieldo. I'or thf s re{lson Lt 1s f,r¡¡rtlamentel to

measr.re ar¡y ohengtng lntegral reLatlve to the J-nte6ral of a

rederence substance whlch remalns conetant throughout the

duratlon of the ocperf-ment. Icleal.\y, thls conetant lntegral

should be an l.ner.b solvent, d mrltlequJ.valent probon stnrotwe,

wh5.ch resonates close to the set d rfi-urtrtlshlng reactant peaks.

Ihanples which a¡e welL suited for our purpose are cyclohexane, whloh

has twelve equivalent protons at room tenrperature, rceonatfng

at ô = 1.1¡ p.p.m. ar¡tl benzenen oix equlvalent protone aft 7.2

prprno (¿].1 shlfts å16 neagured. relative to T.M.S. which {E

arbltrariþ aseigrnrl zero prp.rn.) Íhese two eolvsnt peeka
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appsar on elthæ slde of the 1-olef jn virgrl rr6ion andl for

praotical pur?os€Ë lt was oorrsrlcnt to ugc e nlxture of tho

two, Oyclohexane wes uagdl as a look elgnêI a¡rd bonzene aa tl¡o

consta¡¡t f.ntegral.

I(nowledge of the charge in 1-ootene conosûtration wÅth tine

nqy be used. to eatlnete:

the lnternel ordlæ of reaotlon urith reapcot to tr{.ettryL-

elt¡nl¡il¡n¡ f ollonlng sbarrclerdl ¡roo ocìre, tho rcset fon c ornrersJ.on

pararoøbcn x, definccl a¡

x=

where C = 1-ogtsnc Gqroentretion at zero tine
o

C, - 1-octene concenüration at t = t

u = stofchtonetri¡ ooetflfeient of 1-ooterre.

Th.e differerrti¿l rate egr.ution ca.n be ssgenibleÉl, wtth e

lmowledge of ,, ancl the eubstitutlor¡ of, the ¿saumecl ordters of,

rEaotiqr with reopeat to Eqpb reaotant. fhø htqretlon of tbe

rltffsrentlal f,onn leedls to tJ¡o flnal orproasion, the f.ntogretect

rete equetion. If the esg¡ned. orrLæs of reactlon ar. correot,

plots of thLa ft¡¡otien verÊus tlæ shor¡Lil be atreight ll.nee,

pelelng through the orfglni the slope of tha llnc beiry cqual to

tt¡e rate ooruta¡rt d reaotion. lhe <tcpendþnoe of thLs rate

ooeffLois¡t on tæpcrcturte nåür or nqr not obcy tlre Árrhcnfuc equetJ.oar
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-E "/TrItK=AC
E

rosk=-ffifç¡ +2.þt loså.or

,it lLnear reLetíqrehlp beûween logerithns of rate oonEtants â¡d[

the roolprocale of absolute tonperatrrê rner¡r be tËken &s ân

incllcatfon of the proof that the ¡l¡shenlul l"an ls obeyeil.

Ihe cotlvation en€rgy, Enr for the rcaotlon Is propor'ùlonel

to the slope, a¡rd the pre-€(ponentía.1 factor Â equal to the

intercept at lrzt% = O. -1i non-,'!¡rbenlus clepenclonoo woultl fnply

that the reactlon neohanien ia conplec, bú an ArÌ¡mlus

dependlenoe iloes r¡ot neoessarilü f¡nply that the reaction Ls

sÍnpIe. llovreverr f the letter is the eaaer then the oe,loulêteaL

aotivatlon erc¡rgy, errtro¡6r o.r¡d.À f,eotø nay be of escLgtsnoe

1n deoldllng this Bol.nt.

[faterlala for Kfr¡etlo Run

(") lriethvls,lurot¡tJq: t¡pe ancl purlty, as desorl.bed in

preliminery caotlon (Chapter II). Two large breakseals frq

the purified. batah were srub-ðlvirtetl fnto efght vaJãrrñg oalibrataô

volunes, l¡ breakegalo.

(¡) R-'l-ootr&r punlfleü tfæc a¡ Þsforc.

(o) .Ê,gþgglgr ¡L eolrent tJ¡ctr¡¡¡e war euployedl, cøraLstfng

natn\y d o¡rolghe:cene end e small enouat of Þenzcne. The nl¡rtr¡rc

waa ohosen ln Brof,€rense to a orÉ-cm¡ronont ayrûcn f c the fo[owLug
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prlllrfr feesOnS.

The conetent ref,eronce pæk is dleslrabþ benzene, beoauao

Ít is closer to the ohanglng olefin virryl regim than cyolo-

hec<aJre, i.e. drtft on phaejrlg errors 1n the instn¡ment wll-l be

Less prominent. The conosntration of benseno ån the loacledt

n¡trrre tube is requirecl to be about one third. the initlaL
conoentration of the olefin. The ber¡zene integrel wiIL be

apprøclutate\r the sa$e as the virSrl CIIr= t¡1n1"t ' IS adJustf-ng

the eensLtlvity ons oên obtain lerge integrals a¡¡d reduce

the enror in ooncentration sstLrutlon. The conceutration cf

cyclohexane is metle comespondj¡rgly large to provicle a stea$r

lock slgnal for the lnEtrwent.

Spectrogracle cyclohexa¡re was d.l,stllletL on the vacul¡n llne

f,roro a clegaseecl. octernel $ourge Ínto a receivin8 vegsel.

Surounding thls veasel uere elght breakseels of 4 mr. internal

d.:iameter for convenienoe, aB the lnter¡ral dianeter of an rurrlrrr

tube is \.2i nm, The conparLson s,ILolred. approrir¡ate vo}¡me

ectfnatlone beforehend.. I\re berzena was distilJ'ect f,rom Lts

degassecl sor¡roo lnto the sane r€ooirring rellt€Ir on top of tha

cyolotrexanc. lhe fnoren nlrrbrre rec thelr seelctl off ¡rhile pnplng.

0n thawingr mð thorou6tdlr shaking, the nixedt solvcrt res poureil

i¡to breakseela wt¡Lcb rere eoalecl ofìf in turn E¡rd. stored.
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J\pperatus. Pttceilure èncl ReoordinE of Resulta

the apparatuE ueed is shown in Fig. 8. In the íriltt^a1

kinetic run ft was ctrrpl.lc¿ted. to pnovlde efuht Drrrre sampl.es

f or meastæenent. The method. was basic in the requirenent of

eonstarxt l-oetene co¡Þentration, whlle varyi.ng the tr'lethyl--

alrtoinÍu¡r concentratlon. I¡or thlg purpose, the eight norn¡r¡

tubes wers aIL prr-calfbnated. to a volume of 1.80 ml, Jiach

breakseal of alþr1 a¡rd so1verrL, with acconpa4Jrlng atainlass ete€l

breakers, wae sealocl i-nto position and. the whole apperatus

prurperi out at a pr€ssure of 4 1O-J torr for twenty for.rr hours,

No¡rnal 1-octene was d.istiIled. l¡to the 6raduateô base of the

vegsel. The olefin was frosen wåth liErið nttrogen a¡rd. the

apperatr:s geeled off at constriction (1), whlle purnpirg, A

lsrosm voh¡ne of 1-ootene (O.5 m1.) was d.istilleel. from the greùrated,

tubing into one of the rr¡r0¡r¡ tubes anel the eidea¡m aealed. off at

constrlction (a). The sane 1roce(lt:re occurred. f æ the other thrce

sidea¡ms. The alJqyl sea.J-e were broken in each and. the Liçld
allowed to rwr dcnrn ar¡d. nÍx with the ol"effur. ¡tr staj.nless steel.

sinter was uaod to prevont pieeea of glers ftm the broksn gÐal

entering ttre n.u.r. tube. Snall pJ.eooa Troulcl uprct the

honogeneity of the sp{nntn€ sanpln ðrring neesuremênt, oeuring

a Locs Ín peak resolution, henoe ãrrors in conccntratio¡r. The

concerrtration qf cl.tapenoecl alþl war late ohaokecl. þ burette
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calJbnation. The sol-vent breakseal r¡as then smashed,, the solvent

tlpped. wfth the help of the U-tuber untlJ. the reactentE were

ùtluted. to 1.BO ml. [he tube vras gea.Led off and ref,rigerateô

until neasure¡nent.

Initially, the speetnun of each tr:be wag eraminecl on a

Vgrlen .isgociates D"A-TT.,, 6O n.t[.r. spoctrøoter at a probe

temperature of 29.OoC. Ihe frrte¡nal lock signal usecl.was

cyclohoxane, aft any one tÍme, the integrals of bensene antl

of the oldin vÍ.r5rls were m@surecl three tf"mes ar¡cl a¡¡ average

value of the 1-octene vír¡yl CiIr= f,s bengene ratio, 1n the s4uo

field- slyeep dlreotion, used- j¡r conoerôraticn calculatlons.

lhe heating ned.iu.rn and. ùts teroperature oontrol wore the aane

ae in the dilatonotry investigation ( aeo 0hapter If). The

sa.nples were pleesd. jx clips on s perspêx support end. lonerecl

into the oil bath oontæollerl at the rlesired. ternperature. llt the

end. oÍ' oaoli heetirg ¡reriod., the Eupport raok was renoved from

the bath, eeßh tube dried. aud refrigerated. until neasuremerrt.

This prooodure ras repoateù untlI enough Epeotral dsta was

availabLe for e cêven point plot of conoantretlø vcrsus tLue.

Fí9. 9 ehora c deereEoing series of reactant vf4y1 protons and-

thei¡ integrala aÊ the roaotion proc€ðdlr lt'he ilata was tabulaterl

as oonoêr¡tretloaa of 1-ooter¡e end. proaluot rrcleoenetr with time¡

the procluot cor¡oontration eatiuetetl from the rolstlon¡
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proch¡Gt eonoofitretlon =

where lCrrr= (nr) 1s the integraL of ttp prodr¡ot vlnyl CIla= nl,n8lct.

.4, reprosentatJ.ve Bl,ot of 1-octene rteoaü a^rrct proiltæt ôeoeac

growth wlth tlre fg cheryn i¡¡ Flg. 10. The reEults oonfirn the

etolohlouetry of 1-ootene, (= two) aE thp a,nou¡t of, proêuot cl¡oona

forncd, ts¡dg to a val,ue of half the amrurt of 1-ooteurç conmrmccl,

as the rcaotLon ptrooeecLs. i¡Itrethcr the gtolcblonøtry la malntalnøil

et all, ata6ea of, the raactionn dlepcnilr on the rslatlve rate¡ cf

the vatleuÊ rs¿otlon ete¡ls. In Fig.10 Enet othcr rrur plots, thelc

eppoers to bc a lag ln the prodtìrôt fo¡matlon in the earþ stagoan

L.e. the amount of prodluet d.eoene formotl Le 1e¡s then half tho

anount of, ootene oonsr¡nedL If thta la E raêI eff eot, j.t wøldl

nea¡r ttrat the rate of reactlon npaetredL by prodr¡ot yieLl Troulal

dlff cr frø that measureil by ræotant conannption, capeola.lþ at

tnitfaL oonvcrti.ons. lhg balance bcrÈro¡n the two rgtes woulcl bc

nado up of a tcrn alLowJ.ng f cn the conocntrations of cgbel¡
jnternedLete¡. Thlp woulil. be an lntene¡t{qg observatimr fu

vlw of the clieeropenoioe in kXrntfo eqrrations d.criveð from proittst

ytaldl antl reêctent oousungtl-on rerpeot[veþ. ]Iowevæ, we are aot

x [1-octens]r*
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oor¡fidlcnt that thc aff,eot ia rea\bco¿uaE lt 1s only strEar&t

ct lor oonyËrslona, wtrere the error tn ths Xroab¡at lntogral andt

tho zero årror l¡ the inttful 1-ootene lntegral are at a maxLtrtu.

Thue stolohLonstriaalJ.y the reeotlon ía corfl¡øed as,

1

TALrEfr+ 2 AH"=CH46H.'' { iItSALCglfl-, + 2-fi1-1-ootcr¡e.

If thc r?aotion J¡volves the EgsoeLaterl. forn of trletlSrl-

aluml.nlun, the rete equation would. be of the nixEdl second onclrr

type, vlz,

ff = k[cBH15J lerratrl

3 k[c6H1e]cnb

whcre C*fs the totel al'l$rl co¡roertratfoa ln terrc of grao atcn¡

of qh¡ul¡fuu per m1c dinsr.

If however, the reaotant is dlssooL¿tcd AfEtJ then thc

neoÌ¡ar¡Lcn boosea

Ar28t6
Ka

-¡Ì 2 AlEtl ( 1)

(where KU la the illucr tltceooiatlo aonrtarrt)

kz ,/t {',1
¡,fft, + Ctla=CH-tgttf ¡ 4 Et'AJ..CHr-CH

z"s

(z)



l+9.

dr1,

I

, ]#r:
Et

ZAL-CIIa-CH
I

i¡tZJl'I-H + ClIr=6 (r)

zH5
c{y

protlwt ilsoenc

lìtZAþH + CII,=CFI-, 6nl3 { ittZAl0HA.CHZ,C é\5 (Ð

There 1s no evJ.denco fæ thE Etate of assoclatLon ln the

1r¡termeùiate enö pro<ùrct alþlalurÉ.nlt¡¡ns. At low eonvensiont

theSr nost llkeþ fort mlxecl associetes wlth unrcactecl. mononæ

.1,18tj. Undler our oçer{.nental oondlttlon¡, the f,omatlon of

Brodlr.rcte beyond. roaottou (4) (as ln the Perry and. ory neohanlen)

can¡¡Ot be negleCtcc!., However, our conilltionE werc lesg ilraEtåC

than thelrs.

0vora11, reaotlon (2) 1s a¡sunecl to be rate controll1ng,

with thE other otegea foi-Lowlng repldl¡r' There ls, in feot, no

øviclenoe that the dletlrylaluniniun d.eoyl aclcluøt, ln reaetion (e) t

has er¡1rth{ng othor tha¡¡ a transient exigtercer md therefore

1t ls nore praotlcsl to regarð resotlons (2) an¿ (J) ea a alrglo

step. Reaotlon (Ð, tb acldltfon of 1-alksne to dtsthylaluntntun

hydride f.s considcred[ rapid., as the ec[clltLon of allcencE to Jl1-H

boncls is s!.gnlftcantþ faster tt¡€n tho ge¡re a¿ldltlon to a¡¡ "4,1-C

boncl. The od¡r polnt of dp¿bt aþout the a¡sr.rnptf.on of reactlon

(e) tefne ratc controlllag, is the poaelbJ.e ¡tolohl'ountrJ.c

c
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lnbalence at ¡ma,Il oonvarsf.obao Ag¿t¡r i.f tÌ¡lc ig a rs¿L offeot

Lt aoø d.iaa¡poarE, presunEb\r es tho ratc of reection (Z) begtns

to clpcresae.

The rete eqtiation oorrespond-ing to thia neohaÐls¡ß would be,

# = r*o[*utrJ [cuHrrJ

11

- nr¡,;o ir,oj" [c#re]

whene kiFp = tho appgent or oboen¡od' ratc constant.

To cstabli¡h this rate equation we nust L¡¡Ltially octfnate the

ord,æ cf reeotlo¿ rLth respeet to trletlSrlalumfnir¡¡n ty the methoil

of va¡¡tt lloff.25 The l-¡rittal veloalþ of e reaotion fs relaterl

to the l¡ftiel reootant conoentratlon Þy

ro = k€on or 1og ro = log k + n lo6 oo.

rl lqg-Log plot of lnitial reaotlon veloolt¡r versr;s tr¡fti&l

oonoentretion shoulcl be e stneight ll¡re. Thø elo¡n of thf s lauc

f.s n, the srtcrnel orcle of reaotion with reepeot to the varying

reaetant. The Log-Iog plot ca.n give nlsl.eadü.ng result¡ lf takan

ovar a r{mitedl oonaentretion ra.nge¡ úð ahoulil elrryr bo ahækedl

by e plot d 
"o 

vcrsur oont the osrfi¡ru¡tlon being a otrafglrt

üne paaatng through the ortgi,n. In thLs nar¡n¡rr at1r dcr¡bt th¿t

the log:1og v¿Iue of n on$r refer¡ to tha tn¡ta¡¡ta¡¡eouc valuc of a

ve¡.l,eblc oril4. l¡ slln{nat6fl, 1¡ç ìL{¡tinotÍon brtwæn the abovr
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I
mêohsr¡1,@s clepondr on the crdle betng i o, 1, corres¡nndtqg to

mononer or dfmen particLpation.

Taþle of Resulta

SamBle Initlal Vcloeity r,
titre uols-1or-o-t 

o
Total [or*vr] tu*t¡t rotal t"rUyr]Êfurtr¿

""_îî (c¿rr) as tli'uæ lcela)
noler/Iltrc é

1

2

t
4

5

6

7

1.52 x

2.1O x

1.26 x

1.O9 x

1.16 x

8.55 x

10',

10-5

-Ê10'

10-5

10-5

1o-6

-6

o,276

o.5tú

o.194

0.116

o.126

o.065

o.o73

o.925

o.7r9

O.¿y'{O

0..rh1

o.555

o.259

o.27O9.Bo x 10

Ihe tnitiel veloc{t¡r veraus the aquaro roEt of thc 1r¡ltial alJqyl

conoentration :l.s shown Ln FLg. 11 anil thc log-1o8 plot of thegs

guerttttes fn Fig. 12. llhe enror bara f or t¡sh lntttal veJocl$r

polnt arc the ma¡cluun a¡rd. nlnl¡nurs velucs of tan6ents tlrårn at

zero tl¡rc on ttre dleoay ploto. The nagnltudla of the c¡ror bara

lndtLoates the dtlffleulty ln acourate\r drwlng thE cr¿ct tangent

representatlve of tlre lnitteL veìoolff (rrnleso thoro dns a large

number of dil¡te pofntc at suraI1 convorslons) a¡¡il ths net]roct nn¡st be
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rega¡rdetl as suslÞotr lTowçnrer, fand.om eetfmatos of the lnftlal
veloclty produoerl a stralght line relatføratrlp when plotteð

Ín el-ther manner rl¡agoribetl above. The least sgusres slope of

the ro versus (t*)i plot has an l¡rter.cept of 0.215 x lo-5
-'l -'l ¿

Litre more- 'õoc- | wíth a stendard error or j o .o75. The dottedt

1íne represents e }[ne that cån be drawn through the origln,

yet sLiLL withln the U-mltíng onor bars f or each point. The

graph shows the ord.s with reapect to trietþJa}.¡nl¡1r¡n to be

sËghtly lesg than one h¿lf. In ad.ðitiør, the lesst sguares slo¡n

of the log-Iog plot is 0.4Jr however the errors l¡volvecl al^low

us to approxirnate ths orcler to one half .

Thus, from the graphs the rel¿tionship r = k Cf,a, u.ene.""

llkeþ. Ihe first ordt tlepend.enoe rith respeet to 1-eLkene is
welJ- estabH.shed þ prevlous workæo,

Thus the rate = noprlr¡rri5J l,trrntr]å - oruuútcgnralå,

ire¡ oonsigtent with the neot¡anlpa of rcaotá.qra (f ), (Z), (t)

en¿ (4) above.

Ki¡etis Recultr a¡rrt Diaouseion

lhe mcthocl of integration prorldlæ e tcohnf.que to show the

egsuned. ord.æg of, ¡reaotion a¡e ooareotþ ehoÊsn. Thc data is

applleil to the Lntcgratedl eEratl"on, uaual3¡r by graphlo&l mear¡e.

Prqof of tho aqueticr, when the fu¡¡otlø 1c plottcô vcrcug tLoo,



55.

is a straieht t¡.ne pasolrg through tlre origfn, the slo¡n of the

line betrg equal to the rate constant (k*, ln thlE oa3€).

The eBparont or obsewecl reectlon h¿g bean cldlnecl as

te'u
Æzut6 + 2 (cttr=cH-c¿ll1r) Et5Âlr0otrl + cltr=t .

tanl¡

IJ the tnlttåI oonoætretl.ons of aJJQtI ¡ndl ol¡fin arrt e antL b

and. tf x 1s thc oono¡ntratton of pnottræt fo¡øod, aftæ tinc tt

ttrcn tl¡e oorncntrctlong of, ¡reaotantr am r¡dù¡erdt to (e-x)

en¿ (Uex) æapeettvcly.

Thuc thÊ aptrnrcnt rcaotl*r retc ' k*u(lt nt6)ã(cur=cllc6H15)

1. ko*(a-x)ã(¡-ex)

"' # ' k*p(t-*)å(u-2")

k¿*p fr dlxor
2(*-r) (uac)

This 1s tlp dl,fferætial fom of tþe rate cquetion whloh now has

to bs lnte6ratecl. The oonplete dþrlvstlm of the lntcgratEcl. roto

equatfon 1g lnoludlecl {n Jlppencll^x I. Br{.cf\r, sol'ut5one of the

fntegratedl f om ere ooop]Lcatect bnr the fraotlona.I ord.gl. precent.

Three solutlons ere poasible depenttlng on the rcl¿tiw nagnitudlc of

the l¡ltle,l reectant concentratlsns.
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(") when e o t t*n"r, triethyrah¡mir¡1r¡¡¡ is i¡r etoiohionetric exoelr)

a
1

1k¡"pt O l
-1-

1-( 1 ( )a

(t) v,,he¡r a = -þ
2

k,rppt=1ÉE-d*t

(") rvhen a. f; {t-o"tene in stoLchionøtrio e*o"es)

káFFt =Éæ iarotan(5|)å - **t*(Ë=)¿l

rn ¡raotloc, thc rapha of the rtght t¡e¡rd. atdea of cnçresgiong

(") anô (o) were plotted. vergug tlrre ancl were ¡^eêsørabLe stral€ht

llnec passing thnough the origJn. volues of the a¡parent rate

oqratant rcre oalor¡l.etedl fron the l¡a¡t squarcb alopeo cf thesc

grephs andi tebul¿tedl below.

The dlegrce of reri.abiltty onc oorlel placc ln theee resultc

w8,s Ê¡cpr€seoô in the fom of oc¡fl.dle¡Ìo6 l{rnlts. The d.a¡elopm@t

of aorfidenoo J{-lts ls inoluelecl fa A¡ryendJ.:r rrr. lhe 'rbest

anrl worst fl.tn cetg of dete frcm the totel populatíon of rete

oqrctant &ceauroudrta l¡otudleit la thc túle ¡¡c Ehown ln Ftg. 13
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rvltlr their Ði,,conf idenoo llmit typerbol^as.

litatistically, we sre courparÍlg tho leest squereg straight

line represented. by our d¿ts with the rrtruerr line representirrg

ihe d.di¡red. integrated. rate ec¡uatlon, which passes through the

origln end. with a slope eque,l to tho true rate oonstant.

rie have arbltrariþ seleoteô. a 5'¡" lovel of' probabillty,

or tolere¡rce Liuit. 'Ihls conresponds to s¡rurmetricaL 9Oi"

corfid.ence ]Írríte on our fitted. 1ino, end we assert a priori

that the true value of kt at a^r5r t is oontaiaed in these llmlto

then ws arc naklng the osrrect Eüatenent 9O"/, ú the tfme. In
other words, tue have plaoed. 1O0 o{i.1 (where o( is the probabf.lity)

or s¡rnuretrloal 1Or, tolerance limj-te on the f itted. clate wittr 1OO

(t -*)i, or ff¡l qor¡fíd.€r¡oe,

ilven Ín thetrworst fit[ case, the i¡rtereept on the least

õquarêg streight line Ls most obvious\y ].ess than the stend.ârð

devietiÐn. In sbatåstioal terms, the oorrelation of thE rlata

to the integreteÉL rete equatione (a) and. (o) above ia signifl.oant.

Ihese eqt¡¿tiong ere s¡ncSfio to thE neoha^nio i.nvolvlng reectionr

(z) to (+) eboyc. The alternative reôh¡r¡ie f-npllco nlxeit pecond.

ordlsr kfnetlo¡. The lntegratert rete oquetion for tÌ¡is mcoha,nl,g

wa,s testerL by a nunber of d¿ta oeta, anil rtlrtLnot or¡rvatlr€ wat

obaariverl. in plota of eaoonil orclen kt vereus tf.me.

It ls olaer thæedore that thc ucthoil of inte6ratloa cor¡fl¡ø¡
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the ond,er of reaction estiuated. from the venrt iloff methocl.

Tho Ínterral o¡¡d, qterns,J. orai.ers are icleatioal at å *U 1 ( l-ootene) .

sech popul¿tion of rate cor¡ste¡¡ts at e particufa¡ tenperatwe

e>ùribited. s rendonness aþcut a. meefÌ value [*p, which was tabulete(l

aB representatlve d tÌ¡et popule,tion. .{¡. standård d'eviation in
-Eu* is governed. by the po¡ru1a,tíon varla¡¡ee frm this mea¡r value.

lij¡co the Sbendard tlaviatlons at each temperature are reasonab\y

oonstent, there was no ressqâ to tebulate a weighted. Ë*O.

'1'he ten¡mretu¡e elcponclOnOe of' tþe reaction was testecl by tlre
-n

Arrhenluc lan in the f orur log É^,-,- = ffi + log Ji. ìJhen

log kj'p nas plotted, against the reciprocal of tenperature i¡r

degrees abeolute, a sbraiglrt f.ine waa obtalned (see l'ig. 14).

Tho least squeres øIope qf ihe *Arrhenlus plot gave a¡l activatLm

energy EX, = 2lr.O kcalr/mole with en S.ri. (Ua) - 0.6 kcalr/mole. Ihe

intencept at, 1¡T R = zero produoeil a pr€'e:cponential f¿eton of

¡, = 109'0 utrel rob4 u"o-1 with an s.it. (1og ri, = 0.J).

the ouperlority of the integratecl rete f rurction, vrl-th thg

h¿rlf orcLæ term ovcr tire conpletel¡r seooncl ord.er lnte6ratecl rete

egrutlon, oonflmg t*re aÉsl¡.ußeô eXte¡nal orêer wÀtir reepeçt to

trlethylalr¡mtniust of one haLf . l¡geinr the qorrect integrateil

rate plots conflrß the urechanism whioh staritl,B as followe:
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Run îenpæaturc Concentraticns
(notoa/lltr.e)

1-octene Al2Et6

k¿r,p Ënu t s.D.(Ê¿pf,)

(litre?/mol.e?'
aeo)

o 1

E"îi
g

120.0 z,bu+ x 1o-' 1Õ5

115.0 2.177 x 1O-5 1.5g

-t110.0 2.611 x 1e 1.6

100.0 2.681 x 10-t 1.62

O.]l+-O'99

Q.J1-1.12

0.&.6-0.98

A.29-O.9,

0.48-1 .l+J[

1.86 x 10 3o

l.o8xto-530.1t1

2,15

2.t+6

2.76

2.gg

2.98

2.O1

2.Oj
2.64

l.7O

l.9h
2.21

1.60

1.19

1.21

1.o0
g.gg

,.55
5.51

l+.78

4.87

t.tO
2.59

2.86

2.99

-Ã10'
-Ê10'
-E10'

lo-5
10-5

10'5
-610'

1o-5

10'5

10-5

1o-5

1o-5

-410'
10'5

1o'5

1o'6

l0-6
1o-6

10'6

10-6

10-6

10-6

10-6
'lo-6

x

'C
x
x
x

'E
:t

lc

x
lc

T

lC

x
lt

tc

:(

Í
T

x
r
tr

x
î.
x

-6¿2.50x10'åO

-5

-6 !o5.11 x 1Q

95.o 2.117 x 1o'3 1 .61

2.g\.x 10-6 i o.25
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Tr"r,

(1)

(e)

(¡)

ko
¿,1¡t, + CII'=CH-1 

61113 
3 ätAAl-CH

\ùt

{1'

1itrAtr-CHr-CH

,,\

EtrÀl-i{ + CH'=G

cc
z"E

]ft2rt1-H + CHTUCII-,drrl + Et y'$ßHZ.CHZ.Cdt, ( t-)

',ïo i¡¡fer that the ilogree c,f cll¡ner &lssocietlon ig not exoesoiv!,
1

herrce the overall or obsEnred. rete conetant k*, = KfkZ. The

rate constant k, of the adèltiø or rate clcteml¡ing step 1s

the requlred. guantlty anil to obtain Lt we neod ar¡ eatinate af

the }tErid phaso ô{m6p dlesooj.atíon consta¡¡t wlthf¡¡ our kinetfo

tenperaturo fartgêr



CILIPTEII IV - .¿I,SSOCIIITION IN TRI¡II,KII.,Ií¡\IM_INIIJìdS

ïntroclr¡oti on

-

The sblllty d tria&yråh¡¡rtnfu¡¡g to ¿Egoor.atc anð eoiLievl

greeter stability ie a fr.motion of tJre untqr:e boncling p:roperties

of theco cmpounds. The baaio bonctl,ng eorfigurations of the

elootron d.dloisnt brÍilge bonds, whLoh caua¡ th.e stabrrity,
heve bee¡r expl¿lno(!. in Chapter I. Brtef þ, a threo-oentre

bond. exists bet¡veen the two alu¡nÍnü¡ns ancl the carbon aton of

the brlflgf¡g grqlp, [rro e].eotrmr are sha¡eil dn er¡ ovarlap

of the two a}¡nln:lum etom a/ orbitaro rlth the oarbm etq
?

ep/ or¡blta3..

He¡rce, the oqutlibrf.un 2 iilft.J ¡: AIZR6 o¡eÍets a¡¡cl the

dl¡tø bonrling atrætree lg achcm¿tloelly rc¡rerentert ac

ø
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R

ThE afac anil ahape of, the el$l group R iettd.cte the

ebiltty of tho nonouelo trtal.$f 1e ,r{rnqrLaor gtc¡{.c hlnd}na¡roa

prevontr thc ep¡moroh of tno nonono rr l¡to e¡¡ orl,cr¡tatlo¡¡ oloac

cmugh for nokoul¿r o¡t1ta"l onrerþ.

[rl-n-¡11$rtalunl¡lrrns, whec thc elþr1 group rrn6oa frm

à\
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methyl to n-butyI, are lclown to be assooiatcil at roon temperaturc.

hIþrlaluninirr¡rs with Il contalnÍn6 a secondary oerbon eton attach€dl

to the Al aton are cgsentially mononeric.

Trzo direct technlques utíIised. to establLsh the assoclatfor

experimentally are X+ay crystal.lography ancl p.n.r' speotroeêoplr

iissociatÍon was pred.ictecl. from ï.R.24 and Ratra,n slrctroscopy.Ð

¿idilltiona1 evicler¡ce YÍaB f orr¡ard-ed" b;r rnolecular weight ¡neasuremente

frc¡n varic¡us method,g ( ebuttiornetryr 26 
"ryouoopy 

r27'28 vapour

pressure measurernentz9 'T) .

I,ewis ancl RundLL"rSl b an X-Taü cryrtallogrephlc anaþsis of

trinebþlalumLniun, measureð the brldglng bøct angle 141-C-Àt, 7Oo)

ancl. the .+1,1-c boncl Lengths for both briclgedt (z.z+ Ì) a¡¡dl terol¡ral

(e.oo l) u*0". A similar etuqy wag ¡nad.e õome yeara latar by

Vranka ord. ;\nna.J2 They agreecl with LewiE anit RunctLe on the oh¿Pô

of the dlns molecu1e, but wíth stlglrt diffenences in the bridgtng

bondl a¡g1o (75o) a¡ril. i¡r tho brídgo bondt" length (e.tL l). It 1s

interestlng to note that the clistance befueæ ¡\I atomg is wlthl¡

the aocepteð theory of metal-netal boncl long:tha, whLch nay also

iacreesc the ótncr atebJ.liþ'

[he prcsenoe of, d.tng f osuetlon hac besr ilenonatretotl,

equalþ es aff,eotirclyr by protor rnagnctf.o reüøtanoe. MUIler andl

prj.tcharfS aho*ed. the roon ternperatur6 prpo?r s¡sotnrn of

tr&nctÌ6rtatr¡nlnir¡¡ to cqrtal¡ onþ one peak. fhe lnfercnoc fl.m
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this spectlum was two-fold.; all of, the protono trreoent were

nagnetioalþ equJ.nalent, 1.e. theSr aIL rcsor¡ate at the sanE

prrrtrrr chenical strtft; lf there 4re two types of rethyl group$

present (Urfaefug an¿ te¡rnfnal) ttrey must be lnvoLved. in a rapltl

e$ghan€e procese.

sche¡natLoa$r the ocohange equlJlbriun ocours possibþ

by waü of dissooiatlon.

t{c

Me
./\

¿.1 i,L

Mes Me Ma

Me 'rMa )>^<l
A1

Me

\{hen the tem¡nrature of a sa,nple of ÅIrMe, J.n cyol.opertarn wal

lowereê þo -75oç and. the prnrrr apeOtnm meaoureil, two aj€nals

wlth a¡ i.ntegrateê Beak ¿rea retio of 2¡1 ar€ now ¡tresent. Thc

app€arelne of tno reaürênoes eorf l¡.¡rEè the presengc of two typcu

of netlSrl groupo and the slrgle reso!^ancc at room tenperature Ëô!

ùle to the raplcL exohangc p¡ocêsgr At the lower tOnpcratu¡e¡ liho

ålrnerLc stmæture tss rrfrosentf a¡ril the lndivtèual teroinal and

bridgtng ncttSrlr beoono apperent¡ 1.t. the e*chrn6o ratc was

d¡s,ctLoally rcdl.rþoiL the authors oqrol,utlcô that at rom

ternperetrrrc, the mononcr wês Ïrobably not fcrncil e! 6n lnterrnedlatcn

but that thc exohange proosÉg was lntranolest¡I¿r by two Bo¡slbla

neot¡enl,æ¡¡- thÊ ìrcaktng of an A]rC bondl or the ilcfornatlon of
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the noleaule ínto for.r metlryl br{.dge bond.s 1n the oonformatlon

of, a square.

.,M{ - - -M".,
tt - - -- 

- 
\

¡6-41í ¡1-Ìfc

Tlr.e estimaterl activatíon energy for thls prooeÊs was between

6-1¿+ koal./mo7.e.

Raney et al.å inverblgatedL the lon tenperatr.re prnorr

o¡acotn.l.m oû trletþlalunlr¡ir¡n. the nornal- roon temperature

notÌgrlone quartct eignaL broaclens ea the ten¡nreture 1s Lowered.

anit. flnally (at -6OoC) emergea as two grcupt of Erartet sfgnato

et 0.08 and. l.OB p.p.m. These guartot slgnels correspondt to thc

tenn5.nal. anrt brt(l61ng roetkrylenec respeotf.veþ. "lLr¡ exaat 2:1

fntegral ratlo weg not observed, ln thic qe.se es the loweet fielil.

netþlene sfunal, over3.apped. lnto the nethyJ. stgnal.. The effeotlvc

d.eorease in electron clenslt¡r about the probons of the brldglng

nettryrLene causes e shLf,t (peranagnôtfa) in thfs 6rouprs resonanee,

to a¡pcar at lsræ fLekls.

A slnf.t¡r lnveatlgat foJS of tzd.ottyleh¡ni-nium Ln tolucne

at low tenperetrrrcc eo¡fl¡oEdl the ð{nor{.o ctruetutr d thts

compounð..

lTe oibaerycil the bagfrurlng d nctlÐrlcr¡o grq¡p troadþnlng ln e

1or tcr¡rrrtu¡¡r lnvoatlgatJ.on of, pood.þla ooplctng bsÈuæn
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trtethylaLumlnil¡rn at 1-octene ( see Chapter II ar¡d. Fte. 7) . The

temperatwe on thLs ocoaslon was not low enongh to obsenre

two tlLstf¡¡ot resor¡^arp es.

r\cklitional er¡id.enoe for the dimerlo character of tho

tri-n-alJqylah¡¡rfnlum eeries has been obtained. from lnfro-Ìecl

speotroscopy and. varlous molecu1ar weJght ancl vapour presEurg

measurements. zie1l;æ'6 aJ¡d. Coate "fl et aI. have thoroughþ

reviewed. the I¿R. spoctrosoopic propertLes of organoa.1'rlminfi:¡n

cornpountls. Vapour lrèssure neaeureme¡¡tr^12ß9 have yteldect heats

of clLssocietlon f ory the trlnet$r1a}¡nlnir:n cËmer, the valuca

boing 20.213 a¡it Zo .Ê9 wuy^ol¡ of, cli-ner.

Tri¡ùreqylelr¡nlnir¡n yraE roporteil to be largeþ (W,)

asæofated. by abull:lonetryrz5 ho*"t* eryoocopf.c moêsutrËm*tr,8

d.id not oupport suoh an essociation. .An X-ray olgrstallographLo

ana¡rsis'9 of trtpherylaluqln{u,a shoçg the brld6tng pher¡yl groupa

to be j.ncl3ned. at an engle to the pla,ne of the ùZCZ r{ng. Ths

dlstorbfon of the Êreryl ring lntrotlr¡oes ths oonccpù d n bond

d.arration to the eleotr"on ð.dlctent Þøe!¡ whlah lnoreasee the

etabillty of the noleouLe wen firrths. Sohenaticall¡r thle ie

shown

Ph

t\lo
Ph
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This idea is oontraòlctecl by the ÂI-C bridge bor¡d. length whioh

is longer by 0.Ol¡ R tf,.r, the correspond.frtg børù length

1n trlnettqrleluminín¡n where no suoh rlonatlon oan occur. The

bridge boncl lengthe of trl¡rett¡ylaluriniun are longer than the

tenuinal bord. lergths, due to the ilecreaEetl olætrm clensifir

within the bridge bond.. In the case of trlpher¡rlalu,inium,

one rni6ht have e:rpaoted. the bridgo bond. J.ength to approoch the

termånal bond length antL be signif ioantþ less then the trinethyl

bridge Þonð. $.pperentl¡r this ie not t'he oê5€¡

The n Þoncl ctøetion ef,feot has beor¡ obcerv€û ln BorlrDr

no&au¡Êmonts en alkenyl- Élf io obutyJ.aluml¡lum ootnpountlaz 
1 

*r, d

di.nettry(pher¡¡1,ettryrry1þuiniuu comBound.u.'l$ Ilere¡ the s¡notrun

oor¡tefnc e sl€nôl ô¡e to eryl. protonc ã¡ral onl¡r one othor Feakr

r.egarcl"Leoa of tenpereture, ehowÍng that br:f,dgtng oooürE vie

the Bherr¡rlet\ynyl groupr Tbt¿ fu a rssult of the enlurceê

atabÍHty offered to thp tlree ês¡tre botrd by thE n orbital eyoton

of the etlyr¡yl Sroupr

ptL

t
ll

ldE

1[c
^/

Me

c

ll

Me
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The etruotwe oould. be re¡resented. es shorlr ebove, clt]ror¡gh

the presence of the codugaterl system ooukl looalL¡o thc

poel.t5.ve charge wltht¡ eaeh pherSrl rfng. lfore raocotlyrLl

pollrrrr studLo¡ heve sbürn the trd.oycro¡rroryla1u,rnf-nlum drupr to

be ar¡ i.nterestfuig axanBre of bridge benitl¡s wltÌ¡ enhano¡ir

atebtliþ. In feot, tho authorc o14J.B thl,a uoleoule to bo

the nost gtable of the tnlalþrtalunl¡Lun d{'Ëârs. A roon

tenperature apeotrrm ghons two þr¡nc of cyolo¡ro¡yl groups

t¡ the lntegratetl, pcak a¡ea ratLo of 2¡l correspondlng to the

usual te¡mlnal to brtdging group ra,tie.

'Ihe ¡tnætwc ic retrreacttcd
H
\li-c

H

IT

*/

R

,/ \nc

II _C
/ \

iai

rt is orafnecl th¿t the fo¡mation of thø brldgo bqrtl, ocorra by thc

overLep of en ep2 orbitar frør ttre oyoropropyl oa¡bon rlth thc

elr¡ni¡¡1tu apJ orbltals to give a ø typo th¡cc-ocntrc bondirg

nolaaula¡ orbitel (the aoooptodl eleotrm ddlolcnt bonti fometion),

II
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asËisted by the overlap of a pn type orbíùaI fron the

o¡rclopropyl grorB with thls q molecuLar orbitel.

0n ralsir1g the teurperatr:re and reooril{¡g the p.n.r.

speotra, the exchsnge between tomíneL ancl brialelr¡g positlørs

does not corTrnenoe until 7OoC, i¡rplyine that the eotfvatlon

ener6y for thie procese ís larger than aay other studied.. Iiowever,

in the aþaenoe of, the cLeteminatlon of a value f or the

aotlvation energy, the'authorts conclucion that the erùranced.

stabllity at lower temperratr:ra aríses fron energy rather tha¡¡

errtro¡gr faotors ls ¡rrenature.

.lìrlthottgh rterioalþ hlnd.ened. trialJryLalunínÍuns clo not

asgociate to fe¡s rlirners, if they are nlxecl r¡ith clineric

trialiqylalu¡aln1u¡os then nfuced dimerlo trtalJryla}¡¡rinfu¡n spooLeo

are f o¡sed.. This ef,fect has been denongtreteô by E.G. iloffua¡¡P

ualng ¡nfxtu¡e¡ of triLsobutylaluml-nfi¡m a¡¡d. trfuaethyletr¡ni¡fi¡n a¡¡cl

fa dlcousseci fn nore cþts,lI Leter 1n thfs chaptor.

Tha onþ r:eporte(L nol.ecul.a^r relght ctuilJ.eg on trfettgrl-

al¡¡nlnfu¡n ar€ lJå,ubolgayer a¡rd. G.Llttanta yapour tlenalff ancl.

Fretsra ctu¿lio¡ at htgh temperatwoa, enil Hof,fhanrs 'radiabatla

oryæetr1rtr uacd. to egtablish the nolsculet weight et low

tenlnratwes.

fhis lêok of, moleouler weÍ6ht dù*ta, pa,rtioularþ 1a the

tourperattre rffrg€ þ-125oC prcmptedl our f.nvestigatfons, w]rlch folLow.
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alrrni¡rir¡n líon omer-DLner It oui librir¡n

Introôuction ond. Choipe of,J,lethod.

fn 1)tr1, vepour ðensíty a:rd preosurÊ measurenents were usgdl

to establlsh ths eppe.rerrt moleouler we5ght of, trietÌ5rl¿}¡nlnir¡¡t

i¡r the vapour Bhase deeverêl high tenp"r"t*uu.12 thls ¿lats, Ls

tLrc ouJ¡r ¡nolecula¡ weJght iwesti6ation aveLrabre (aparb frcm e

low teur¡nratrrre cryoscopis dßf,s¡¡i'-,etionzl , The authors

concecled. d.subt in 'vheir hl.gtrest tenperature &eesure¡nent, because

of sample deoørpooitioû et that tenperatura. rl proviou" pup."4J

outLi¡ed. the type of vapour densit¡r encl pressr.ue neasuremonts u¡sdl.

No attempb v'ras madlp to cslcl¿ate an egullJ.briun eonstant frorn

these msa,surements. unf etur¡a'teþ in the triefiryraruminLr.m ca!c,

the presoure at whioh each vapour ûensity measurement was oarrisdl

out, was not reported.. If e$¡ilibriun paraneters are to be

caLcuLated. fron this *¿ta, it is negessery to ¡rake sone sssumptfon

about the ne¡ner l¡¡ lvhich these ecperirnents were carried. out.

Iwo such atternpts have been urade e¡¡d. Ín eaeh c&Ee a úifferent

asoun¡:tion wa6 made concernilg the pressure. ¡ilJ:ison *t 
"1.11

considerett that the L,auber¡gayer and_ çillian experiments were

perfcrrmed. at the vapour pressure, 'whereas r{ay et ,1.13 assumed.

a prerisure of 1OO nrn, the f ormer assrln¡rtíon is alnost certaial¡r

fnoonect. ltn altc¡nativE airproaph to e purc and ulnptE 6uess,
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is to exa¡nine the experlmental proced!.rre reportedl l¡r the prcviouc

p",¡*".43 llere, yÊ,pour density and ¡reaarre neasur@cntg rerc

¡nrfornecl. ln the sâJne allparatue on geJliun halLilea andl thc

¡elcvant ocperd-urenta,I faotora were aIL proper\r recordlett.

Even if the trieth¡rlaluni¡!¡n neasuremonts were ca,rrLed. out

in the same way, there are no Ercund¡ rt¡ataoever fq asdunin€

each experlment ree oêrrieil out at the ¡a¡ne pressürsr In

acLdlitlon, the ¡resarre prevaili¡g Ín the galllun halicle series

veríed. fron æcperi.ment to experírnent d.eternÍned apparently by

the vLciEsituiles of, l¡rôtviclual eamplJ.n6. ltnrs, ao do¡nndcnce

oan be plececl on erryr of the ettempted eEtinatiçns of f'(eas)

fron L,aube¡rgaJrer and.G{rlLa.nrs dt¿ta. Their resurta a,re gunmerl.¡ecl

in the following table.

Tenperature oC it¡parent tfol,eor¡tar The .åntolne equetlør
il'efuht

150.6

165.5

185.5

200.0

128.,

125.3

12t.5

121+.5

l.tgtop(rrn.) =-**e

whcre ¡ = 1625 enrlB =
10.784

the 2OOoC reaiü-ng ¡rae bellerreiL to be ln error bccause of

i¡srevenslble dl-esociation of the compounil.

IIay et 
"1.14n 

usfng I more noilern yalþur FresÉRr¡ê nsaeraenent
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technlque and. trlethyLalurnfntuur preparatJ-on, have fulþ cxamlneil.

the monomur a ftlner equll:lbrl'rm 1n the tcmperatrro range 6O'12OOC.

The tabulatect va¡nur presstrêÉ ant alJ'ehtfy hfuhcr tha¡ thoee

obtainerl by Laubengayer andl GtIlIam a¡rd a conp,nrÉ.son Lg shc,TrYI

þ thetr res¡Þotfvc Antorlne equetlona.

laubergayæ andtGlLLia¡n: loe1o n =#+ 10./81¡

Ilay et al.:

fhe clLaoøt¡tlcr ooûltsnts f,sr tihe cçf.llbrfun fn tbe c¿s n]¡q!¡c

beve beon rleto¡nl¡¡eô er¡ô are tebulotedl Þo1ow.

Toperaturo oc ru (nohe/lttre) x 105

4r3\

2.87

1.94

1.51

O.975

O.5l+2

The oeloutstcd. tlfrsooietlc¡r oonEtanta KU wcrr anell anel ¡horsô

thet thE nonoucr r*a onl¡r preaent at Ìrlgh ctllution. Und.s no¡mel

or¡nrfnentel oonocntration conctitio¡¡¡ (> 0.2 noloa/lltre of Af.2Sù6)

logro P = + 10.85

100

n
BO

7o

6o

n

thc ilLnc wa¡ thc ib@Lbs&t opoolcl.
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ttoffmen2E estabLishect the apparent moleeuLar Trel€ht of

trietþlalwrlnlr¡n l¡ benzene by the prlnclple of acliabatlo

cryonetry. îhe method, reLi-es on the determlnatior¡ offbeezlng

point depression of solutions relatÍve to solvent over a

wid.e concentnatior¡ range. It le a col.ligative property nøùhoil.

v¡Ìrlcli deterurlnes the rn¡nben of, solute nolacules. The moleouLa¡r

we56ht range of 229-196 wa.s ostobllshed for & colnentratlon range

of O.2-0.0051'Í. Iloffura¡r queriecl the Ic¡lrest corpentration

nolecular weight ( f 96) becauso of the olgnlff.oanoe cf orygên anè wator

jrpuritÍes at ewh oqxcentrationg. The results w6re eor¡rressedl ae

the rrdegree of pol¡rmerlsatÍm'r or trthe aepclatlon numboril andl the

author attemptedl to cornpatre this plot (assoclatlon number

vereua concentratíon) vrlth a similar curue for the benzoic aoid.

systen. llowever, the scatter l¡r the triettrylelum5niu¡n results

did not pernit the drarslng qf a srooth ou¡¡re, even thougb thene

was a.n obvious resemblånce to the benzolc acldl calLbration oüÍtror

Ur¡fortun¿teþ, the lntlivirlrral nolecular vreíghta usadl to oalcu]"ete

the degree of poþrnerisatton were not tabulated. 'o-/e have estl.natetl

these molecula¡ welghte frqr the 6ra,ph by photogra¡ihlc moartst

antl d.lsouesedl. then laten 1n this chapter' As iliscuseecl ln the

prevfouo ohaBtenrthe conplete kinoti.o charactericetlon d the

reaotion between trietl¡yJ.a'ltrnj¡1iq¡p êndl 1-octenc dÞponds on a

knowledge of the val¡e of KU. The relevant para,meter ls the
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equitibrium songtant (irr cor¡centration r¡nite) f or the eErilibrÍln

ín l¡ydrooerbqn soLution over the tenperetwe of our ki¡retfe

ocperi.menta. The difflculties 1n eetLnating even KU ln the 6ar

phase at Lsub€ngeyer et alo erilperi.mentaL ten¡nratures have e]ree{y

been dLsousgsd.. Âlthough IIqy et aL rèeults are good oortri¡netlon

of the earller va.pour FråsEure atu$r, ne consl"d.errsat 1t essentia]

to our system ts eatablish the eqr:lllbrtun itá'eeoelatlon constant

Ín the lLqutd. pha.sei the phase of the kinetio eræerl.nents €nil ilata

ws wlsh to ceroct. The gaa phese disgæl.atlon consta¡rt is not

relevent tq the solution equ{Llbriun whore thero i¡ a rptt ohar6c

1n the rnrmber of moLeculee l¡ the ctolohionctrlo pfoGosgr

ïn prectice, the appa,rent noleouler welght, whlch is thc

n¡mber avsrage noleeulsr relght of the spaoler of oonponrntl,

is eetinateô. The clqtree cf fltner d,ieeoclation can then be

oalcul^etetL end. frm thig value, the ðissocÍetion oonstant¡ K¿r

os follsws.

KU 1a cldlnçrl f or the e.{u{Ilbrlu¡a cquetio

it12itt6 .-i 2 tt].lll'

Nr.uber of noles of speoÍes (1 - $)n h.út

Conoentretlor¡ cf eeotr
specÍes (1 - ")c Zc..c

where c = Cde = the total oonoentratioa of eompound., ln aIL forms,



eetlmated. ag dlD€r = farrutrJ + !-[arutrJ. The aguare braokets

ddlne the aotual rnol¿¡ concenüration of the Dolcoular øpoolcr

Enclos€dL Îhe nole fraotl_ons of eackr lpcolea are

1-o

72.

antl
1+q 1+o

a 228.2 - 1)..CL=
ld rWr app

Thc noLer omecrù¡ctio¿s d dlLne Bnal ¡rosroner e^r6

(1 - cr)c

?Jr,

.'. Ì-{.w. app (apperent noleouter r6l€ht) = +# , z2il.z.îfr . r1L.1

_ 229.2
= Ii-;;r

1+t¡ and.

raapcotlvoþ.

îhc cË.r¡oolati.qr oq¡Étent for üra cErillbrlurn tr

?sa
1+o

itK =-
1-cr,

2lt{t a

A table d K¿ rrtth tenpøatraro oan bc oo¡etruotèd and, the llneas

relatLmahlp betwcen ttreEe two para,noters tectorl.

ð- -5
R

AH-

-sRT2

The slo¡n of a gre¡ùr of logro Ku plottcd, agelaet tho roofBrooel of
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tenrperattæe fn d.egrees absolute should. be a stralght rtne of

slope -AH/2.æ3 11. Thus ilris ¡nothocl provid.es a reaff oerculation

of the heat of dissociatioar pen ¡oole dlmer,

the ohoice of experl¡nontal nrethod.s to aa^fculate the nol,ecular

wei€ht of trletlgrlalurnínfi.¡¡n ls lirnitecl by: the natu¡¡e of the

cøtpound f-toelf , e¡r extreneþ reactive LÍguícl¡ the necesslty of

establlshlng the ligutd. phase Ku vithfn our ki¡retic tenperature

ra,n6e, and the reporteel vepour Fressure of tr{.ethy1a}¡minir¡n.12114

Initialþ, the three moleoular welght eetlnation nethod.s

ohosen were the isoplestic nethodl, a propot€d. nEthod. ue{qg prrtrr¡.e

spectrosoopy andl. þ bolJ:lng poÍnt elwatLon (ebultiomet¡y).

The isopieetic nrethod. d.epends on e non-volatire sorute, ao

the attaj.rnent of equiübrir:n pertial pressures ig fu¡clq¡nental.

This nethod wss reJected bsçeuse of the re¡nrted. volatllity of

trletþlaluniniun.

The irlea of ¡roton üagnêtio resonance , a,ð a nolooule¡ nctght

nethoò, wee clwero¡ncl f,r'on e tra.per h¡ E.G. Hoffnar¡.P Høre, the

non-esÊooiatr¡rg mononsic tril.nobuQrlarr¡nlnfu¡n anrt the strongþ

as ¡oo lat ing elno rt exo lueive þ èineto triuotÌqrlal"nl¡i.un rere

mi:recl. Â nf¡otl dJnenio apcof.ea forml, ita strræture d.etørlneè

by the rel,¿tlve conocntratf ons of fntttal rcagont.
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Schenaticall¡r ,

A1'rMc,
lBu

Atruet \
'1 

/
l,[e

u, fBu I,îe lBu '*""/ot

'Iolá' \*"u

'J¡.J. A1-t .å,1

lBu tB 'trté lBu

oupletcþ
nononcrLo

|1{nælç

As ocplalncô prevLousþ, the raplô nte of exohange at roon

tenperature prcvents the bri@ing end. tE¡slnal, rnctt6rl groups of

trfnetllyJ.aluninlun from showlng aeparete rosonaJ¡ce¡ a¡¡cl e atnglc

¡nak 1s obsenre<l Ln en Lntennetlfete flelet poaùtion. The rolatlva

lntenslþ anct pocltion d thls olgnal tlepenrts on the ratlo of

brddged to terüína1 metl¡rls at a,ngr one tlne. The above sohene showa

thfg ratlo to Lnoreaðe Eõ the trl¡nstÌrylalunl¡iun ooncentration i¡
the nixür¡ro ôeoroaaeg. the nett cffeot ob¡e¡nrerl 1g e cblft

dlcrwn-flgki of the cr, metl¡rl sfgnal end lts evantual dlsapBcerêhco¡

A sfnllar aftuat ion nlght oosur wl.th trtet$Leh¡nlnLu¡n. The

ðlner oontaina dx B.n.r. eguivaLent groupa, four tc¡ulnal a¡cl

two br1fuf,ng. ¡gefur tho p.m.r. oguivalpnc€ fs rhrr to the rapidl

rate of a1þl group e:cohanrge.

The erùe¡¡t of dlmer ôtsEooietlon Lnoreesee wåth temperettre,

rtth eorreaponðlng Lnoreasg j¡ mononer co¡¡çsttretlm, until at



75'

some h$rpothetfcal ternperature, onlðr noûloner 1a preeent ln thE

sarnple. The conce¡rtratl-on of, teml.nel etl¡¡Is rl11 thug lncreaee

at the cnpense of bridgLng etl1yJ.s. This removal of bridglng ethyls

wiIL pro(luoe a reô¡ction in el,ectron &nslü¡r at the alunLnfwt

and wil-L l¡ turn c&use a êecrease ln elætron dlenslt¡r about the

prcttons of tl¡e cr, netlgrlono groupr Thl-s electronic dle-ehleldLr¡g

should be evidffrt in p.n.r. spectra as a shift ttowrtrlelcl of the

i:"-CH, quartet, towardls the netl¡yL triplnt¡ i.e, & rLecrease 1n the

i¡¡ternal chenícal shift of tríetþla}¡¡rinír¡n. The lntarnal

cher¡ics1 snift (-O) is d.etri¡ed. as the <lifference ln ohErnfcal shlfts

of, the netlgrl and ncttgrlene group resonanoêBr The ohsrlcal shjft

of the metþrl triplet Ís the centre slgnaln end. for the mettgrleno

the calcr¡Latetl centre of the E¡artet group of slgnels (see tr'ig. 21).

In theory, the tenpæatr-re rnay be ral-eed to a poeltion where

no further reductlon ln -ô occurs. ThÍs woukl corres¡nntl. to

oomplete dissociatlqr encl the lntegratcd. peak area equivalent to

the monomer concentration. The graph d fntemal chsrical shlft

(-O) with temperatu¡'e shou-1d" be si¡usoLdal and. on exbra¡rclation

one should. sbtaln a va}¡e re¡rresenting the monomer -ö ' This value

cou1d. be comparecL with -ð obt¿rlnecL at low temperatures (-7OoC)

correslþntlin6 to te¡rminal and bridgír¡g etÌ,yJ. reÊqne.noes irx the

ratio 211.'4'15 rt is h-ishly wrJ;lkeþ that the complete dissociatlm

lLmit could- be attaj¡red, i-n practi-ce because of inter:vention of

i¡reveralbLe dlccotuposltion of the trl'CZ\ bcrd¡, Ilowever, sme
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extrapolatÍm prooeôr.ro nlght be applleil'

Àltcrnatlvelür the cErl.lib¡d.r¡n !.s o qroant¡ratj-on clcpentlcnt

aniL snl¡anoctl monouer conoentratiOn wlLI occur ln ü'lute sOlutl¡n¡'

ilgaln a plot of -ö v€rÉus a1þI oorpentratLon ahouldl also be

slnusoi(t¡1l. It may be poosLbla to extrapolate to a poaitf'on where

no fr¡rbhar redtustlon ln -ô ocours rrlth rtcorceae ln illk¡Er conoentnatlon'

ThtE cftrapoletadl conoentratlon sþoulä. oorrea¡nndt to rionomer alorÊ'

sr.marlei4, a value of Ku for the eg'rt].lbr-l'r¡m nlght be

cle¡rfWdl ln alnple te¡ms by the f ollowlng¡ the fraotlon of cLlmer

uroleouJ.es p ( in d1lr¡te solution) f-e given by

(-o) - (-o*)
p=

(-öp) (-6u)

wtrarc (-O) iø the obscr¡redl. internal ohonloal ahtft of the e1¡Vl

rpeoieo prescnt at a parti.cular temperatr^ro tr ooüôentrationt

(-ôU) ls the lnternal chenloel shlft of the auqrl e¡no:lea at

trtrtntte tcnpæatrre or dlJ.lution¡ L.er DoDoÚtri (-OO) is the

lnternal ctrE¡nlcal ¡hift of tho qf|qyl a¡aofcs at lowor teurperatrreot

1,.8. diuêf.

The equf,tlbrlr¡n ooncùa,nt at er¡r ternpenettre I'g thm¡

Although consLct6table approxSrnatlms, includln6 extrapoJ.atLon to
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hfgh tenperature or dllutionn noulcl be involv€al in an experi.mwrt

of this type, Ít wae cmsíd€red worth trying because it wes by

far the moEÈ oonveniEnt methorl. of attempting to neasure KU.

-Ihe eqtrfllbriun could. be measured. unaler conditlons oú hlgh

purity and. minirun hand15.n6.

the experLnentel apperatuo deslgned. to teat the above idsas

ie ghown 1n Fig. 15 and. ïrês evacuetecl to < ß-3 torr f,or twenty

four houtra. lho attaolrecl golvent brse,ks€als had. been loadacl.

previouaþ by rliatilllne ð¡y rrlivi¡g enclr purged. meaityleno into

a ðiapenoint våssol. This vossel waa aaalecl fron the nanÍfol¿

whlle ¡lrrlnpflg, each calibratecl breakseal f1llert to the nark

an<i. then ¡ealecl off frm the nain v€ss61o The epparatug waa aEalodl

off et the oonstrfotim, the triethyl^ahniniurn breakeeal ruptureel

ancl the alis/I elloryecl to fl¡w fnto the basc of the veeæl. Varylng

a¡uol¡r¡ts w€re poureû into êBoh o¡¡n.r. tube a¡rd the volumes preoent

oal.cul^etecL frcm cathctometer rneaeured helghte. Uaph n¡Erpr tube,

wlth J.ts acoonparying eolvent breelçeealr wd ae¿l.eô off, tho

Eolvent breakces.l ru¡rturecl, andl the ellryI i¡r the û.D.rr ttrb6

dlluteit to a pre-oallbratecl merk. åftcr ctllutlon oâ,oh r.ürerr

tube was aealedl offf a¡ô the p.m.r. spootra reooril¡cl as f,ollowa.

The spectrru of, the tnost clilute oanple of .å,12iÈt6 wss reoorèed

et lOoC lntsn¡als fron 6OoC to 14OoC lr¡olusfve. No epparent change

ln lnternal ohemioal shift occurred at ery atage.
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llach of the ei6ht concerrtretions of triettryl^elr.¡min:ium wae

measured. at 11OoC. Âgaln, no signlficant change ln the inte:ral
ehemlcal shlft ¡esufteð.

The oonclusion Ls that the ¡nethocl is insensltíve to the pooslbl,a

small oharrge in electrcnegativity or e ttclllutlontr effect. The

ru.¡mber of aluninium-cerbon bonds is reürcecl fron eight to aix

ff ecmpl,ete rlisgool¿tion oocure. The en¿ll charrgo ln

elEetronegativity et the a}r¡ri¡ir¡¡n atq on monon€r fornatíon

is rrdilutocilr cnon furbher þ fts d,istrj.butlon enongst threc

equivalent etÌ¡¡l groups. Thus the otran6e in eleotron densit¡r

about the netlgrlene group protoue appeers iaeigntfioant en¿l no

eppanent change ln lnte¡zral, ohemlcel Efrfft is the reault.

The equil:lbrilua ni6ht beet be stuðied. by veríable teroperatu¡r

"ê,127 broad-ttne Drrrrr where one would. bc noaguring the change

in eleatronegatlv5.t¡r where it should be nost narked., l.e. at tJre

o,'lt'ri-olun nucleug. Howgyer, sensitivlt¡r probl-cns ooultt al,so bo

enoq¡ntered qnð ln aclrtitiqn we had. no feoilfty for broadl-Iine

stuùies.

I.,rescription of, SeLeotetl Methoå

The tcahnique r'enal-nine íe thåt of cbu1llonetry, the

aôvantago here stlll befng the poaslbtltty of ðotelutning Ka

dfrectþ ènd ln the dþsfußdl tenperatìlre raagc. Iloworycrrthere wa¡ç
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two disadr¡antagee. lrietÌ1yl"aln¡al¡rí¡.¡sl is a difficult solute to

handle i¡ thie type of ercperi.ment becawe of ite pyrophord.c natlre.

;'rrgr elc¡nri:nent wcn¡ld. have to be carriecl out i¡¡ a eloeeô system

Ì¡nd€r an lnert atnoephere of üy oxygendree nitrq,en. SeconcLJ¡r,

the reported. vapour pr€sEuro of trietþl¡,\.¡ninir¡n 1e high

enough to neoesgitete oo¡rectionras an expenirneut of this type

requiree a non-vol¿tlle solute. No¡sel ebr¡lliouet¡y tg pêrformeô

i¡ a¡r open rystem ancl a knowLed6e of the barmetric pressure Lc

requiredl. "Any døriation frm etnospheri.o pressrarg can be aocounte<L

for with the boiling point ocrreçtion f'or e,a,ch Eolvenü.

¿t twi¡¡ EbulHoneter ryotern (tho euutUoacope) (see 1'lg. 16)

wlth resLsta¡rce matched. thenmigtæe as the two d.eteotin€, opposed.

atns of e D.C. ltlÌreetetone bríclge vyas assenbled. i'rirhe¡r used. wlth

gt¡itable omponenta, thla apparatua was aelor¡l"eted to prwfde

enough senritÍvJ.ty to measlre tenperatrne cllffersnces to greater

than o.o1oc. The cleoigns of ebul-lloueterg Ero narÐr and varledr¿t4-l+7

however ours t¡ecl to be norlifieê to e1i-ulnate the above èls-

aðvo.ntageo.

iieoh abullLoneton consLets of e boiler of ebout lp.O naI.

eepa,oity wfth a heating finger ooateù wfttr ¡¡owcleroc!. glass to

proririe bolUng rucløi and redlræe super heeting effeotg. Heet

ís suppJ,leð W two lcl.er¡ticalJ¡r r"eslsterce wound. heaters w!¡fah

proJeot up fnto the re-entrant fir¡€€r. A Cottrel-l. punp s¡nryð
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the bolling liEricl-vapor.r mÍxture over a thenniEtor (stantel Çllr

ilbeecltr typ"), the vepour filli¡g ttre dead. epå,ce above the llgulit

level a¡¡d aoncloneing i¡ the sídeam condpncer. The therpiEborã a¡E

con¡¡ectecl to t¡he D.C. bridge vie tur¡gsten-glass geeJ.s naking the

epparetus a¡¡ eIl-gleso sysùem. ¡l rnercur¡¡ nanometcr is conneoted

to each ebulllometer and. tho solute ebullioneter sorurectecl to e
tvro-sta€ê rtD¡rnaÌreon rotary oil di.ffusion ¡nrqrvie líguicl lt, coolecl

traps. The lnsuletion fæ each ebuJ.liornetcr conpriges an

aluni,niun box, paoked rrith roclcrool-, with a 61esr vlewíng port cut

into the front. Snal1 apertwee f or the therni-stor and. heater

leedls e¡e aIæ prescnt.

Ihe D.C. brÍtlge circuit (see Fig. 17) consists of a 10OO ot¡m.

ffurÊð resieta.nce, a Ce.rnbrídge Instrr¡nents O-11rO00 ohn. d.eoade

reelgtor ar¡cl the twq lnetohed. the¡'rnLetore. Cur¡¡ent to the ciroult

is supp];leô by a 1.35 volt nercwlr lla]-lo¡!¡ ce1l (n}l-{2R.) with a

"Speotrol'r ¡rrecisi.on potentioneter (Z l(onrn.) ¿s a voltage broaker

for j.noreasoil sensitivity. ltlhe clrouft was clesignail to eU¡fnate

erry s€tf-heeting cffeets j¡ the therntstæg.L8 Thts 1s a fu¡otiq¡

of the err¡rsot flowing through the tler:¡ntstm (watta6e = fä,)

which 1e kepü at a ninfm¡m and. the t,Lernistor rssietalce whlch la

kept ønalI conparecl with the other brlttge omrponents.

The gelvanomEter is e Læd,e ldor-bhrup Eleotronic NulL Deteotm

(lroael |Wt+). The output signal is chsrt recorêed vla a voltage
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broaker, by e PhlIlBa Ftt 25OO pen rraoorûca¡ The relation þEtwoc¡

resiðtå,mc enrl tcn¡nratune ls 6lven, to a¡¡ appnoprlete l¡vc1 of

ep¡rørfnetlon, þ the rel¿tloa¡

R=aJÆ

whe¡e R = the rcsista¡roe valus at ¡n absol.ute ten¡nrattre T.

A ancL B ero constanta for a glven thernrlctor sntl o i¡ thc baae

of th6 natrrret logarfthn (e = 2'718). The netohLr¡g of thcrmj,gt*¡

requlrea thet thefr B oonstanta þc apprødnateþ the geme ovcr the

neastredl tenBerettro range. îhe va]¡ra of B ruay bc fowrtl l¡ the

f,ollmlng rry. The roaicta^noE value 1s ncasurcdl st two

tenp*aturcs, Ti anrd. Ta.

.'. R1 = ¡JÆt antL R, = A.B/rz

Dlvtdlng I
(BÆ

1
ø/rz)R1

Ra

or ros R,, - loe *, = u(f 't, les c

wtrfch gl.vea
(bg n, - tq Rr)

a rl- - 1-r'T1 r z'

The the!ûL¡torg rore ínclivierally calibrated Et eaoh of the

boiliag solvent tenperaturee usirg the brirlge vrlth e flxed lO@ olu.

reaistanoo oubatltutedl. for the thermiste not beine meseurecl. fhc

roaÍat¡¡¡oe valuc¡ R1 antt R, vrere substltutcdL lnto the abwo
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reLation e¡rcl ¿ rsaooneblo agreenont wa¡ obtainedL ¡vith the B value

guotea4g for the G.1l¡ thennlstor of J.4 x lOJ k.
å6afn, the relatlonstrLp betvrcE¡r thc ratlo ef th*.mlstor

reel.atarnee antl tempereture íc:

tuþ-ut#-f)
oo

whcrqe R = ratlo d sol'vent thö¡Ðfsüæ r¡sLatancc to that of

eol¡¡ti.on tho¡mlatori Ro the sê.me rstlo ao R, but wtth both

thennigtors neaguffr¡g boü.Ltng solvent on\y¡ To = tho bo{tlng polnt

of Bure solv€nt fn degreec K¡ T = üre elcvatedL botltrig pof.nt of

soLutlon in tlcgrcea K.

Now the actlvlty of the eolvent (1) å¡ solutfon 1s eçel to

AH

r-- - 
tLrJ-f,-l

¡¡r a{ =E_ \E -Ti-/¿tTo

Tble rcletlon apBllea Ln the case of, a non-vol¡tLLe solute.

AH-- io thc nolar l^ete¡rt heat of vapour'feetion of the solventv.
l-

antl fe es¡r¡neô indls¡nnclent of ten¡rratreo over thc s!ÊeIL r.ange of

bof.ling po{nt cl.ervetim. Re ie the gar oonata.nt.

Thus 
AHvi. 

Rb.i = -EË= *E

Therno{yn.nicallü¡r ono heg to agErrme the Eolutions êre lèeal a¡¡dl

dllbltê. Thc R - Ro * AR arriL orBanilt¡¡g legerttltutr å¡r crc¡rceclon
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for tha nolooul¡r weighù of eolute (J) lc obtel¡¡e¿l.

M.
J

¡vhere n, le the ¡ol.wnt na¡¡ ¡ "J 
fu thc ¡oluto na,BÊ ¡ M, lr

the aolvent nolecula¡ re5ght.

,stokoa a¡r¿ pWÞ50 o"* rasponølblc for thL¡ clorlveticn

nhloh at¡ora e rLl¡eot neletLonehlp betrccn reslstsncc charrge

a¡r<l goLute nolcoular rreight. It Lc rËocalarlr to test bott¡ the

nolatlonahlp andl thc dflclency of our apparatut tn a pratJ.nlner¡r

oçer{.uert bdorc attemptfag any trlctfryIalumtni.rrn noleoular

rcfuht ¡tutllss.

Pre ll¡n1r¡arr¡ &rcrlaent

The twln cbulliometæ eppar¿tus rag tnttlalty ussct aE â¡l

opcn ryaton (open to the atnoepherc) fn 
"¡, 

attempt to meaguro

the noleoular wcfuht of para-tol"uidine,

the mate¡dals uædl re¡a n-heptane nÏJn:llabil rcagerrt 6reôc¡

p-toluldLr¡s BDH na¡alertt gf&do. Earllan ex¡nr5.ncnts he¿l shorçn

tbat aolwrrt bd.ffug was moÉt efflclcnt whcn a, volume of 35.0 nI.

of aolvent Fes pracent J.n the boiler. By eff!.olent, we lnfer

that a stcady ltqt¡dð vêpour strean ree peaoing over the thernlstø

head. c¡,ncl. the yepour was oonclsnÊlng onJ¡r fa the sldcarrn conüeîsotr.
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rhus J5 m.1. of solvent wa.s pipettedt l¡¡to the boi,lcr of eaßh

ebullloueÈer vfe the oond.enser antl thc heatera turaetl o¡¡.

Tho problen of seLvent super heettng wsÊ rrcö¡ood hy thc s¡n¿Ll

plæoa of grour(L gl¿ss sttaphed. to the boLler fhger¡ thos€

púovtdltng boü.Ltng nuslei. Onoe a rùca{y brtdee roalstanse belsnec

wao obtslnerl afüer appre(l¡ately a¡ hor¡r at the solrcet hoatc

lnput voltage, e lsoro wefuht of para-toLuiiLi¡.lc we¡ ednitbod. to

the eolute ebuJ.llornetor throigh the ooncùsnsæ. Sone thlrüy

ml¡uteg we¡ ellowecl to eI^e¡rse (to enawe renewedL equllibrf.r.rn

conditlone) befoûne a new bridee nr¡ll wes cstabllsl¡ecL TLre

reelstanoc f¡orcue¡rt ettrlbutedt to thp nasE of aol.utc ailnåtteil

ws,¡ then tabulateil. Repeeted. aclclltlons wetre perfo'mccl untll e

four-poJ-nt grapb of, reaista¡ee i¡are$pnts verst¡a solute weJghta

could. be (bawr¡. The plot was faund to be epproxlneteþ J,lnaar

ancl thc clate aooeptEdL a¡¡ô sr¡búti,tutcil lnto tùe ¡nolcoular rel6bt

equatlon cc tots,l reaiEta¡oc oharge rlth total ne¡s of solute ad¿e¿L.

D,ate S¡¡marrr

Ini.tta,l brlflge nr¡IL realgtenoc = Ro - 981.2 ohn. lf,ter

edltlltj.m of O.5l Bn. of p-tolutrlJnc, a now briðge null rea obùeLnci!.

at R.' E 996.6 ohn.



Á,ctcl,itlon of 0.1¡1 gn.

Addition of 0.f6 gn.

Âticlltion at Q,37 W.

By defiaitLon AR = RL - Ro

85.

R, = 1010.8 ohm.

l\, = 1026.7 ot¡n.

lIU = 10tr0.6 ohn.

= 59.4 olu. anrl M, = I .75 Em.

1.987 xrrlpOx 1OO.21 x981.2x1.75
a

a a l¡foleoular wefuht epperent =
7575x21.8x59.4

- 110.O

lherg êre several omeotione to be ¡nacts to tt¡.ta value åJ¡dL ars

out}lnerl ag followg.

A bolltng polnt oorreotion nust be app1lerl to tk¡e total

resLs'ber¡ce change AR (proporti¡naL to tenlnretrre). För n-heptene,

the oærectLon le o.OOO7o, 51 for each nlllfa¡retrê veriatLou l¡

the barqnetrio preasune fran /60.O mr. The preolslon te requfreil

for this ercperJment iLesned" tho cerectlon neglJ.glble. A more

j-mportent oonreotlon ls that for solvent-holdup tr¡ the vapour

spac€ above the bolli¡rg J:lquÈd. CsEbratlon of, eaah eln¡llloneten

showedl thls vapour space to be a,pproxlmateþ 1@ ml. By aosunfng

Itlcal condltlons and. he¡roe one nole oocupl.ea 22.4 Lltrøsr one can

oalculate the mass of eolvent hold-up and ¡ubtraot lt from tho

masg of eoL\¡ent dlslnnseiL. The hoklup naBB il48 calcu.l-atedl as 0.J

gm. a¡d the conractetl molecular weight of p-tol,uidfne 1s 111.4.

Under the contLÍtions enployedl, thls value conparêiL favourabþ

wlth thE theorotlcel noleor¡la¡ wclght of 1Q7.12. Errors aro to bc
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ercp€etedl. frm tho msùhoô of transf,eming the colutc fron the

refghing ]el^enee tnto 'bhe ebullLonatsf, lrer errorß fror¡ the

diaBenscdl solute Bara om¡nrecL wLth nce¡r¡¡sô colutô mêco¡

l{oocYerr tho prel{rntnoqr cxpertrnæü showccl thAt the essc6bly

of cbul'IlolooI¡G a.nrt bridgo ol¡ouÍt ancl ttetsctlon worlcedl Eetideotory:L\y.

Thø prellnln¿ry øcporånmt wlth ptolufdlt'rc choweal that,

wlth oa¡e, noleoular rcfuhts ooulrt be obtel¡oil uatag or¡r ¡sõbhor¡.

end ap¡nratus. Hororctr, fu aaditloa to tt¡e t¡ro noleoular wclght

oorrootlon¿ outllncdl prevlouElfr the vepour lrÊslure d trlctþl-
eh¡¡nfnÍr¡n hes to bc aooor¡utêð f cr. Hry ct 11.14 have quotedt

the d, ar¡dl B omsteota f or tt¡s åntotne equeùJ.on úloh relatea

Tapour p¡rsg¡n¡¡¡lr to tenpsrature.

1o810p=-ry+10.85
T:K

llpr¡oe thc va¡nur p¡acar¡rer of tri.etlrylshrnlnlr¡n at our J.ntendl¡il

¡¡caotlon tcnpcatu¡lc are tcbuLatert bclor.

îenocrotwo oC 
Teeour prc¡arrt (@.ì

125.6 61.6

110.6 25.79

98.4 12.70

8l.O l+,15
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mlCbt b ËLlil fæ ûhr æfüfu mtrSlL!.ftr.

8b gnoæ.r l$lFawæ Þ*rfe røErnt ¡st, !ûtnttü t*

aP-PT-Poo¡¡¡ttæ

r*¡n. r! ' tr¡r ?rü¡eu rrrogff¡r d ¡er r.¡Jd.
If Srmltrr 3.s nr etqçoq fæ s tsrslet¿:Ir roltntr, tþr ûet*.l

¡mrta¡rr orr Èh¡ ¡cl¡¿ä,æ Åc

Prol,,tt¡u - pf = *rpT (x, = æ3r fretf.otr d dûGt)

.'. aro". pT - qpT. pT (f - rf) . Ea{

-Ë.ür ñt* = th¡ lnro¡¡Eeüô XlF rærlr oüûqe *¿ x, s æl¡
Ml& ef rd.r¡Êo. Hwrg fer * æI¡ttb ¡al,uË'r P¡old'm

=4+92'
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1'hc obsergart nglroular rcights EtIt al't be tþoreasoal by thø

feotor ,#r. The equilíbrfun vepour ltres'urê of sorvent
Þt

at lts borlfurg polnt is Jú) mm. Ilsnee, tb fouaurlng cqreotton

faotors for the noleouls weight dcte¡m!,nErr. La a particurør

solvent rrylll hare to be srrplo¡mcl.

Solvent ¿gfH"" t"-"aËFt,rc (þ Co¡z'eotlon I'arrËc

n-octane 125.6 O.g1g

toluene 110.6 0.966

n-helrtane 98.4 O.gBt

c¡rcloherana B1.o o.gW

i,¿terlale

-

Trietþl^elunfaiun, obtaLnod. er¡cl purift'eô as ctreoribecl, r¡
che,pter rr, was reclr¡cecl, l¡to oaubreteel breakseels in a¡prod.ngto

r.oltunes of O.25 nI. I'ive breakseaLe Ìvero seaLed. into position q
tho solute abullíoueter as shoyrrn in Fi€. 16.
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lþlvents

( r) c¡rclohexane, Merck 'rtJ-l'Åiìr;ltr ¡;rad-e

(U) n-heptane, " tr ìr

(o) toluene, Unívar nrtna-Larn gradc

( d) n-oots¡re, llenck rtIJV/iS)Ltr rr

llaÊh of the solvents was preùierL ov€r oa,loiurn lgr&i.d.e,

deg;s.ss6¿l enð d:istilled. lnto a reoeivi¡¡g vessel wittr tluo

Large breakssa-ls preoalfbratecl lo 35.O rn].., ettaohed as

eÍdea¡'uls. ThLs vesscJ- was soaLeiL ofT whlLe puq>Jrrg,

t'he eolvent tf,ppeil to the na¡dr errd. eegh breakseal renove¿I.

Or.¡ce the two eolvent breekeeals e¡¡d breakers were gealecl l¡to
position, tte whoie epparatus a¡¡il lngr¡latlon waa asseûiblecl

a,nd cvacuated for ten hours. Ì?ith ùhe nal¡r tap to the pr.up

closetl, tLnr orygm-fbee nftrogen waa allowed to flow in (vfu

the lnlet tap) et a trnessr¡re to Gausc lt to bubble mrt through

the nano¡net.trs. This nitrqgen tres prrtflcdl fn the sa.rrio ma¡ur€r e6

ðestîlbeil 1n Chaptæ II. "åfter swerel ninuteurthe lnlet tap

lrae clo ¡atl a¡tl the gaa removad. by the ctif,fr¡¡lon puup untll a

reasøab1e rleôì,nrm wes obtal¡ecl agaLn. Rø¡røtitton of thig ¡nrrgfrg

prooedure oocu¡rerl aweraL tines untll tt¡e fi¡¡a,L sf.h¡atlon rac

thc epparatus f tll,ctl wittr a nitregen atnosphene. Ths colvent

breakse¿lr rere thon ntptr¡recl a¡¡tt the 1fqu14 aüøwc<l to n¡n

into the boÏLæa, ¡rlth a reaeonablo tl¡e l.apre sllowcù for cFainaga.
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The heater volta,ge rras turïred ( c1owly) to tfre precalibrated

bo11fn6 polnt vaLue ancl sftar allowlng sone tLme for egulLlbr{u¡n

cd¡dltlørs to be obtainod, the nu11 cleteotor and pen recoriler

vere tur:recl on. j\ pressure of approxfurateþ one atmosphefe

vras alwaye nafntalneilo as the expanrlLng nitrogen ercaped vle the

nenometer blonout. The preoo:re l¡ each yessel was alweya

equalisetl by tumlng the connectlng tep before ar5r reslstanee

readfngs wôn€ recordèdl.

il bridge mrL1 positfon was ileteturineil þ tumLnt thê teoedts

box to the bal¡¡¡oJng¡ resister:ße as indlloated Ì$ the rn¡Il ctoteotor

and. pen reoordæ. Thls resåstanoe rat1o ls dlesignatedl Iìo, Jfn

afiusted worklng eer¡sltlvlty waE e co¡nblns,tion of, nul.l cLetcotor

aensitivity, potentloneter. eortrolled briclgs ounent anrl tho

nllllvoLt ra^r¡gê of the pen reooriler. Once the rnrIl ¡resigtsnce yyas

r^ecordecl, the flrst breaksea:L of trlet]q¡laIr.¡¡¡lniun wag shattercil

and the alJryl al.Iowed. to r.trn down lnto the oondenafrag solvent. ,à

lurge tJ-ne lapse of one hour was aLlowatl. befcre nsasurlng the

new brldge null resLEterce R,,. "ûpproxlnately a haJ.f hotr ws¡

aì-lowetl for solute rlratnago andl an ealrlitlcsral half horr for

equiLlbriun cond.ltlons to be estabLLshedl befes aifugtlrig the

galvanometer acsenb\y to the b¿lsncl,ng recista¡¡co. The rcsieta¡oc

chenge wac attrl.buteit to the anount of solute in ifn Þrcakseal.

This anount was eetÍnated" on conpletion of the or¡¡erlnent by
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volumo oarlbratlon of the brea]<Bêa-l to the orlglnal ffl.leit letclr
Usual-ly, four f\¡rbt¡e a{krlsslons of solute ooouzreÇ rfth t}re

abøe me!ür€nsrt pnooedhrro repeated. ir¡ caoh o&sa, r¡nttl o flro-
pot$t plot of, rc¡L¡tanoo lncrcment ?6r&rt rolute necs oouLd bc

oonatnrotadl. rn oaoh ex¡rerLuentn for a parttcurnr aqlvent uacð¡

thls plot f,êc rôrsonablif lLnear.

The eppareat noleeular relght of the alnclel pneaarÈ 1m.if.**)
we,s oaloulatc<l ffroør the prulouoþ dl,r¡or1bcð cquatLm, henoe o,,

KU anil. an cstfunstler of fu hcot of, (lLoc ôtasoolatioûr AHU.

Table of, Ranrì.t¡
D *í.t*, Ku r 1o-

( nore /tlbe) ( mole s/rrtre)

1ì€qp. oc 
frn * ro5 DLllr

rñ

ÀPP
cl,

¡ütü

81.0

gB.4

110.6

1ú.6

2.82

2.@

2.61

2.51

187.3

191.6

1T1.5

176.8

196.1+

178.5

1þ.3

162.5

o.2?4

0.27€

o.359

0.402

O.1/.12

o.152

0.204

o.æ5

3.52

6.æ

14.Ð

21.9o

fr

rù rü

oomootcdl f,or aolvont holclup

corrgotod for solve¡rt holft'F aridt goLute volattllt¡r

The relattmshlp bEtwosr the equllibrÍuu <llgaæÍation costar¡t

anð teoperaturo fa ærproaacd by ttre ralatlon

1

toA
K 13-

¿
1o6tO + conat.
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/i 6raph of logr' KU versus the reciprooal of temperature J¡

d.ogrees ebsolute shoulð. be a sttaight l1ne with a slope = - a

[he least squarea slope of this l1ne produoed!. a heat of dlfuuæ

dissociatiq¡ = -12.6 kcal,/¡nole with a sta¡dårê error of

t 1.o kaaJ,,/nole, The teurperature dependenec plot is shoîEr i¡r

Fig.18.

DLscusslon of Resì¡Itg

Before the ¡ublicatl-on of llayr s recent paper, tLrere appearecl

to be sone (bubt on the valld.ity of Laubengayen and Gilllants

results, with partlcular rsfed'enoe to errors ln technLque a,rrtl

errora fn assumptions matle using tbeir data. Howener, confiruetLon

of thEce origtnat vepour clensíty and presours resr¡-Lto ie appareat.

There resms no doubt that triettr¡rJ.alumfuiåum Ls vo1atf1e, aLthough

the extent cleLnedl lg stíIl quesüionable on the ground! otr a largc

illfTe¡renoe i.n bofllng point ogtlnatLen betrveen the above authorc

ltAeoC) a¡rdl Terac .ÀIçyIs (ZoZoc), who prepa;r.e butk oanptes of

biet\r1ah¡minlum. lTe hove cøreoteil our rcgults for solute

volatiJ.ity uollg Hayt s rlsta.

Ât a given ternperature, tlære ls a 1ar1ge <lif,forsroE betwcen

the KU (g"r) caLculatecl from vapour clenslþr neasr¡renênts End or¡r

KU ( solution) celculetect fbon ebullf.ometrSr. It Is lnterestfng

to note that lf we aelculats the Êp¡¡afet nolær¡lar wcfutrt üc can

err¡leot flon t}eÍr KU eltf.nato at our rnaxf.n¡m oonosrtraùim of



-0.t, Log.Kd Versus K^

-0'6

-0'8

lo9. Kd

:l'0

-l-2

-1-4

-l'6

AHd( least squares) = 12'6 I l'}Kcal{mor-.
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K^x 103
2?
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triethylalunrlnf.um, thør a resuJ-t llttle tllfferant tha¡ the diner

fonma.l rnolecul¿¡r welght ar4ses. If we essune tt. ( sohtton) to

be 1o-J motes/tttre et our conoêntratíon of 0.205 urolesfltre,
.2

then sínee I{. = l9-g' , th eubstitutlo of t}re aboue valuea fnto tht¡ct 1-o _q
relatior yielits e dggree of dime cligsoolation of J.Ir9 r 10 -

a¡rd. a¡ apparent nolecr¡lar wef6Ìrt øf ?2O.5. Our initial- calibretlon

resul.ts wlth ¡rtoluidfne leave us confident that suoh a va,luo

lies rvelJ. outsi¿l,e the llke1y orror of our rloternfuiatlon.

It ís as we1.l at thls stage to consid,er the posslbl.e enror¡

in the two methocls.

IIayr s nethocl a¡rrl hls erssr:mptions as alescribedl a.ppear solÍd.

Â mlnor consf ilæetion drLch sL¡ou1d. be talcen i¡rto account wheu

exarninfng the results is the possible aclsorption of a nono-nolæt¡Iar

Iqyer of water on the fn¡rer su¡fase of thelr ex¡lerimental vessol.

'Ihis woì¡lcl consuue a sna]-l am¡nt of trlettryla"]¡¡alr¡â¡¡l whlch is

oeloulatecL as foLlours.

'lYe aesuße thelr veseef to be a sphcre of oapaafty 1@ m1,

In add.itícn we ass¡¡ne a water rnlecule to occupy a dlsoreto a,roe

of suîfaoe of O.þl¡ oqnare .tngstrorna, this area calaulatetl arounLng

the ratæ up1'ecula ls a H.ergLe of thc clrmmoionae

0

II

1.5h I

I¡{



9l+.

Knowfng the total surface arêa and "Avogadrors numbetrrwe can oaloulatc

the vreight of a mono-moLecular water J.eyer snd hetne the wefght

of trietþlaluni¡ium consmecl, whlch ic l¡.12 x 1O-[ grano Ehls

Ei€ht elgnlflcantly af,fect their lowen ten¡rerature ¿lata .

Thc tota,Ì erors l¡ our method. are quoteil as an elror of

! 'l U"nl/*Ie fn AIIU. These sre cþsorlbetl as follors:

(Ð J\n er.ror of i O.1 ohms. ln al"l resistanec raatlings; the

ltunttatlon herc Ís tIæ extreme genslttvity cdrtbitcct by the

gelvanourete andl the sna-Llest reslstanoe l¡lcrcment of the d.ececl.e

recisto,r betng O.1 ohmg,

(U) Ân error of I O.O2 nL. in the br:nette catlbratl.on of the a,lbr¡.

cg¡ogntretÍons.

Ther'c c€sms no dotrbt, unless thers is a oonccalecl syeteuratlo

error ancl wq hevE otrcoked. fæ this, th¿t we havs no alter.natfuc

but to acoept our rgsults.

It is posslble to malæ srr approrcinate conparlson of our

rnleer¡lar reight date with HoflFmenr"rz8 tÌr" on\r othen ecnrêsrsocl

phase data avalleble. By ohoosing ttr lowcst molcculat wefght of

his range (196) ancl B1ottlng t]e oortncaponding cçlllb¡{.r¡n cmstant

on a graph of or¡r log Ko vsrÊus l/fax, we f.l.ncl the Hofftnen poiut liea

below our entrapolater!. least squs¡es stralght lfuie. Jlgal¡r,
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+Kt¡
G

Kc ffû=
t+o +K

o

2=K
G

a

1

E2
a u

Nor llof,fÞatc fiDqgrec of Poþuer{sa.t1ætr er ñAaræl¿ttar NunbÐtt

Ís ogual to

@Lcot¡1ar n€l.ght obawc<t 2

nolsor¡Iar uetght rlxlnomcr 1+ )

a

o
þ +Ko

',Ve cleffule the varla,nce ln our rEsuLts ts be I ttr" rlifìlæenoe

fn our e:rtrepolatedl Ko ffon lÏoff@nr! Ko. By aubstitutlng both

3 aç^ futo the ebæo rsl.etlcr¡ ns obteln two lfnft{a6 ormes
o

of trDegrce of Po\rsrerisation'r vægus oor¡oer¡ttretíon. Ar¡ estíuete

of Hoffma¡¡ts pointa çe¡ then obtalneit by photographfcall¡r enla¡gtng

the publt eherl greBh antl ueùng a træelll¡g nicrosoopa to obtatn

tl¡e relatfve posítlon of Each pofnt to scale. J\ oonbirpcl plot of

ilof,fman rlÐqgreeo of Poþmrisatiqrd anê our lløltfng cr¡nres 1c

shorr¡ in ffu . 19. It oar¡ bc gecr¡ trhat our lfnits are sl,fghtþ

l¡eorrest, cspeoia,$r at hlg!¡ oøccr¡tratione. A @a,f.l olt*atton
ln the nunprloa,l yalue of t Att" wcu}l lnclr¡rle a.lt of the Hoff¡ra¡r

<!ata, howwer, the graph eufHoea to obow the agreeaont betryson th¡

two ml,eoular woight cloterulnatlons,
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lYlren couparl¡g llayra resulta and oìrr own, tt¡6r6 is a,

1¡¡¡1;lamelta.l tti.fferonce i¡ ths æpcrl-nental ocmtlltLqre usctl,

í.e. gaa phase verauÊ llc¡ricl phase estLmatlons of, KU. lhe

l¡relevanoe of, it. (eae) nhon appllecl to or¡r ktnetl,o rcsrrlts

mrst be emphasiaect. The ratlo of, solution qnd gea phaao

equtllbrir¡n oonstants it/li* csri be uto*51* to b" clireotl¡r

prrcportional to en antro¡¡r tòm, aatua.Ily a volu¡ac ratlo (V/f).

Vo is the vo}¡.me pæ mole of ælution; V, is ¡resumabþ tlre

molnr voLt¡-æ leaa tlp vo\:me oocuplerl by ttr noleor¡IEs thsrselvca.

SunmarÍ.sing, our ki¡lottc experi.nen'te( Chepter IfI) woro

performeil i¡r the llEríd. phase qnd. henoe we requlre tCU ( sohtlcn)

to co¡toct for ttre dimer Uissooiation posùrlatcrL by the

mechar¡lgur When oonparing cllseooiatlon conutant eatlnates ft'on

gas ancl líqutd phe,sea, one Brst csralcl€û entno¡y effects l¡

solutfon. iü'e har¡e no re&Bon to dortt our resrrlts et thls atage.

llhe ebuLliometric deterrnl¡ation was ¡nrfor:necl triJ.Iqall¡rm in e

theruogrnanic sense, wlth rospeot to colute volatlllty, but

ootrrocted. to j.<lpal beh¿viour of componentao

fhe on\r oourle of aotion open ie anotfrer Íarlepanôent

lnvestÍgatlsn of KU (solution) tV e díffetsrt taobnique tf poselble,

whlch may or nqür not confj.rm our efforta.
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.ATU},{INIITM MI irtrT¡ITlTS I1TIII N- I -O CTXN]I

ïntroù¡ction

Over the last few yoars, Ziegler Natta cetalysts heve bEooms

the nost witlely appliedl. cete\rst j-u tnårstria.L poþnerisation.

.A-lthou6h mar:¡r patents heve bee¡r lssueÇ the ceta|¡rst structure

¡'etains the baclo conbfnation of organometelllc-tra¡rsition neta.l

halide. The æganometallÍc has u2a.1þ been one of the triarqrl-
eluminiun serißg ancl ofÈen trietþkruninlum. Theee cata,þsto

are rensrkable fæ thelr efficiency ancl the rteeoregularity of

the produet poþner. Ilowever, th neohanlsm of the poþner fors¿tion

is not yet fulþ wrderstood' end because of, i¡clustrial and. acade¡nic

interest, nar¡1r intestfgatlone on the uode of actj-on of, Ziegler-l'latte

oata-lysts are ln progross. ¡lt l-east four mochanioms, eaph wlth

their eupporting expæimentar evlilqrca, heve been put forrnarô.

The connon unknonn i¡volves the identity of the aptive site or

ttre positiqr frou which tJre po$rner grows. E¡<oellent ,*lnt52r55
on the present ztegre-t{etta catal¡rst noohanLua a¡e arairabrs.

One parti.cuLar tùieory, the binetaLltc theory, fevsurs the

fonnatjoa of a bi¡notelaio cc¡rq)Iex betrae¡r afi¡.lutnir¡¡ anrt titaniun,
jot-ue(L by brtdgir¡g carbm bond.s. Therc ara t¡o elEotron tlef,lcier¡t

.¡II-GrTt bontLe, ancl tbe netel-earbon bsrtl ls postuletecl as the aotíve

glte.
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.å¡¡other theory urlth outsüancling electrÞn uicrogroph evicl¡uroc

fevoure the titanit¡.m eto¡n ln the tfta¡rlt¡¡l haltle lottl¡e aa

ttre ective site.

Bccause of the nu¡nben of theoretica,l ancl e:cperimenta.I

verfables i¡rvolverl l¡r a rate Etudy of grch e syotom, it appearecl

logf.eal to us for a prellnlnary lnvestfgation to choose a situp.Len

system, yot sinLlar i¡l conposition to the E5.glepNatta oetalyst.

By sinrlqr, wc acgu¡ae the eetal¡ret to be a oomploretl trfalJgrl-

alu¡nlntr¡n enil poctulate that rate data from thl,s aombi¡tetior ns¡r

throw sorne light on the rnælrarrLm of Ziqler-Natta poþnerisatlon.

The .{i¡rheniue para.ureters the¡nselves coulrl be a ugdul comparlson.

Åh:ninl¡¡n eJtryl etheretes are l¡rown to be otable conplexea

a¡¡d were ttre oata-\yst conbl¡ration chosen. Tho boncling ie a

direct resuLt of the electrcr defícfency of the aluninlt¡n aton

which attracts eleotrons from the oryten jn an attenpt to gafn

the clesir€cl octet oonfiguretior. Brownstein et a.1.54 denonstreteal

this ooroplsin€ by p.m.r. studiea on the trieth¡rlalt¡nl¡1tl¡o-

illetlgrlether rysùcn. they concluiLeö that tù¡e eLEotrcn withdrawSng

pofl€r orf, alu¡nl¡¡ir¡n in pure aluninir.un aÏryls is cl€creasecl rûl¡s¡

ooordLnate(l to tho ethæ. Ths eleotron donatlæ incroaEes the

eLeotron ctensis ebout the nstêt and. rleoreases ita tendlency to

strare elsetrone of the meba,l-carbon bqrô. lakashlr55 ¿o " atugr

of the rolea of elætrqr clonor oompound.s ln three compouent
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Zf e6J.er typc oatal¡rsto, usecl pomorr measutrems¡t to lnvestlgate

the omplæ forøetion betweæ trfetÌgrlaLu.mi¡¡ltrn anÖ verious clonoru.

Daph donor procùrocil onþ one type of conplex wlthlr¡ vd¡ioh tl¡e

electronegatlvity of tho alr¡nj¡ír¡n etom wes Lowered.. The eLeotrioal

oonduotivity of these oonplexeo Índ.ioatecL ionío stnrotureg.

Ilatacls on¿ fr¡t156 i¡¡ * s:imila.r inveotigation dselpped. ê

"baaf,oltyn oonstant for ea,ch donor¡ tle nunerica$r more posf.tf.ve

the baciclty oonotant, the strongæ ths oonploc fo¡med.

D¡e to the ef;forb¡ of the aþove wor{cers it ls apparent that

the eeee of oonpl-eocing Ls due to the folJ.owing faotorg.

(Ð The e.Lectrq¡ donati¡¡g abllity of the cùcnorl ê:gt the preoenca

of J.one palrs of, eleobona er the ease of oharge looa.Lleetlon at

a parttoular ?uI¡¡eraÞle poeltion in the ibnor.

(U) Sterie hinclra¡roo, or the ease of orLe¡¡tatim of both ctqror

snd Ln aooeptæ into a pooition i.¡r whLch oonplexfrg ls feasible.

S¡oh faotors are llluatratetL ln tho hcata of formatíon of theae

oomp1sres.ST IetraÌryüot\¡ra¡r reedål¡r oonplexee bec+¡se of the

p$crtrco of a¡ ex¡naetl o:Orgên aton arrd. ite lone pairs. The conplex

betreen trletþlafr¡ntnlun a¡¡ù a¡rlsole is weaker bcoausc of the

bul}6r phe4yl and. netþl groupo amcnurdl"g the clonor atcm whlch

reçtrlct olose epproaoh of the o)çrg€n snd s.lunir¡lum ato¡ne.

wEtotr5S obaen eal the adlclltLon of sa¡.I rnounts of suoh porerful

oo.Lvating agents ea tetratgrclrofura¡¡ on tenbtar¡¡ a¡íneg apoelerates
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pohrnerisatim ceta\rsecl by n-butyllithLuu. Severel arthor"59

reportetl tho atl.ilition of eleotron clørating eonpounds to Ziegler

t¡4pe nfxerl. eata$rsto, Jncreasecl ttre rate of, poþuerdsatiqr encl

iu¡rroved. the stereospeolficity i¡r the poþnerÍsation of r¡ oleffng

and clienes.

rls prrevioua\r erguocl, beeause of the oonplex sariee of

reactims 1n Ziiegle¡-Natta catalysüe, 1t 1s nacesaa¡Tr to obteÍ¡l

klnetíc jnfomation of tùre ¡ea.ctions bstween tríelþIalu¡oir¡ir¡ms

and electron donors es we].]' as traneitlon metaL halld.ee snd.

el,eotrq¡ donors. Ì[e ohose to atternpt t]re foroen of tlÈeee two

possibilltiss. /,11isonr6 Snvestfgaterl- tù¡e reaotiq¡ aysten

tnietl¡¡IalunfnÍu4/tetraftyùofr.ran/1-trexme, with T.l{.¡. ae the

o@rðinatin6 solvent ether. i(inetfc d¿ta was oelculeted fron

results of prodtrct ena\yeis by gas chronatqraptqr. Brief\r, the

reactlon nixtur^es of knowri reactant conoentrations were heatecl f.or

periods of tiroe, þrclroþoetl enè the prodrrcts V.P.C. alaf,yeed. I,ow

proôuct octene convetrslon exaggeratetl arry measr¡renont Bfrora¡

ilx¡reri-nentel csnditione and parttcularþ the meegurEns¡t technique

ðiotaterl the ohoice of T.IIJ. as the ooordi¡¡a¡rcl. The author

aÀmítted. sone dl.fficulty 1n obta:ining an al}ryI-ether adlcbrqt of

tn¡e 1¡1 mole ratio. To ensute atl tlþ trictlrylalrrd,nÍr¡n was

complered, ån èpprorci.nate 2:1 excess of ibnor was enpLcgretl lrr

res,ctÍon nlxtures. Allism ooncluiledl tt¡at sonc revisfon Í¡r

expcrinental tsohnique was Lnperetive l¡ orde to fi¡rbhen the
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qccuraoy of the nsasurenste

üle ooneldueal prqbon ns€nðtic resonanoa spectrosoopy to bc

alt apourate techniq.ro fuon prevlous rork and. ehoae to kLnertfca-lry

inveatågatE ooordinated alþLr/1-ootøna rysten by thÍs nethod..

Prtllnlna¡r¡ D:rperl¡uente

Introrh¡otfon

-

Inltialþ, wo tleoiderl to roinveatígate *iltrisonr s rysteu as

cloee\y as porslble, if on\r for the ssl€ of, conparison. Ilowever,

p-d.ioxan was uaed. Lnstead. of tetralSrdrduen ac the coordlnand.,

the f,orner befng å. no¡.e easiþ handLErl 15.S¡1d by onr lntend.sd

methotL

The caloulatetl electronegat-tvity of the alnnfntr¡n 
"to.r55

by the Narasb.i-mhol method6l ,u tnu ceme in both cunpJ'æces

(1.r5 untts). Therø yres a markeil d.if,ferenoe in the opaciflc

csnt[ætû¡¡cc, t]re T.I{.î. oonplex befn€ 15.3 ttt/am. a¡ril tlæ dioxsD

conplex o.1 ln/c!'62 Thig ùifflerenoÊ ån electrioaL aorèuotivity
j¡dloatea the ctioxa¡¡ oorplex ås oqtainþ less ionfo. p.M.R.

mea,aü¡rsrrc *,J5 ahowecl a 2¿1 mole ratio ompLox forms betwcen

trlet\rlalr¡nlnlu¡l and p-dloxan oo¡nperetl rrl,th e 1;l retio for T.H.F.

conple:ces. In acltlitJ.on, tlæ heat of oonplex fornetlon is -4,e.7 l<csy-

noJ-e oornparerl with the r"ll.F. conproc fornatlon va,lue of -14.0

koa/nole.57 rf we eompere the strusÈure of ttrc clloxan oomplox

Ar0t4o¿
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wtth that of free tríett¡ylaluntniun, ttre cüerlo hlndrance of

the dloxa¡t m the all-inportant .Àt-C boncl nay not be es lerge

as first thotrght. A oryøtal sünrotr¡re of, tùre trLæthyla.luntnlun

p-cllo:cer¡ oorp]."*65 shows the ¡Ll{ boncl. Iergth to be longe (e.oe l)
then the .LL-G bond, (t.96 l), t¡]. so, the Ìrybrã.rilsatlon sbout the

J\.1 etonr eppears to ahow nnore trígonal oharaoter ttra¡r tetraJoetFal.

I'he C-¡il-C bond, a.ngles have been l¡oreaeeû. be¡rond tetraheclral.

to 117.0o.

S\mariafng, fron the above conparlsona, lt would, appear that

our systeÌû shoì¿d exhibit a rate fesÈer tha¡¡ ¿Il.ltsonrg and e

rate not too rernovecl frm the pune qysten.

Ì,iaterÉ.a-lg

( u) f rietlsrleluninlun, 1-octene ancl bsrzeno rÍðre obtalnecl a¡rrl

purifÍ.e cl. as ¡rrevfous\r clescribecl..

(U) p-Ðioxan: Univar il'Lnala¡'tt gratle dloxa¡r wes initta[y dried.

over oal.oùu hydricts an¿L dtistllledl. on thn vaprnrm line l¡rto a

lecelvlng veaeel- containllg soðLum rrlre andl some fluorêrrorr@¡

îlæ colution acbpted a cleep yellow oolour due to ths fo¡nation

of the lon pair specieo $a+ (fluorenone)- ¡y cha.rge transfor. îho

ion pair is solvetetl by ths clioxan a¡lð the prerar¡oe of the oolour

l¡tdj.cated that thc aolvant purity wag nal¡¡teJneiL å. uore ctetall,eit

aecount of thle purlfioation 1s by T.&ì. Hqgen-Esch ancl J. Smld..6tl
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Prsparation of the Trietlrvlalu¡tfnir-¡m Dloxen Cono]-er

ï'.1¡1.R. meaaurement"55 had. strown the aooepto:r-donor ratlo

of the oornplex tq be 2:'1. I;'or a prelLrninar¡r experi-uent it wes

deci-ded to prepare a complex of thj.e stoLehionebry wlthln en

rt¡Itl¡rr tube ancL tJren dlctit in the 1-oldl¡ a¡rtt relwant prrore

marker. The n.m.r. tube was init{q"lþ ealibratecl to a volume

of 1.80 m1. ¿s a concs¡tration cheok. The apparatus shown f.n

FÍg. 204 wa,s pumped out at < lO-J tær for ter¡ hours. tï1th the

gtreaeeless tep to the manlfold" cLosetL, ttre alþI breakseal was

*techecl enrl the llquicl a.llowed. to rru¡ fnto the baae of tle n.n.ro

tube. The lniti"e,l ooncenLrotlon of trlettgrlaLuml¡1um was lorown

beodrse of the ugs of precalibratecl breakseals. lhe d.lr¡rencedl

411ry1 concentration was re-checlceit frm tJre height irr ttp precf oion

bore n.m.r. tt¡be. The correct vol-r¡me of dloxan was ctigtílleil lnto

the tube to a oaloulated. height. lJeoauee of the difficulty of

ùtstiJ.ltng âoourateLy¡ a ver¡r sllght etccess of donor was a.Llowed

to er¡sure al.l the afþJ. was oompls¡redl. thawl¡S of the mixture

was *Ìowl¡r controllerl because of the reporbecl heet of corap1exJ"n6.

h clear solutfon resüLteil rqith no sign of any orystal fo¡matlon.

(atrvooa .t ù.63 hsd. obse¡nrecl crystal foløation ln their preparation

of ttro trimetÌgrLalr¡niniun dloxan conpJ-ex.) /l¡not¡r¡ts of n-1-octene

end benzenÊ ês ên n¡troTr marker wefe distlllecl Ln, tillutLng the

mlxture to the Oallbrated volume ctr 1.8 üI. The tube waf, sÊaled.
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off et ttre congtriotion and. t&e lnttial. tJ-ne p.n.r. epootrun

reoorrledl (nrg. Z1). The Ímporta¡t f eatures of the speotrun etrst

(") TIre look olgnal wes the benzene singlet - ofïaot to 8.35 poprÍt

(5oo c.p.s.).

(U) Phe olefin vir¡yl region was olesrþ recorilod. wíth all pealsa

in their nor¡oal r€ËGrance positiono.

(o) The large d.loxan peaic at 5./ prporno was dwoid d ary ftne

structure, whJoh ml€ht have l¡dioated. the presence of both fbee a¡¡il

conpleoreil fotms of clioxan. This ie unDkeþ however¡ as Tekashi

had. skrown the ligancl exchange betwoen free ar¡d. oompLexed. fo¡ns

as rapÍcl. On\r one type of sígnal shoulê be obae¡secl, corespondlng

to the wetghtotl. neer¡ of ôcomplex *ü ôff"". (the ohenloal Ehlftg

of flee altl eomplexecl clLoxan.)

( a) The 1¡rternal chenicel sbíft (-O) tøtween tlp triøtfyla.lunlnjr¡s

metþrl entt møtÌ¡yIeno sþna-Ls wae l¡¡oreasecl lo 1.ñ prprrlr oomparetl

wfth pure elþt l¡ benzene (-ô = O.77 p.p.m.). ThLo complexocl

shift compareil favowabþ with valuec obtal,ned by other workcs
.55(Tekashi -1.23 poprnr; Ïlatacla "t "L.56 -1 .21 prpom.) r

Tlte oanple tube waa heatecL for e totel of fifty houre in a

ttrerrnogtattecl oí1 bath at 1O5oC. Speotre were recordecl at the Brobe

tenpereture (z9.OoC) on severql occeslons. Ilowwer, no chaqe

ocourred. 1n the eppeararoe of the slÞotrun anrl the olefln virryI

integral !r&s nunertoally conparable rrlth its lnltiet ti¡no v¿lue.
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Íhe aonclusion of no observaþle res,otlon i¡ contrary to

Âll.Leonts rcEults, where a meaeurable rate for the I.H.F. rygtæ

was recordcd. 0n thie baeis, Ìilê AiA o4)æt Bqne r@aoùjon. For

the oldln to approeoh close ênough to tlæ ¡tI-C boncl (one

neohanlen) to allow atld.ltion, tt roar be neeessar¡r to ovsoøe

the eurergy essociated. wíth the heat of amplex formation before

an ed.dltíon reaÊtÍon osn occurr The fact that no rÊa,otlon

occurrecl wlth dioxan whereos sn obËdrvable rate was reporte<l for

T.II.F. J-s aurpriolng as the dLoxe¡l oxanpLe ùouldl be more fevouredl

therrnochmtoally tþ¿¡1 f ¡I'I¡F. The lnhi.bitir¡g faotor here corld. bc

stertc, bú thLs seems unllke\y a¡¡d ùr fact the ilioxa¡¡ complex

o,ppêars sterloally more vulnerabLe to the approâDh of an ootene

molecule then the T.II.Iì. ootuplorc.

In other uorde, tf the cmrplexecl addition nechanisn requlres

the replaoeurent of eoorðl¡rand by the olefln (ffuanO occhange) , a

considerabLe L¡¡crease fn the aotlvatlon energy should. rezuIt.

It nay bg in our case, that the complex lo strong er:ough to

resist the e;çerinental oondLtions¡ t.e. the reectlon faíls to

alear the kl.netic Ì¡u¡dlE. 0n this asotlnption, it was d.ecictscl to

seleot a coordl¡retlng ether with e considæab\y lower heet of

complex f crmetíon vrlth triettsrlalurInf.un.
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Dlphergrlether appea¡s guitab3.e, rlth a AI1 complexiag of,

-2.f kce]l/øor"?7 DipherSrletlrer, B.D.LI. a¡eIa¡ grade, a solíd. ¡rith E

neltì.ng polnt of, 28.000 ras purifierl. by illatilletiq¡ r.¡nd.s reclucEil,

preasu¡e, the vepour sondenslng as glerry noocl1e-like orystala.

ï{ogt ethera are prþno to tho fo¡patiq of dangæoua perwi(Lo

J.npuritieo. Tbe orgellc meohanisn of, pæoxfulc fornetion reqnlres

the proeeræc of a þclrogon ou the oarbon qton u to the oggeno

'r'ú1th dtpher¡ylethor, no ouoh tydrngon cxigûa. The purifiect eeqrLe

wee storecl. l¡ vaeuo ovs eiLiea ge]..

Stoichíonetrloalþ, tlris ooryllex weg asú¡¡ûeè to h¿vc e cl¡nor-

acooptor ratlo of 1¡1, this ratl,o be{ng provcrl later Lr¡ the ehapt*.

'Ihe epparatug uesð l¡ thls preparation La ahorn¡ in lðig. 2OB end.

contaåns eE a staleÊrn a oatlbreteô breakscaf of tntetþIalwrinl.um.

Initfa.lþ, ¿ oaler¡lated, mass of diphøryløthæ that wor¡ld result ln

a sl:lght equÍnolar øccess to the af\y1 ooncqrtration, wao teêighedl

into the yegsel- ba¡e. 0n soallng the ve¡ael beck onto tho nentfoLdl,

it ras punpeô out to a pnessure of a 1O-] torr, lhLle olmrltaneoue\r

ttq¿esfuig tho otÌrer. The elbrf breaksoal raa ruptu¡retl. and tts

sollcl. ethçr in the base elowly tlieeolvcd.. Degasretl 1-ootene wag

dlEttllett fron en s*tænal source lnto the grarluatcil, alcl¡a¡t. ""fith

the nal.n tap to the na¡rifoLù olosetl, O.5 n.1. of ol,efi¡ wes ctistÏLl,edl

onto the complex. The sliLoa¡t tap waa oloocd¡ the contmts of the
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vessel base frozen with IÍE¡id nitroger¡ and the Bpparetus asel¡

punpecl ogt to a roasonsÞle veOUu¡n. .â, s¡n4.11 a¡ount of Cycloh$ß4net

BB rlrûerr [¡arker, wag disttlled. j¡to the ¡nixtufe a¡¡tl the veqsel

final}y seat.ed off while ¡rumpíng' 0n tharlng, the eontenta werc

thorou6h\r nåxscl arrtt tip¡etl into the n.n.r. tube¡ which waat

in turn, sealocl off et the constriotiqu.

Ths zErc-time p.mrr. spoctru& rac recoriloô rith cyoLohexâne

as the lock slgnel at 1.1Ð poprmr (ffg. 21) . 'Ihe netho-d of

racof4{'.g the speotrr¡¡u TlÊ,s to soÊr¡ ta both up end ttcrn-f,lalcl

di¡octiong fron oyclohÐrèr¡o. Dormfieltt rene the u$rel 1-olefln

vlnyl peaks wlth e oonplec ctipher¡yl.ether aÍ6ns1 et 7.Ð p.p.m.

Upflelfu the ffi.Ethù¡fÊlr¡nfr¡lr¡m into¡r¡a-l chælcel shlft (-ö)

waE f,or¡n<t to havc Lnoreaseð fron O.77 prprnr (pr¡rs a.J.lqrl) to

0.$J p.pon. åtein, thLe value was iro agreæent rlth t"he lltæature
56

reported. valüe fæ the ssne eotplex.

The sam¡rle tr¡be was heatett l¡ an oll batb oor¡trollecl at

10o.oo0 for ttrirty hor¡r¡ ar¡cl the prnore spêGtrun re-moeÁrrscl on

coollng. Thc preaeræe of the f,o¡nltlar "procluot olof,in" sln616t

peak grorÍ.r¡g alor¡gcidc the dooreaseil reêotant 1-octene triplett

indtoeted, lmecllate$r that so¡ne rasction haËL oÇcr¡rtrecl. By

oouparfng the tntegrel ratios

IntclIr=

Int^ ,. ..
UcL cl\o
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at zeno-tLme ancl thtrty hours ft was apparent thot about lol''

of the 1-ootene hecl been conÞumed. The p.m.r. ehanges agreed.

in evcuXr wqy wtth the structr.ra'l ohan6ea aocoru¡ted. for f¡ the

reactlon in tydnocerbon solutfon alone (Chaptæ III).

Swmarielng the prellnina4r experlnente, ùtphergrlethæ

appeale ¿6, ¿ trmorkaÞlem ooord.fnand. lhe reêction, eLther by

ö.reet Ugand subditution of the coordtnanrl by 1-alkerer or

pråor cllreooiatl.on of the corFLøc is by no noans ao thermooheuioall¡r

r¡¡favourable ag in the coee of ôtoxar¡ a¡td [.H.F. In eclôition,

the Lowest kt¡retio rur teuperature should be lOO.OoC.

Estab}lshnent of the Comp1m Stoichiomatrv

InbociuctÍon

-

The reBorteê stolohLonetry of, oonplexe¡ of tria,llfyla.h¡nfuiir:.ua

with rnorofur¡cttonel ethere Ís 1:1r55 
"ræ.pt 

p-dlorran (a, ü-
fr¡nctional ethc) whioh fo¡:ns 2:1 oonplêrË€a. It naa felt
necscssrlr to eatabllgh the stoÍchionetty of, thE triett¡¡lalwrinLuæ

èiphen¡rlether crnplex beforo prooeed{ng rrith arry klnetlc work.

Ihe novel prtnrrr speorüroseopic nøthorl rtøvelope<l lnvolves the

intornal ohsica.l shft (-6) wtrloh lp usød es ê conver¡ier¡t pars,nêtcl

for the lds¡tifloetion of oomplex fomatlon. In the reaetion of

triettryIalunlniun ¡yith varlouE clonating ethcro¡ the lnterne1

chenice,l sttift rleoreases as the uol,a.r ratl,o

l'Donorl

-

[Âutr]
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lnercages. By cleoreaoe, we lnfer a nr¡me¡LoaÌ ileorcace, at 6 ie

alrrya ncgatlve t¡ thls Bens6. The negativl.ty la cxplafnecl ln

teens of thc Naraahlnhan reLation6l

Eleotronegativity = 0.62 ô + 2.O7 .

In trlelþLalunlnlt¡¡ns, the aleotnonqatlvLty d thc alrmLnfi¡¡n eton

fs alwaya < 2.O7 andl hanoe 6 Lo negatfvc. Thl¡ ørpl,alnc the

f¡ver¡e orrlæ of nctlSrJ. ancl rnettSrlene grouB rcsoner¡ccs ùr

trJ.ettqrla1unl,nlr¡n. That is, the netlçrlure protona e¡e moro

shiaLdtodL than the nøtt5rl probona enel therc orc they reeonate at

hlgher fielcle. Tlæ dl.eorease ln ô TrllL csêea e¡rô beooroa oonsta.nt

at thc mole¡ ratio w?rloh oorreaponcta to the aompler ratio. In

aIL ocan¡lLee, the eonstancy of -ô after en lnftrat dæreaee,

indioetes the quantltetlve fomatlon of on\y one type of complex.

An lnteroestlag sl"tuetlm erlses wtren nettgrLmetha,o¡ylate Ls ueeô

os the ttrcnatlng r¡noLes. '.'fo¡*ers65 have f,sun<L wiclerpo for the

presence of both l:1 and.2:1 aflyl to ilonor oonplexes present,

cùepencllng on the molg retlo.

ibmerl¡nente.].

-

The nethod wee cleolgnedl to obtal¡ e varyfng clonor eoocptor

nole ratfo by kecping thß al.Içyl conoentration appro:d.nateþ oonstant

arrdl alterlng the rllpherSrlethæ oonoer¡tratLon abovc ancL be.Low
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equlnorar. The desire¿l ratio range waa from 0.1 to sonething

l¡r e:cccss of 2.

lhe apparatus contains talaeoffs to eight nrrr¡rr tubcs,

each v'rith their accompanJ¡íng sorvent bree,tcgeals ae ü-tube

sidea¡ïnsr Eaoh n.n.r. tube ¡ras calibreteô to l.Bo nl. and e

lcrown, but var¡rlng, weight og ¡iphen¡rrcther adclcrt to ca¡h tubs,

*lfter sealJ.n6 cEch tube back l¡to ita reepeativc takeoff , the

apparatus wag punpecL out aniL the ether sa^u¡lles clegassed. seveu.at

tlmes. Oncc a reesonaÞle vacuum was atteinett, the apparatus Tras

sea.led of18 frnn the manLfold. The alþr breakaeal was nrpturetl

fn the usual namer a¡¡d. the u.Ertd allowsdt to por.r Lnto the vessel

base. By carefirl-þ tlpplrrg the calcnlatecl voru¡ne fnto es,ch tube,

one eould obtain the clesl¡ed, donor-anooptor ratio. To cLerLfy

the tern ncaLcr.¡lated voluner¡ rûr estlnate of the height of

rlipher¡rrether l¡¡ ca,oh tube was obtelnecl cù¡rir¡g the clegassfuig

operation. Knowing thg bore of the Ír¡m¡Fr tube, one can oalouletc

the vorr¡ne of aLlqytr requj.recl fcr a partlcula¡ retÍo. Natwa$r,
the tlpptne operatlon was not alwegrs corrsct, but mi:rtureg were

obtainecl near enough to those destrerL "tr¡ estir¡ate of tlre f {r,al

stolcblonetry wes nerle from the fntqgrel retLos of the alþl anil

ethec.

¡lfter seaLtng eech tube anrt solvent breakscar ofr fnon thc

¡nel¡ vesgel, the tube rolxture ra,6 rD.rutecl to i.Bo m1. by aùlsslon
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of oyclohqrca¡re fYom the ntptureil breakacal. Eaeh *llletl rl¡Iltoro

ttJbe wa¡ sealeil off and the relaùlve prrnrrr øpootra reoordlecl at

the probc tenperattre.

fn genøal, the spectra of sarplea Trlth a donor.apcc¡Êø

ratlo a 1 worc oonplloateê, horvwer e reaeonaÞLo csti.nete of (-O)

couLcl stlll' be madla. The æror fn -6 Ìras &ccoptoil ag ! O.O1 poprpo

TabLe of Results

Sanple No. Mole Retio -ô Íntertral (c.p.s.) 6 hternal. (p.p.n.)
D.P.ß.hlw|

1

2

3

¿+

,

7

I

O oll¡

O.2,

o.4t

O165

o.75

I .lrlr

1.75

¿Þ7.0

48.0

50.5

52.O

53.o

57.Q

57.5

46.0

{.79
.O.80

-O.84

{,87
-o.88

4.95

-0.96

4.77pì¡ro Â12$t6

fhe speotra of Bovera1 of tÌæ eþove retfos a¡e chovtr in Fig. 22.

the graph of fnterne,t ohenfcql shlft (fn p.p.n.) veraue D.P.IJ./llSt.,

rnoler ratlo Ls Ehown ln Ffu. 25. The graÈr ohanger alope marlcedly

at ebsrrt e noLe ratio of 1.0. In faot, the two interseettng dottedl.
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int = 0.77 p.p.m.
AlaEts

tn
Cyclohexane

/

int = 0.96 p.p.m.

I
6 ( p.p.rn.)

1.
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Ilnes strow the approd-mate theorcti.oe,t ou:nrc for thc formatiqr of,

a 1z'l ocmplex lríth a frnrf,!4 htgh stabtlLty oonstent Kr. In

adtdlltfon, our value of (-O) et the equlmolar ratfo ågreeË aJ¡rost

exactþ wlth the value obtained by llata<ile a¡rô Tr¡kl (-O.92 pop.$r).

In eonoluslon, the etoiohlonetry of tho oonrple'x is un<þubtEdly

1t1 over thi.s dlonor-ecceptor ratlo¡ although K, f s obvlouely not

very le.rge.

I¡ormation (K )

-cÊ

Introductfon

Pnoton magnetf.c reeonance s¡rotnosootrÐr a¡ê the arbocquent

treatnent of resul.ta has often been u¡ed. to evaluate equll"ibrfirn

consta¡ts of complex fo¡:mation. the prercrylsite for the

successful lmpJ-ernentation of the teohnJ.que ts ttrat lorne speottral

psraneüer of one of the reactarrt speciea strou3.d be modlf íedl as a

direat reeult of oomplox fo¡rnstlon. The mogt ôucoescfuf- applloatlon

has been ln gtucLies of t¡ycbogen bondfng or very weak oonplexlng.

Ilowanæ, ee,oh lndivlðua-l mathenatLcal rtælvatlon of Ka Ls a fìrnotion

of tho condltLons of the e>cperlment. That ls, nost rlerl-vatlons

assume equlllbriun ieleaL dllute solutions usualþ wlth the rlonor

preseot ln lar1ge E:Eoess.

Ilence for a donon-acceptor equll.lbrlun
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.q,+D:rì JL...D

hmwæ [o] t> t¡l

(a-x) ( e-âc)

2 aIStr.PhzO

[c]=c

k.

o

her¡ce K
o

Unf,o,rtw¡eteþ, our e:çerdnental esnrLi.tlosg wcre guot¡ tt¡at

no eng.s¡ clmor aerunption ¡youlcl bc valLct. Henog bot]¡ clæor and

acceptor cqulllbrluu ocaltoortratlonE herl to bo tekÊn lnto aooor¡nt.

StolohlonetriaalJ¡r, tlro compløc fornetlon nod.etr i¡

üeÉt6 + 2 PbrO

= JÁP.L a¡rð Eo on.

tnltia.l. oonoentretl.ons are t\] = a, [E]-"

[¡]

e gulllbrlun o ono antratl.ons
atro

t
a K 1g ildfncdl asc

l,cl2,

( t¿14 tcl)( tsl-ñjlz

Now t.l.c obscwcdl oh¡mtoa.l ù1ft of the a'Utrf othyl 6roup åa a

f,t¡¡¡Etlon of the protonc a'f thet group prescnt Eithar eg frec aJ.\yI

cr conplcxåal eLhrl,

i.e. -ôo¡s = f(f,ree el]ryL protona + oø¡rrorodl allvl pnotona)

t
n

= -i--n+nao
5
a

6
J
a

or -ôob
0 t 6



where -ô

etÌ5rl grou'
ô

- ;9 - * = the ertrapolated. lntern¿I chcnl.cel shtft of ths oonpJ,cx
a

ettyl grülp.

Ágain, ttre nr:¡nbs of protons of a partJ.ouLar ethyl group

speciea wlll bc oqu5.vølent to the oo¡roer¡tratíon of that spæies.

IIen0er

l lcl

ct6

a

- = the obseryecl i¡ternaloÞr

sanple

n_ - the number of, protonc
e

n^ = the numbæ of, protons
o

- 0 = ttre lnternal, oheml.cal

ohe¡ol¡al stÌlfü of a partlcular

¡uerent aa AlrEt, atlyl protæa

tr)rssont ac conpla¡ etlyl protona

rhffü of thê purc .ÂlAEt6

114.

ô .ô +Pur' 6[a] + )[cl oonplexa 6
obs

(o anrl ô'-purr ---- -oourpløx

respectiveþ)

ôô
are eqtrivelent to - * - 0 a¡rl - J - *&ê,

a
ôaa obc

a
aa

_ 
ah] oo*. + [c] ooororo

a[nJ + [c]

or e[¿] ôob¡ + [t] oooo = z[a] un*" + [c] ôoom¡,ror

z[å](6ous - un*") E [c](6cornpre* - ôour)

ô -ôoba Dure
aa A

a

'H+
i.oooupLir [ì ob
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Ia tæ of cqulllËnl.ua oonoøtrrûlcor

t\= ..#,
2(æx)

tsbo oql'cr oonosrtrrtú.o, 1¡ nsr Ê f\¡¡atl,æ of lnt¡rrr¿l clræi.oe.l

åffü ratLo ana! t¡ltl¡,I qLryl oøoa{retåon.

At tlr c6d.uof.ar oq¡ocrdrattou¡ of dtphcryJ.attr* urd,

frlctJSrl¡rumtr¡p cr Effi@æ¡ lrtr *rcn c = 2a

b?

a
ôa

no¡r Soo aborc

a
la t¿s

At-ôr.r of ,.åå

(e-xr( zc'ùJ
K

2o

X!: TIb
2

lÁ¡-ì
i1+¿l

1¡8o KO
è

r.hen c / pt trÈ* =SCL =ã-;;=r,"*?o

frat
a

e
aaôrsstnt"tft
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^22=+ i \1 -ftit* -Tä)t
( i+¿)'

=ffþ r Jtfi)t*#F¡¡¡'

I ¡2(n*t)
aa K

e(a + (r-1)a)2

¿gal¡ A tc ô.flnEtl aa a ratio lnaor"¡ronrtlüt an crtrepolatoit val¡¡e

of the eætrr1cx fnturnal ohemlcaL shlfË. Ths oaloulatedl veluc

of ô--*'-_ La -0.972 prpor[r Subgtú.tutlo¡r of thc oor¡rcu¡nncË.ngcgEP¡æ

velue¡ fe A, e a¡dt r for eaoh (-g)ob" 
""*td!ô ln the abqro

relatLon fe K. prodlwott e rreÊn val¡c Eo = 52.7 I te.o lltre np16-1.

Tho rather largc cterilaril æror res ¡ttrfbuts(l to trc data polnta

out of a totel of gsyon. If one aørEtclcrc a lccs varla¡¡t

populetS.er of ffvc polntcn the ncr Ro = 53.9 3 6.0 1ttrc ,uole-1.

[hc a{g¡Ifloe¡rt varlarpe can bc furthc ¡rcûuocdl by tàe

l¡olusÍon of nore (bte. Howwctr, one Ls rtniteê W thc totel
ohangc t¡ (-ö) of 0.15 prprrnr fron fþo¡ ê1l$r1 to totelly omplexcit-

alltrl. A eyotomatd.o error is poaelbl¡r pnc¡ent ln the crtl.naticr

of tho rl-ltl¡t valuc of (-6) conpùex, thl.c va,tuc bd.ng fr¡uda¡s¡ta1

to thc eatlnet{o d Kc.

c
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iü¡retio lluns

-

The kfnetl.o nur epparntus userl Lu Chapter fII (ir:ig. B)

prorlclecl. e conver¡lent a¡¡rl. apcwate retlætt of fflltng tl¡e n.m.r.

ùrbes wlth reaotanta. fhis epparett¡s rac agaln ugcd. ln the oompler<

nrn seriee, ttre only dJfferenco betag the ugE of breakaeals of

trfetlrylaluninfum-ctLphemylother oonplcx ln pLaoc of pure

tr:i et ty L a,lumf n ír¡m.

Batohes of eonplcx were preparad ln the apparatus of Fig.

23A.. The vesgel has üno calJbratedt brcakgcels of trietlyla,fum{nlum

as sfalearns. A oetcr¡Ietecl weight of dtpheq¡Icther (for arr €qul-

moLa¡ oonplex conoentretion) was weJ.ghecl into the vessel bace,

the vesgel ths¡ sealeô onto the manl:folö. åften fnttially

dqgaesing the ether, tho epparatus w¿s sealeil off frø the lfne

whlle pr'lnFj¡g. The two aJJryl break¡cals F€r€ nrpturetl, the oonplex

forned, rnlxedL a¡¡d va¡ytns smounts tlppert into eaoh of thp efght

breaksea,ls. Each breaksês.l was sealed off ln tu¡n antl Etæeal

until use.

iYlth eaoh of lte attaphecL noln¡ro ù¡bes pre-calibretetl to

1.8O m1., the kt¡etic run apparstus ïres punpeô out on the Llne

et a preesure of, < 1O-5 torr for twmty four hours. Dcgaecetl

n-1-octene wês clletlllecl fron a¡¡ ertenna,l aouro€ l¡to the

graril¡atecl tubing attaohecl to the beae. Tha olefir¡ wes froz€n

wtth Ilquftl nitrqgcn a¡¡dt the vecsel aealctl off whlle punpJ.n6.



FIG 23A
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Garefurþ, 0.5 nr. of the olefÍn was ðtstilred into one of the

rlr¡trrr trrbee rt¡ioh wes thsr removeè, togethen rlth tte eeoonpanJrlng

breakseale, by ecalJ.n6 off at the eldea¡t csrgtrÍctLon. fho conprex

braakeeal waa nrpturett and the vL¡cous J.tquid allowetl to n1x wtth

the oleffn ln the rrro¡ro tube base. This nlxture ¡¡¿s diluted to

1.80 mL. wlth cyclohqa¡¡e frcn the solvont breaksaal enð fjnaLþ
the n.n.r. tr¡bc antl oontærts eealed. off ancl rdrigæateil untfl use.

Thíe proceclrre waa nepeatecl untlI all for¡r tubes wene fllletl, wlth

a con¡tsnt 1-ootenc conoentratlon but var¡rj.ng oonplæ conoantrat:lon,

rn 1*re kfnetic nrr¡e of cheptæ rrr, the conocr¡ùration of

trietl¡¡Ialuníníun e¡ dlmon was oe,Iou1etecl fron a poet-calltratlon

of the al'lçrL brcekgeal. Beoauge of the poaeiblrlty of tno

confllcting ¡nechenisns lrere, it was n€oessarlr to know tt¡e inltial
cqroenfration of tr{-etþlalu:rnÌaium, Estlnated. aa nonomer c;lr,

f¡ the conprex ceü'Les sampleor lloweven, onoc the oonpl* nírtr.¡re

ls forme$lt is f mFosslble t,o moasurc ttre aL\y3. occ¡e€ntration by

an¡r flLrect bursÈte oelibrationr there ers two poocfble methott€

for the (lctemnlnation of the l¡¡ltíal trletþleLr¡nÍnLr:n

concsrtratlon.

(.) Speotrophotonetrlc anal¡rol.si

$overal netho¿s65 166167 utilåse tho fonnation of hl€hly

oolourerl eomprexer of triettsrlalrr$tniun rlth nitrqcn be,acE ar¡ch

ae lsoqtdnoll-ne, phena:ine and. p¡æazfne. lVtth t*re phæazfne
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oonple:c, lf lt is titratett with ptrmldino, the blstÌ¡¡Ielu.d.nlun

is rliaplaoed. anrl ttrerc ar6 sevetral oolour ohaagca aa eaoh

noleoule of; a.LþI ie rmovedl frm fts ooorclir¡atíon site.6

It wor¡J.cL be pocsfble to deterrlnÊ the triatlgrlaluninlun

oonocnfretlon ¡rreaent as nonomer by this nethod..

(U) .¡l nore oonvenlent rethocl for our purposes is to deb€flnínc

the eltçrl cmcqrtration dllreotl¡r from the tnltlal tf.uç prtrrr

spectrun of the reectLon rnixtr.¡re.

The ooncentration of 1-octene is knonnr acorrrateþ ln eaph

sa,uplc. lhe lntegr¿I of the vfu¡y1 CHr= ¡¡1ntet pcak can be dÍreotfy

equated to the trletþtah¡nintr,rn metþleno gartet (Uotir heving

the same proton nrirnber) anð thts cmcutratlon ac totaf allqrI

clete¡rnined as monq*er (c-) ,

1. o¡
[1-outene]*t*.

5

The a1þ1. CH, integral hae to be rlLvfulocl. by J becauce of the

presencc of three equivelont metþrlene troups that oontrlbute.

Âny ernror ln the oonOer¡tration estl,matíoh ls e function of an

lnstn¡ncnt or f.ntegratfon error Es rell el e dlapenolrg 6rror

(of f-octene). The fo¡ner cor¡lcl be kept at a minfsn¡n by qqjusttng

the çectrøeter oondltions to prcrf.<le large l¡tçgra1s andt

therefo¡'c morre aßsurate reait5ngs.

INT(CH^) a.uqtrl
[dntrJ*it. = c, ------j'-n'l rNr(clrz=) ooteno

JI
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lhe sequence of reoorcLlng the irlltleJ. tíme speotre tras ao

follows. Diphenylether wag ftrEt useô ag the prmoro look sl€nêI

(offaet to 50o oopoBr or 8.35 prprnr) a¡¡cl the speotrìrn soannedl

upf,iel<l recorcË.ng both the s¡rootrr.rm anct Lntegnals of the 1-al,keno

viayl rqioa. á,g ths íntense o¡rclohexane p6ak wês approachEcl on

scannlng further, the power was recùroecl by e faetor of, 100 to

avoicL ttthrow{.gn the lock signal. 0n pessing thr"ough the

0yclohexane peak¡ the normal poner tevel was reinstatedt in tine
to neoord. both the spectrun and lntegrat of the trietþraltuointun

nøtþleae {¡rarlct regonanGóo

lhe looh sign+l was oherged. to o¡rorohocano at 1 .if p.p.m. anil

by ecuuing (lowrfierct¡ the e¡notra anci f.ntegrals of the 1-a.lks¡e

vinyf region and. the pherrylio prvton eignal (of ùXphenylethæ)

rrere resgrclecL rhe zero-tíns oonoentratior¡ af 1-octene ü¡as

oheckeil by eEratf¡:e the fntegrel retio of the vinyl CiIr= triplet
to the tofur ¡rFheqylether integral. Ae the ooncer¡tratfon of,

dlphenylethen renefr¡e ooûrstant thmughout the reaotü.on, the

concentratiqn of, 1-octens at err¡r time can be rþtermined. fron a

ratfo of, lntegra.l ratíos, vlz.

rIfI( cu =)

[l-octent],-t = IIIT

D.P. TJ.

I

lt=Ð

x [1-egtr.tt1 t=O
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lJach sa.upLe n.n.r. tube r¡ae heatect ln e thernostattect olL beth

for a preacrlbcct tlne perLotl. The tenBeratr¡re¡ dcrågnateil for

the flve serle¡ wæe 1OO, 105, 11On 115 arid læoG. Upon rsnoval

of the aam¡rles f,rcnn the bsth and. teupæature çenohf.ng the reactloa,

the p.n.r. opcotrE were aga3.n recorrlsil wtth oyoJ.eþ6¡¿nß es tho

lock d-gna1 and mcasuring the irrtqrel ratfo of vÍrqy1 Cllrs probøro

to total cttphenylethen protons. The prodluct o]¡fln ntth tlnc

wes also reoorcled. fu1 a s'irni lar f¿shlon to the nethocl employecl

Ín ühaptæ III, vlz.

nm (pn)
l

[produot oJ.effn]*,n = x [1-ooter"]t,oÇHr=
LDilT D.P.E. 1t4

where INT CI{r= (pr) ':, the lntegrel of the prorhrot olefin ainglet

peek.

Ihe klnotio ¡r¡n reeults rere reoædcdl antl. tabulatecl fui

a gi¡nlrer na¡¡r¡er to those of Chapter 1rr. Re[ d¿ta was oollectert

until at leest a ,wen-point plot ¡ree avalfeble. T¡pioel

reaeta¡rt deoay ancl Broôrot growth surrer werc protteè, the result

belng slnllar to thoEe of Ftg. 10. Fro¡n tùioae plota it raa

s,pparent thet the anount of reeetent 1-ooten€ oonøt¡rued. wes

appromirneteþ twtoc tlre a¡¡ount of proclræt f,o¡nctl at ar¡r tl¡e.
thts tndicetedl a stoichloroetric feeto¡r of two whlah vrlll hevo
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to be egoorrrrtorL f cn 1n the meohanisn ancl J.n en¡. lntqgratecl. rato

equatfons.

The ord.ar with respeot to tr"letþlarr¡nfu¡tun was ettenptedL

by the tno ncthocle provlousþ tlesoribed., i.e. the relationohLp

betwsen the lnttta.l valoeiW ro a¡¡dt thp inltlar oonoc¡tretlon

of tr{.et}¡¡Ialunlnlr¡n as nonomsrr ê¡ld ttre log-}og plot of tùrle

ralationehLp. A large a¡ount of error wao enoou¡lterecL ln
estinatlng the Iüürtrns erope of the rreoa¡r plot at t = 0. 'rtrls

e¡!:ror Le refLeotect 1n the æror bara cf seoh partlcular lnltlal
velocit¡r octfmetfon. llho log-1* plot producccl an appr.o:rC.mate

streight llne of least cquares slope = 0.82. The greph of r
o

yercus c* ls a strelglrt llne peoafng through the orrgin, both

rcsul'te l.ndü.oetln6 e firct ord.æ ctepandonoa ln ffi.ctlqrleluuj¡elr¡n

conocntretion. The gfaphe s:re aÌ¡own lr¡ f.f€. 2t¡ and the t¡itLal
veLooltlee tebr¡latocl balow wlth thetr oorr€Ëpondlrrg inttiêl
trt etÌSr1alun l¡tr¡¡r e ono e¡rtrat Íon s,

Sa¡¡ole Intt lal,React +on Volocitv
(rttrc/nole ¡co) ¡ to5

I
2

¿+

5

6

7

I

2.þ
2.96

2.67

1.81+

1.74

1.10

1.47

1.92

2.18

1.94

1.26

1.Ð
0.Bg

l.o2
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Àga,in, the pretluina^riy reEults eppoar to fnclLoate a fi¡gt orèæ

d.epcndenec fn triettyfel¡nLniun cø¡centratlon oaloulatecl ae utortoxaso

lbe ordlæ with reø¡leot to l-octene ta a,sn¡mcdl to be one fYm a

oouparison rr¡Ith the cleoay ourvea of the kl¡otlg runE of Cheptæ

III, L.c. for the oa.nE roatoilts of'ferpel ln 0hapter III.

I9e aesuna the ovEra]'l rcaotlor¡ to be s{tp\y

k
.ùlËt,.D.P.B¡ f CH'=CH-Crlir, I prodrots.

Thue the reaotiq trate = knlÂlstr.D.P.E.] [CHr=oH-gd1¡].

Now we ca¡ asn.rnê t"trst ùhe complerc oonocntretíon l.¡ approxlnateþ

equal to CO¡r the oonoentration of, trtett¡ylaluntntuu cstlnetoð as

ßonornÇBo

.'. Itato = kn cJü[cllr=ci{-c5H15J

Now 1f the inttta.l oonocrrtratlone of trtetlrylelunlnlum ar¡cl

1-ootEne a¡l.tr a antt b s"nd. x is the aÞur¡t of kinstic protluct foruteil

in tinre t, thør the redhroetl reaotant çorce¡rtratfons acoordEng to

the atoiohlonetry wtLL be ("-x) anA (U-Z*). Thun the rate of

reêotÍon # = ko(a'x)(ua¡.) or, krclt .6-#hã). rntqratiEn

of thls rltffer¡nùtal rate cq¡ation leedl¡ to two solutl.ons of, the

Lntcgraterl rat¡ equatlor, elepenilj'rg on rt¡l,oh of thc rosotalttl

lg ln stof.ohlonotrlo exoEga.
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lVhen a > !
2

bllhar >a2

kJ =f,r#fi'"u |{fr*t

onr=ffir*f{*#
The klnetlo prodr.rct ie agùj.rr d.eteruríned from the rslation

[1.ootenø]to - [1-octonc]*_n
l=

u

whero u fs the atolohfometzf.o ooef,f,foLent. Subatttutlon of a¡

b a¡rcl x xnto the rtght-hend. sfde of, the abovc tno Lat€ratedt rate

equationa proôrcedl strs.l€ht ll¡ree paaslng appfoxLmeteþ tfr$ough thc

orlginr The dbo¡t andl worsürt f,lt tlata wer.r relcoteô f,rcm the

tote.l get Enacl¡re¿l sndl afè shonn fn Ftg. 6 with thd.r oorfliìp¡oo

t.lnit þperbolaa, the lfrnlt of conffdlpnoc belng arbitrarlþ
¡ol,eotsdl. aE 9ûiî", Ihe gtra.{.gtrb JJ.neo shoiln s.re the Løa¡t sglrgeg

LLneo, the slopee of whi.ch are the apparEnt rete constants of

feaotf-on knr Eeoh populatLon of k rr at a partLerrlat terrpeeture,

extrlbttadl. a ranôortess about a mesn va,lue [rrr w]rloh rae

oonaldpredl reproaentattve of th{t d.eta set. A oonplete table of,

retE oonstents obtêlnoil of fl-ve elLffeent tcrpcrattrcs Ls ¡hown

as follows.
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Table of CompLexed. Systen Rete Data

Conoentrations

/tlEt5 1-ootene

k xlo6n
Ioc fi x10n S.D. fur

ktl

6
Run No.

3c 1 .1L1.92 1 .58 12O.O

1c O.899J..1?, 1.75 115.O

¿v 0.J81-J.11¡ 1.(fr 110.0

l+c 0.6¿+8-1 .60 'l .61 1O5.O

1l+.5

17.6

13.2

11.6

14.h ! O.21

8.16 I o.Be

6.21 j t.8o

L.8o ! o.5g

9.31

6.57

7.72
8.1+2

7.55
8.4J

9.09

7.59

5.61

8.17

5l#

5.36

5.15

5.91
l+.90

2.gg

3.06
2.38

2.94

! o.16

5c 0.7+þ1.59 1.62 10O.O

2.59



0.6 ln teg rate d rate
equation

Best f¡t resutts
wíth 9 0 o/o

confídence timits

lntegrated rate equation

Worst fit resutts
wíth 9 0 o/o

confidence l,ímits

o

0.5 o

0.4

kt

0.3

0.2

0.1

l.0 I
FtG.25.

12 0 t. I
TIME (hours)

12 16 20
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Thc .A¡rhcnlut plot of 1og [r, vcrauo tho rcotpmoe.l. of, topæetüro

ln degrca¡ abeolute 1s ôhown ín Fl€. 26. The graph aÌ¡org a Xlncar

ctcpmttonoo of thr ræÐtf.on rate rlth tcqrcraturcr th loagt

rquåror rlopo of, thLc strafght llne real.f'clng m aotJ.yatl.on

Gstcgy E' of Zi.O ! i.5 koal,/noLe. The pne-cx¡ronentl.al faator

.å,.-, cqrrel to the lnteroept waa calou1aterl ec 197'9 
t 1'o lttrcn'

--l -1mole 'dßg '.

0onolu¡lpn Dl,couselon

¡¡ egtL¡natiq¡ of th¿ eortent of oonplexlng at the ldr¡etlo

reaotlon tcnpcreturc, barerl on the exÈra¡nlatLon of tco (Z9.OoC)

uslng the hoat of conplex fo:mation (2.7o kriù/nol;J7) errgg"ata

th¿t at the reeotlon tm¡rretrrre the ¡¡sler oonoEntratlsr of

l'l,lEtJ.Ð.PrEr coûplex l-s slgnlflcantfy fr¡ eæess of filee

trJ.etþlahrnlnlun rllnerr If thøn, the reactlon obeEwerl is ô¡c

to oonpl.e¡c perticlpatlon, then tha obse¡seil klneÈ1ce shot¡lit

corrcspondl to a soeond æder rate eguatfo4 as fs obselverL

l\lEÈr,D.FrE. * l-ootone -L proilrætr

*'*":;:ffi::j:ï-*"'

Flowever, lt nust be ctated 'that the oomplexedl fo¡u of triettryl-

aluntnttl¡n lc Þy no Erant ovca'nhcLnlng\y Broiloofnant a¡dl. ws woulð
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îhe .¡t faatæ of l0?'9 
t 1'o riss wr.thl¡ the ra¡¡ge ooroonþ obse¡reil

for feeotis¡s of tÌ,åa tyBe.68

Á¡t elte¡n¿tÍve næhanis esat¡¡res that the conplex ie
t¡n¡reeotÍve¡ the sbgo¡ved reaotion being due to tlu cquf.librir¡n

concentretio¡¡ of unoonplexed" monone. Thc folrorrtn6 cguf]jibrfe

illuEtrete the ¡pacibilíty cf the tro noohaníua¡

Etjill, + 2 D.P.E.
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not e:r¡reot thts epproxirnato rate lew to holci rigid\r ove e

wid.E ooncer¡tretion range.

If the mechenfss¡ epplles, then the obeeneô rèsotion

rate is to a reasonable a¡¡proxinatlon at the eonoø¡trations

and. tæperatr¡ree usôclr the rate of a sÍ.npIe bi.moleoulc¡ reactLon.

2

Kr-$

K
Et6ÐZ* 2 D¡F¡F. 3 2 EtjÄl.D.p.fio

.û dc,t¿lleð ktnotia anaþals of the favor¡nerl ncct¡snißü la
6¡¡qss¡l{ng\r oooplc:r. No ef-npLe gørcral. retc equatlon eppltes

andl anaþsf s ror¡Iil hwe to bo raadc þr nurnerd,o¿l nsthocls anð

wot¡kl require proel.ae values of Ko a¡¡d I(d. 0r.¡¡ tlate to h¡ncl ls
ino¡fftotenü to warent $rch a.n ana\yaio. årtbough tÌ¡e mcchanl.s

tloeg not gJ.ve a slnple oloeed. form sorution for a ratc oguationn

we oa¡¡¡ot n¡le out the possibillty that a¡r appnordmate seaonrl

orclcr rolatlonahlp n{€ht ariEo ov€c the ftrnJtsit coneEntratLoa

ou 
n



128)

ra.nge. thus the approÉ.nate agreement betwaen the obseryed.

rate equetlon a¡¡rl the mschqnis¡n i¡nrolving the reaotion

ÂIEtr.D.P.D. f 1-ætaac proeùacta

doeg not uniqueþ estabLieh this mæhafiísm. There is no doubt

that our resr¡Lts need. refl¡ement befcre the mechanLs¡r oa¡ be

oonfl¡:¡aedl. îhe øviclørce for the first neahgnLs seenÐ gultc

rtrongr bd lt oa¡urot be er¡tj¡e\y aoccptedl r¡r¡tLr more pr.eclse

tnea,surementa snable the alternative mecl¡anig to be eveluated-
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CIH.åFTm, VJ - CONCIUSIION

The reaotion betrecn tnlet]grLa.lr¡ntnfun a¡rdt 1-ootdlc haå þson

era¡lnecl klnetie¿t\y rn two e¡rlrø¡Eontst ln lncrt \rrlroorrbo
so¡ltion onry anrl ln tbc p¡¡eaonoe of a eoordl¡ottr¡g øÈhæ.

Tha rate rlata for the þüoadrbon drtln, e¡ tabulatcd ln
chapter rrrr applics to the postulated ovæalr nset¡ani¡u aJrd !.¡

dcflneil by an apparont rate ooffleis¡t

eee6 + 2rl-ootenc .ÈlrEtr.oøtyl + 2-Et-1-oetenc

llowsver, r¡ wish to otrarsoterLsr the aitdttlon øbep itac1;fn by

the oa'touletlon cf Lndivirh¡.a.l dnhsrlue pararaetæs e¡¡cl. tho rlc¡rlvril.

aptlv¿tlon para¡nqtsc fq the rato ðøÈ+rtntng atcp

ffi, + 1-oste¡re 
kz 

qèih¡ot.

Tho ncoÌ¡¡nLs of, rceotloag 1-¡s (chaptcr rrr) shsr¡ thet {Jrc

apparsnt rct¡ eoartant k*p 1a rerotoit to thr eôrl5.tLon rotc

constant ka as follo¡vo¡

J.
êK oa

Thus thc tnlttèl di.ne clisæclatlm ha¡ to be takø into

eÊoount ¡vbq oalorrlating retE condtants for the ¿dar¿ion reaotlm

onl¡r.

k¿pp kz
ô
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furp"**"ztt A¡np;UF {zur-AH
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the hçet of dl¡cr cH.ssool.stlcn was osti.Eetcdl fuæ thc

noleoula¡ rcJ.ght u¡Éaßr;¡rcmê¡rta of Chaptæ IV a¡¡it rcoordl¡d!. as

-12.6 t 1.0 koal/nolE. The apparmt aotlvetfon cnægy nôeüretl

ln Chapter III wac 24.0 t 0.6 koal,ftnol.e. Heno6 the aotfvatlon

encrgy for tho rate dl.stmtn'tng stcp 1r

EA=21+.O-6.3 = 1'î.7 ! 1.6 koa.Vmle

oTwtp. c

Taþle oÉ ¡l,ddlttfo¡ Retc Dete

- A -!-*k*, x 10- *d"

(rttre/mle sco.) (notes/tttre)

[, r 1o5

(utr"z/*te2¡eo.)

9'

1@

110

115

1Ð

2.94

5.11

lo.8

lg.6

Ú.O

o.26

Q.29

o.35

o.)9

0.1+4

1.14

1.78

3.Q5

l+.78

5.67

1

rsK
d et the aDovs teryerotrrreg es.lou1atccl frolo the teagt squatrc!

alope of the lqs K¿ væEus lÆn X Blot (f,fg. 18) .
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lhe clerte¡mlnetlør of the fntercept of, the Least squarea slope

of the graph of l.og E, ver"ou 1fo f pro cdl a prc-sponmtial

faotæ for ttro etldlttlon reacÈion of A = 105'9 ' 6,9 rltrc ror"-1
-1Seô .

In general, the srrors a.csoolatoil ¡vlth the ebove ratc ctata

are the susrsß of crrors fYom reactent a¡ld. solvent cllapeneing,

trletÌ¡ylalunlnÍum oonc entratl-on det ernlnatf- m s, p rrrt rT¡ Bp eotr øsü rr
inst¡r.rnent €rrorg (rnore epeclflca$r lntcgratim errors). fhese

are posslbly the od¡êe of the rsJrd.ør va¡1s¡¡oe l¡r each eet of rate

consfants neeguf,e¿L at a partíer¡l-a¡ temperetrre.

Corparilg our reer¡Lts r¡lth those of prerrLous wor^lcers;

llay et 
"1.13'1h "**t reil the rea,ctions bctwaen trlettgrlalunrinlum

q.nd 1-a-lkenea ranglng i:r aarbon nunber frco Cr-0r. If one

erçecta an 'rhouologous gerlégrf of ecttvation enægtsc lryith oerba

number tncrease, then our resulte do not çfte ftt the pattern

establ.lshect by Hqy et a-1.¡ a3.thor:gh thene is eome agreenont wltlr

thef r value f or the trt ett¡yla1ud.nirrq,/1 -he:cene ry stem.

I{a¡r-Jonesr EåFp = 24.3 ! O.5 kcal,/nole

0urs! SåFp = 2À.0 I 0.6 kce1/mo1e,

For ttre actdltlon step above, the cllfforsrce fg lncrcasetL.

IIey-Jqn.t' ß, = 18.2 J z.O kca]/mole;

Er = lJol t 1.6 tcat/nolo¡

À,, = 106'5-7'.5

Litne roL"-1 
""o-1

A, = 105'9-6'9

lttre rnole-l aGo-1

Ours:



132'

[he &tsoropê¡rcy J.o tlue, no doubt, to the illff,erent eatl¡uatlons

(enct methorlo therein) of KU end AI{U for d.iurer diesoolation.

rf we uec the Hqy-I{ooper Ku a,nc[ aHu eatinatc¡ ln the oelaulation

of .$,rrhenlug pa¡sneterc fbon our dlata¡ ther¡ the values obtalr¡edl

are¡

tr], = 18.9 koa1,/raoLe a, = 107'4 rrt"" role-1u""-1.

Thus, our årrhenfus para,neters f,or the aclrtltlcm reaotion erprose

IIay et al'. data¡ rlependl"lng on the climer disgælatlon cleta

ohosen a¡rdL we h¿ve alreaff cii.ecuased. the meritg of gao or ì.iqulô

phase ¡atlmatl.ons ar¡c¡. their epBlícation to our kfnetios.

In ¿ ocmparilon wlth Jlllteonrs reaulta, ow overall parametora

a¡e €vÊn more rercved. lïowever, tbe nechanlsn u*rl by thts

author has r¡ow been showr¡ to be Íneorræt.

Our resuLts c€¡l be fr:rther utl.llaEil to oelcr¡ilate the entropy

of eotivatton asfr which presente ue with an lndlcation of the

tra¡¡sltion EtetE struoture. The knowledge of thÍE struoturc is
f\rnd.anental ln dcacribLng tlæ reaotivity ar¡<t ttp reaotion path

throu6h the a,ctlvatcrl. oonploc. [he entreHr of aptlvetion can be

relatecl, by the theory of Âbsolute Reaotlon Ratea, to the frequenoy

faetor A which, fui turn, c€¡¡ þe quoterl i¡ s¡rvera,l wsya; Bs a

teuperature lnchpenctent faotorr a stæio factor or foma\r as

an entropy of activatlon.

Now the rate constant k = K
lf
h

e
ASO,/R .AHOIRT+t{

e
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wh€ro K = tÌ¡e tranølsslon coe¡ier,ofant g 1

k = Boltsnannr r constant o 1.jB x 10-16 cr:g/FK

h = Pl,anckra oongtaflt = 6.625 x, 10'27 ørg¡1æø.

Âpprødmett"ng and lubEtttublng the ebcro oonstar¡ts at EaC

ASO A
+F- ß]fñ

AsÏ = z.ro, R (Iqsro $, - ia.B).or

st¡bstituttqn of tho relwar¡t A f,aotcrs proittlro tl¡ aorzcaponrlfug

onùropf,ea of ¡otlvstion at the atandhrit st¿tc of, one mle/lttre.
osl ¡r, = -16.0 oa.l. ¡no1e-1 dog. K-1 (our epperent crrtrqry of,

aotivatf.on),

osl z = -29.3 oal. nole-' *r. K-1 (our eilcll.tlon roaotlon cntropy

of aotivatfun),

otÏ n = -*.7 eeL. rcle-1 deg. K-1 (or¡r aitdltlm roEotlon onbo¡ry

of, aotfvetion frø oun epparont fÞcquoncy footor oor¡ootert

by Hqy-HooD€tra dlnef disøooLatfon rctul.ta),

ASI ,, = -22.4 oal. nole-1 dog. K-1 (our apparent cntrqry of

aotlvatlon f cr the ooupl cð elþrl ryrüen).

noth nsf jpp BnA otl n plaoc a nr¡nþrC.o¿I ostl,nate on the

overall or ¡Pparent reactlon rate ln caph partlouJ.ar ryotm stucLleô.

Thc retc ln the oonple:cetl ervr t¡tcn re arowcn¡ ao lntûeated. by thc

noro nqatlvc cntrory of, a,stlvetlon.
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Our rl¡ete Ls e goocl €rrâ.mple of the tnsanaltlvlty of

aptlratlon energy es e orlterlon for reaotívity oompariaon.

lhe a¡rparent aptivatiqn eneBies Jin *, ancl En are ver¡r a5nrlar,

yet the entropfoa of aotivaticr¡ are grrite dif,forent a¡rrl. na.ks sônso

1f we initlarty assuruo the reactlvtty between trietl¡ylaltutnlun
end. 1-oetene Le a fungtlox of the elætrmic content of the "A,L-c

bond a¡¡d a stæic frêtor, The agreeørsrt in apparent aotiv¿tfon

energleo poeelbþ cdrlbits a slnila¡r.ty in tbe noclc of reaota¡lt

lnteractior¡. lIowerer, we emphasiae onþ a poaoible infæenoe a,s the
golg eoourate dtata avarlable ia for the edd.ttl.on etep tn trydro-

oarbon solutLon.

/tbgolute egtlnateg of tl:e frequency faotor proyLd.c more

rallable lnfortetl.on on transltlqt statc structrt.o. The go-oallocl
Itnormarrr frcqr.reney faotor for e gas phase binorecr¡lar raactj-on of

rlgitl etastto spherfoal ¡rolecules ig 1o11 ttt-= ¡oole-1 u"o-1 a¡rl ia
obee¡¡red fæ a nrrnber of reactione in solutlon. rt ooulcl be

suggcøtcrl that our lower than rnormerr frcquency factors night
Lnvolva a forbictd.rn traneltion by quarrtrnr æotranleal Eeleotfon

ruleg. Howrye¡, it eeems nore likeþ that the low froquaroy feotæs

afs a oong€quere of large entropy dcorcaces that oaour in
ecsooietion-t¡rpe roaotlons. l,Iore spccLficelþ, the nr¡nerlßå,r val¡re

of the freqræncy factor oan be related. to the uoleeule ]¡lke

treneitlon etqte whl.oh varies litt1e tn structure frqt the
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resuttlx€ procluct moJ'ecule. Fr.ost a¡¡it Poa¡sorr69 nrt" tabulated.

empirieal expresolone êr¡d. values of bi.ueleor¡lar rate ooagta¡rtg of

clifferent Ðpea of reactantr anal the conple:æa thøy fm.
llere a freguency faotor fo¡u.r1a cl.dl¡rerl es

Ird fÞ-
E-;F

fÒr a motlel of, tno rea¡tant atong has a st€rlc feotor of untty

(fr f s a parùttion funotíon f e one tlegree of rotationa.l freed.cm,

hevt¡g a value typicel of a t¡pice,l noleoular r.otatlon¡ fr] ls

th¡oe d.egreos of trar¡slaticnal fbeedtour). IdoF e motlpJ' of tro

no¡r-line&r moleoule¡ l¡¡tæaotÍng to fæm a non-ll¡cear complex

(the nottel fon both of orlr a¡rstens) n the fbequooy fa¡tq fonnule

ia now
q

lf fY

factor ia a nultlpliæ a¡¡rl nhen eirplled.

andl oa1culatecl es lO-5 ¡

ilom). Thf s sterlc

to the ilnornal|r frequenoy

faoton, it prodtuoes a neflÍ estfmete for our notlpl s¡ ¿ = 106

Iiü€ roL"-1 u"o-1. ïnitialf,y, tÌæ tlecrease 1n Â faotore ls ö¡e

to the feot that "typLcaln fr valuos exoeecl nt¡ryioe}tr fY valucs

by a factor of, 10. llhus the lower J\ faotors obtainecl experinentaltry

couLd be attributecl largely to tbe loss of rotatiqrs of reaotante

on forraing tùre trsnsftion gtete. Ilolrover, thto ana\ygle faLls to



136.

accoultt for certaln speciffo faotors concErneal. with the J.l.$f A süatc,

ê.g. the free volume effeot ancl solvation effeots. Frequeræy

fastorc of thle negrÉ.tude (- tO6) are observecl fn the addlltlon

ree,etfons of vlnyl oonpotrnds wfth raclioala, nuoleophllos a¡il

elcotrophilee.

fha nucleoptrtlio adðitlon of 4-uu¡rtitr¡tect 2-nltro benzer¡a

sulphorlyl halídes to eyclohexene d:isubsültutett et¡renesrcr7l

produces "f¡, factors ín the rarrge ío6'0 to 107'9. The electrophíllo

ad.ditÍoa of b¡rcnlne to sr¡bstítr¡ted. styrenes in anhyclrous

acetio acid.72 proùrces a raJge of ffequonoy factcrs of, 106'o to

1a7'4. Raclloal actcll,tícnr to varLors u¡rsaturat"r75 uhors a¡r .å.

fector range of 108') to 1o11'7.

4€alnr oonparLng the two syateno ne hevc erce.rn{noè, the oonploced

algrlr/1-ootene tra¡¡eltj.on gtate is a mo¡re loooeþ held r¡nlt

which ie il¡uetraterl ê8 a, ¡rore negetlve mtno¡Ðr of ectlvation

anè Lr¡fers the fornation of the tra¡raition state ie lesô

probable a¡¡rl, the rate f ô co¡rrespondlrrgþ sLow€r.

The meoha¡ria of lnteraotlon between trlctþleLr:rntnitn a¡¡d.

1-ooteno f.a broadþ ofessifl€dl by two ertE¡netivca¡ thc elsotrq-

phiLÍo atteck through the a-trr¡¡ninLwr atom vj.a aD ereetron r{.oh

carbon etø (t) or a ?( sù¡sten (h) ¡ ttre nucloophillo ettqpk through

the elþl grflrp etteehed!. to the alr¡.nintr¡n atm ( Z) .
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\ô+ $rt¿l-c-GII õa ö-

.tl-C-CH

+

C =C-R
$r ô+

(a)

6+ $-
4.1 -C-CH

,l
0
ô

,Âl ---cIt

3

5

5

=C-11
6+

( 1)

-cH

(t)

5

Rc---c C¡sC- R,

(+)

the ebove two eltsrnatlves are extreroe¡ a¡¡cl. thø sltuetlon la prcbúþ

best desorlbed ty o¿so (5) tn n?rieh both nuol.eophi.Ifo aptl

e3,eotrophlllo attapkc ooour ei¡ulterìeancf¡r to fo¡¡n a f,our-centre

tra¡¡altÍm gtate conple*. In edùttlonrthorc erc nodta of ettaol¡

whieh a¡o f¡tcrmedü,ate betÌres¡ theac, for lnstmer, the nuolocphilLe

atteok of tù¡p alryI gr€up on tlæ aubsÞrate ol.efln (Z) aasfctedl b¡r

the ooorcllnation of the subsürete olefin to the Eetef ((1) er¡ô (Iþ)).

Iïith thls nscha¡Lo the relotlve resotl.vltLea nay be a fl¡r¡Etloa

cf tho abtltty of ttre ehr¡o{¡lrlu aton to oonplex çlth tlp nrbstrete.

iïe havs atteuptedl, to oþsrE¡re sì¡oh q.nFl,eodrg þ p.E.r. FpcctrosoqlSr,

howcvctr, enen et low tenpera,tr.¡rea (-¡poc) no strlfbe tn any f^fkoly

affceteiL peaks wlrc apperent. Fosalblo evLilülce f,a obtatned,

flqo ltaüet e "o*rfi whct€ :Lntranolecr¡lar oonplexing betwsÊs the n

bond. rysf6ú and thc Â1 Etm çee sbseryect by prnrro spôotrotoo¡y tJt

4-alltorryrl- aXunf.nl¡¡n tll.algri s.
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The kir¡etic evid.ence for the coorcllnatedl a¡ríonl.o ¡nechanis

ôepends on ërn assurnption ühat tle mecha¡rism cases (2) a¡¡a (J)

above shouLd. proceed wlth both rþnoner a¡rd. clfmer of, triethyl-
alwri¡Íun. I'Iowever, the coordLnated necharr1eû is arpposedl

to be a reaptfon l¡volving mono¡rpr partfcipation oaþ, because

of the avaílebirity of the vacant 
"pJ 

orbital for coorðination

pùrposesr No erJch vulnecabLe sLte is present ln ilre dimer,

ivhere bridge bonds effætiveþ i.ncoraorate these grpty orbitels

into three-oentre boncls. The conbinetisn of our obse¡$eè heo,t

of diuren rLissoclation antl the non-obsen¡erse of ar5r 'l-aljkwt{-

triet'Lqrrert¡¡riniun oomprexin6 showe thst if ar¡r conplecing ie to
be essunetl, the eqrilibrírun oonetånt mrst be vcr$ sner]l, the

conploc havlng an equa{y reduced lif Etj-ne a¡¡tt henoe is unaiko\f

to effect the monomæ-ò{'ner equflibrítrn. ThLs coortlineted. a¡¡lonlq

mecha¡isr ig confi¡mecl by or¡r d,ete¡s¡instíon of monomer onþ

parbiaipation Ln the ad.clltion step.

Ji further cli.stinction betvreen nucleophlllc end elcotrophillo

attapk n€y coüe to fi8ht jn reeotlons of trietlgrtafr¡nlr¡tun wlth

1-afkenes¡ substituted in t}ra Z positiur.

If the etlðition neok¡ar¡im ooours by eleotrophilie atteck

then the rate of reaction should be ailva¡roed, oven that lnvolvlng

the non-substítuted 'l-e,lkene. Gonvereeþ if the nueleophíBc

nechanisn apBliee, the reaotiorr rate should. be red¡¡oecl. This la
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a result of the inö¡ctivs effect of the aJJq/I srbstituent which

tencls to increese tho eloctron content of the tlouble bond. In

faat a oonpar5-son of tho relative ylelds of the products of

sübstituted ettry1en""74 hr" leacl to t]æ concluslon that agyl
groups (Leaotivato thÊ clouble bmil torard¡ nucLeophtlic etta,ck.

'¡re have shown tt¡at the rate of reaction is reclucecl ín the

presence of coordl¡ating solventsn spæÍfi.cally dlpheuyleth*,

wen thorrgh rve have proved. that the mononer exists as an integral

part of the 1:1 cornplex vrlth the ether, This is further support

for the coordinatecl urech¿nis¡n, as the orbital nornally a¡railable

for coordination rith the 1-olefl¡ substrete is now occupied fn

bond. formatlon rith the ether o{ffiæo rn ad.clitlon, it co¡rfi¡ns

that no ôlaorete ar}srr carba¡rion fometlon anil parblolpation ln

the actd.ltion step oecutsr Ðrownstei¡ "t "1.54 
ana îakeshir55

using potoro meesurenents on trietlÐrlalunlnlum etheretes, oelculated,

the redueed. elcctroregativlty of the oonploxeal elr¡rníniun atom a¡¡d.

its ef;fectiveþ reduoed. erætron withdrawlng power. The donatÍotr

of elætrons by the o:gr6en atorn increasca the eraotrør tlengity

about the "å,1 aton and. reô¡oee its tencleney to sl¡a¡e elætrons of,

ths AI-C bonê. This in itself is experi.uentaL proof of tho

recluced. oarbanionie charaoter of the elþl group¡ irpparentry the

rwerge atfect is obseryeô in the reactlone of alJryl lithlune wlth

1-elkenes. llowwer, there Íe oonsidcabte rxisagreemqrt about the



140.

associ¿rtion number of the }Lthfiun aIqyl initÍ^etfng speoiêsr

l,vi.ôence fe carbanlonåc character hae been tendereil in the

forrn of Ê me¿su¡sd reeidual cq¡d¡çtivlty of trlettgrlalu¡nlnlun

alone and the rneasuredl speatfie cmdr¡otance of tntcttgrLaLunLnh¡n

etherates. lhe forme¡r affeot is expla.l.necl ee the abi].fty of,

tr:ictþIal¡url¡¡ir¡n t o solf-ionlse

üzot6 * Âlert +
2

+ AIÊb
t+

Ilolverrer, the con,$rctivity Ìras also been ettríbr¡tecl. tre ímPurltíeo

present with the alJgrl. the sonductivitleE of complocedt tr5.etþI-

alwrinÍ¡ns are renerkabþ hfgh. Talcasht5S eonolucþe thet tho:Lr

ionlc propertie¡ ancl the polarised natr¡re of tl¡e .û,1-C bq¡d. ruight

trsignffioantly ¿ffeot the reaotlvityrl. rtgat¡ there is oti3-l no

absolute cvidence that argr al¡uoinirr¡n oonpoun¿s pnochrce

carbanions jin solution. Tìre soordinoteû nechar¡isn preclmfuratea

on the q¡íÉience avallabLe at presenti

In the above disoussion, rÍe have etteroptecl to outllne

the correot meoh¿¡rÍsrn f,or reactiqrs betwesr trietlSrtalr.rmintun

a¡rd 1-octene by; i¡ftiåLly measxrfuig the retE ps¡qnstefs of a

particular rea,ction a¡rd. tabulating then as oharaoterietlo 1nürcrs¡

d,iscussi¡g the d1ffæence in these lndeoee by comparing the nocte

of rea6ent atteck a¡nl the alJtrfaluminit¡m envirø¡¡rent in each exa,nplc¡

fiaalþ, by postulating a næhanim whlch supports the expenl¡nental

a
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data whlch justÍffes it against a carbanionic altemative.

;L11, the wídence oonfirrne the participation of monomer onlryr

in the r€estlon ln ù¡yùocarbon solutloa alone. The activation

paraneters calculatedl for this reaction are emlnentþ reesmablo,

firespeotivo of ar¡¡ doubt about the positio¡¡ of tts nononer-diq€a

equilibrlum und.er kinetlo ternpereture conùitíons. Ilowsver, thla

Latter qoeotion is obviousþ one which requires urgont lnvectfuetion

by clifferent nethocls to those e¡a¡¡loyed to date. The other point

which requires clarifioetlon is the distinetion bEtween two

possible neaha¡ris¡os in etherated. solventg. ife thlr¡k thet this

problen can be eolvocl by a more exteneivc inveetigetion alorg thc

li.nes of, our prelinina.r¡r erçerimento.

In eonoluslon, it mret be enphasisett that the lsrowle{6e of the

path of a cheuloal reaotion in terms of the Transitlon State Theory

is sti1l not seoure. liiatSr theoretically derived- nroôe1s have been

put forward. ir¡ an attenpt to co¡relate enplrlols with experioental

obsenratlon. .As Laidl*ã states: 'Â lergs ru¡mber of caloulatíona

have been natLe rith the objeot of oonporing oeloulatecl a¡rd

erçerl.nental rate aonsbe¡rts¡ activetion energLeg ancl frequenoy

fector¡rr. 'Ihe reruarkeble featt¡rs (efter all this tine) of each

enpirioal theory is tt¡at while one particular ohe¡rloal systeor oøt

bo predioterl by e model, in aLl LikeHhoocl, the next 4rsten chogeu

c a¡r¡ot. Ur¡f ortw¡ateþ, the rlÍeorepanc ie s a,re usne,Ily attråbr¡be d.

to sbirtß or polar cfTcote.
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Sùoiehloncbrtoa$r tho obac¡:rcal rcaptton 1¡ itdfnedl eg

lsnr:
fl¿Ë6 + 2 çfl2*lC*t6nt) { ntr.AlrootVl + CHrct

çc\

The t¡tttal conootr¿tlsnc of atþI endl olefln arG Ê, e¡rtl. b. If
x ls rþffnedl as the a.Fr¡¡,t of ki-actfo prorhrot fomcdt ln ttne t,
tlut the roihÐ.d, rcaptant cmoerûratlons en ("-*) ¡n¿ (U-ex) '

llhe rate of, rca,otioûr oer¡ be dldfncdl ar

Rtr-
alaragt6]

1 c[loctencl
2

itüarf

or

= kr'" [.{12st6] [cttr'cu-ç {r]

ff " rc;ruå{c*)å ¡ctt.=on-tdr5l

il
- tcr¡Uã(a'.x)u(t-Zx)

(o*r, c* and k, aro

doflnedl ln Gheptor III)

16 ð:r
kzK

at
.ilt or k*rttb = (o*)

-T

ã(t-zx)

rhlc Lo tts dlffarontlal form d the rrte cquetLon whl¡h notr

he¡ to bc lntcgr¿tcdl.

aaa
a



Sor csøúo,trnr, ld

¡st¡.Ùùn.(o*)t

.',#",d' l

t*8,

#, r*(s,r)tç*o)

.'l 4k ¡ -B.iþ.
$lw u2 È lÉlß gß -r r Eâ-¡, g b-& r {U8*$ + I

." 8ttÞ¡'tlfut14g qlmrdao¡ for r !¡r tæue sú u t¡to &c

dlff;fmtl,¡'¡ r çurti.ea

{¡-Ë
&

,¡Ç"æ "¡" uþ(ue-e) + bl
, ã.åil,

o e

.', -h*pp.n . fu=*5- (i)
o u Ça'r?

Ebll gtncrral, a¡rrrutm ( f) oan nor þr tnkrat¡A $prn1l{ng æ thr

r¡l¡tlrc n¿$ntrtsiþr cf ¿ *Aå.

(.) ûæ ¡ 
" | ry.¡¡â,æ (f) urosao

'¡.*r'Ê-iU- r*.--*u -t¡ t
Iatrsrlt!åt Uy psU.rf fÞ¡tË¿áas
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u - Â- u - (, -þË

2(a -

1 B
+

2 .Þrql
4

(

a

a
,t

or

I = .ô(u - (" -þål . B(u + t" -f,)å)

rhen u = (a -|lå, ant" -f,)¿-* t .?. B -*ÐT

au(trhcn, = -("-å)å, -2J(a-l)å'= f .'. A = -*ry

.'. s¡bstttutfq for ¡I andi B

-h**t = . dLr

u-(a-

([¡
kr¡PFt

2(a - ll' u+(.-Ðå

Boecusr of ttre ohepe of ar¡oh e fr¡notlon, grephf.ealþ thc lfmLta
1i11

orict beturcon -(a-x)ã to -(a)Þ a¡a fron (t-*)Ë to (a)ã. .{a thcso

a¡ce8 s'rl the oaJûer th!.c J.s nodLfl.edl. to tmloc tho intrgretcdl, ar¡e
'r4

fbon (s'x)z to (a)ä

È
I

I

I

I

I

I
I

'1

(e'x)-(') -(o")
L.
2

1

2 (¿)
1
2



t

t5t;

u+{*- {o*)*

gr (rr. l
(.)*

{s¡¡* * (r - {d rt (*-

{¡rd - (¿-
a

{a} + {r*

frna

a

ffi¡g d, ¡o b

n*t.*

t

å
a .J

t* *þË
a

{*d +{r- t
(r)e * (r -
(r) -{f. ]

*

to""ù - ¡-(

-

*
t¡

{

r-ryã -

r-*+
l*(-Jì- ''r * ¡flb{-}ì, tr?Ë,
1-(-.5)

bt -T1*(t')t
I

l-, 1ß

-:¡lil?-k-t " f #
- *tl

{
(")?

(r'x)

Ë

'rüpr- o#-frr,

''*,ft',Í-fr1

t

r*"a*<t

\mt ".f *** - d

(s)
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Thlø intogral lg a stanalafdl f om of, the integre^l

t a
a¡ote¡¡J

a

.'. Coirvæting

k¿rt 1
(e)

1

E

(",-r)
1

E

ü

2

(å
")

a k*p (I:)= - "rct',,if:r-) 
:-1

z- 4 i- a'

Iarctano ta (+),b
\2 ")

T
D
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-gsEu

'rye .¡d¡De the rcaotlsn to Ue (ln brlef)

k
AlEtr.D.P.E. * 2r1-ootene -o pnocLætr)

.'. Ratc = k_ lempl,ex] [l-octøre]n-

Howwcr thc æ¡rr{.&ntel conclltlonr a¡s cr¡oh that [oouplex] lnlt g CAlt

tù¡s total trlettrylalr¡ninfi¡n eonoentretf.on wprcs¡cd e,! &ono¡xdrö

.'. Rato = kncåf[l-oetsnoj

If the tnftiat oonoortretlons of e\yl e¡rct oLefln arú a anil b a¡¡d

x ls the kt¡¡otlo proilrrct forrcil aftq tlne t, then ttre rech¡ccdl

sonoor¡tretl.on of roaotentc are (a-r) a¡A (U-ae).

Thuc thå illfforentlal form of tÌË rete rquatlon ls

# = ko(a-x)(ua')'

Intcgretlng with reopEot to x

.l' 
no* = .Í'cæfftar

anð lntcgratlng by partt a.l fYaotlona onc obtelng tws ælutfona

for the f.ntegretoil rctc equatlon, dlcpmðtne on whtoh rcactant

1s ln gÈoiohlonotrlc excegs.
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'lIhea a ¡

I'jhur a q b
2

!
2

Lt =TÊ#t'&E#*.

n,t =TffJ."rf{*#
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Before oonfteaeir¡g a digeussLon of the praotica.l applloetion

of, oonficls¡oe llnl,ts eÉ e sta.t1stloa,l tool, oac nuat bftfel\y

dsfl¡le tho basie of rogult signlficaloe, Ìrt¡ich in trrn, laecls

to a dsflnition of cor¡fidenoe línlta. Ihe applíoetlon of tbese

li¡eits to þrpe exa.m¡)L€s ean then be LDustrated.

If one oo¡rgÍdore two separate populati.ona, both derived fru
the ¡a¡rs nee,Burener¡t eource, th pìJrpore of efgnlfloance tosts

i.s to aeparate ehance d.ifferenops from those whloh aouLd not caaiþ

oecr¡l by chancr.

sùatiEtLcsl dgnificûnce iru'ers the rllfferer¡oe whl.ch canltl

not easlþ have ooou*ed. by cha¡ca.

lnitlelly, a tgrpothosia 1s madc thet ao differenoo ocourst

a¡tcL then the probabllity that an obseryoal dffferenos oould. be

equalled or exocedprl by chence if the t¡ypotbssic i¡ tn¡c.

ûnoc tte level of eigni^fioance 1e d.ooided., the resìûts cen

then bc rejeoted. or eccepteil. The a.oeopteå divislons of,

probaþllÍty are (probab'irlty rarge 0 - 1):

p > O.1 - not a slgnif,lcâ¡lt cllffdrenos - h¡ryothoslo eoocptoil

0.1 1p> O.Oþ - poeaibJ.y signlffoant - hJ4¡ottresla âuspßct

p a O.0þ - a cl€nifÍaant dl-fferer¡oe - h5pothesis rejectecL

It ie omveniont to cleflne dagreea of, freedom hene, ¿ term useal

to expreas the retiùlllty of a,r5/ aal,ouleted. stetlatfc. Each
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pdraneter from a group of dgto omsumes one degree of freetbn.

Thus for n obEe¡satlons, ono has n degrees of freedorn. ff a

totel or meen value le os,J'cuLeted, then a dogfoe of freedon lc
i.oEb ancl ar¡y varlanee is baaed. on (n-1) ctcgrecs of, frce&n.

In rogresslon analysis, another tle6ree of fueeilorn would. be los!
jn caloulatlng the elope; heræe e.r¡¡r varlanoe of alope utll.isr"lt

moan velues Trlll be s,rbJeot to (n-Z) dcgrees of frcodlour.

i;welopment of Confitl¡noe Li-uits

The derelopnent w111 flrst be ooaflnecl to populatlons of

y at neaeured x. Once confidence linitg a¡e dlefinedl 1n thesc

totmo, the forrnul,a cen thsn be applleô to rcgresalon ana\rels.

Let us essune a population y, wLth a nôÊ¡ value i, *0. "
ståndard. ilnrfatlon Sr.

S.D. defLr¡Ecl as

itsmrne aJ.æ e efuuilarly neafllro¿l populatfcrr yJ üIth n€a¡r iJ.
Our sarrple yn rrtth re.n in is drawn fron the ¡r., neaeuredl

population. Sunnar{.efag, we havc two populetS.onc¡ lcnpwn ¡r¡ 1s

coinci<lpnt rith hronn yr.

The elter:oatfve tqryothosle to teút for any tllffæencq s¡rd

if so, ln a particular rÉ¡potlon. ConsLdæ å, fee,L lncreaæ wh*e

oråginaI þpothesl" % = lj = ll
alte¡netlve h¡rpothesío H, = IJ t It

2i)(v
L'

n
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whers thc populetion næn i ls detæminecl by the salnp16 moan
.l

lk'
Now becauso of, ths er$re¡{,nenta-l verlanoc, it wLl'l not abayo

be equal. *o it. the orfufnal. trypothealo !.npIlee tbet tnd¡flnitc

6aml,:l{ng (a lerge a,nount of, data) uuEt ocour before thcac tro'

val¡ec approaoh cgualåty anô therofore i, = ii.
To d.ctmlne lf tho obserlrrecl value la oon¡Lstsrt tvith the

tr¡¡potheata¡ tlre Bnobabflity that a eenple wlth a moa¡¡ aa Sreat E!

iU oouta have becn cbawn from a populetlon rlth a ncen yr, f.a

oaLot¡latod¡'

rlryr essunedl normal d.lstributlon of yr e oan bo trangeqEcô to

the gtanclarcl forn by a zultabLo ot¡a¡¡gc ln t¡nlt.

aö
a

vJ

[hc probaÞtltty of, o:æecdlng 11 fe f,eund. fron süanclarit. no¡mal tcÞlc;,

foe¡ the proþaþtltty of exceedJ.r€ (ik - ir) 'nè honec tþ

probabillty of the orfufnel lypotheais being truc.

Slnoe.yk and its æror arr6 knour¡ onc oan Éa.loul¿t¡ tls llnftl

frXthlú rhlah ths trr.p va.&¡e of, yJ la ox¡reotsð, to be. lbssc ltntt¡

ê¡é tarneet Cor¡flrtøroe IrfoLts.

Âsgunfng e rtdr, an that thc truc velue of íi lr outstdls

thcse lJ.rnitr¡ a¡rô this rislß lc dlvit!¡it fnto å a ebovc the uppæ



üft
¡¡d¡ caå | Lr¡r lb lr;$ llßr tur Ë i.br Í¡tâ lc Lr
Ëlr 

"¡¡Ef 
ú i. ülå l¡ ancl¡lrltL ¡rrÙt¡iç!. 
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If r tçtr L }u tFil ¡ mnrl dttrÞËl¡¡ rltà r
r* ir, tb¡ t¡r tÐút|,¡la¡ lr¡3, tårt tb .Alc rr¡ ú,ll
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t¡tf

f¡ ¡trp þ
t\ 'rJ
5rF.¡ þJ

t -í¡"tç tl;.;r.(Jl)

t% 'r¡ ' f¡Q r+ru.þ¡)

{üil o tü¡ tlüìflËtlæ oqvr

vj

I
2

a

-;b ¡rÒùfltqt tbú f¡ 1{or s¡t$Ð tb llÉtr lt

t¿tü rÌbilr It

Ëür 6{& t¡ r c/ar

ir!

E.(vr) )2("¡(å)'

cæærg, lf r¡ fu bn nê ur{ to rdtrdr rJ, h tùtr 1r
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a probebllfty thet y
J

rll'.t be outslöc tho U¡ltc

í* t t¡(å) rÍj'Iio Y* a

Thegc ltults a¡c thc 1o0 ( 1-B) % oonfl.ct¡noc ll¡lts.

our ør¡ler!.uentel re or¡lt s 6ate c srsta,nt a, ArrÙrcniua Paramdt @s

eto.) re\r on clopee d graphs of y populatlon data et n¡¿surod

x valuos. It 1¡ !-uporta¡t to tøow thc dgnlfteanoc oî owh reaultr,

a aignifloa.noù rcrillly l,l.lugtratedt by oor¡fldl¡nol ltnit¡.

fdtfsfly, r. atre t¡tæelrte¿ tå tþ rclatlonlhlp betncur i

anô r, eapcotetþ frcn the na,thmatloa,l nocþI antl te¡tctl rftb tltc

dlate availabl,c. Ího slope b (trE regroostron oscfflofæt) 1r uar+Lly

cl¡tc¡tincô by tlr nctbodl. of IreagÈ Squa¡'aa. Howcvór, tÌ¡e LeeCt

squa¡6! n¡thodt by ltaclf givea no Lnilloation of, tbc d¿ta

reJ.f.aÞllJ,t¡r.

Now sssum'tqg a norma.]' iü,sbrlbutlon of nea¡uredl y valuae, enil

nitbout prior lcrowledge oú thÊ regretalon oquatl,on, e sa.u¡rle of

n va.lu¡g is ilrern f,ron the y populatlonr Îhc bogt o¡tlnete of erq¡

fr¡rther ¡r veluc ilraçn at ra¡clon l" i. The *rror tn thlg Brecllotetl. y

value ia the rrn of

squares = l(ff i)2.
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Briaf\r, o¡nt the ragresslon equatlon of y or x Ls kþoED alrdl

hav|trg ncaú¡redl xrr the best esùlnate of any y, la

ii=ir+b(x*-Í).

lhe ernor l¡ any 11 fs givar e mf¡ir.Eus taluo cqtral tc

(etrn of, rsuaree) u = i(y, - i)z - tr(:' 
- i)!1* - i)12 

.
Ë(tr - Ï)'

fhc d:lf,fæønoe betreen the Er¡m of, B(ßlârcc abovr ropretwrta

L, thc ¡un of sqr¡{rrs apoor¡ntert f or by ths nogr€ssloa

thc paraneter cvolvedl by ths trlnesr regroaaion tq¡uetjon wtll bo

subJ6ot to va¡lanoe Ln the meaculecl y populatlon. ftris er¡ror va¡ianoo

wiJ-l be gLven þ tlre ûþan Equare abu¡t ttro regrcseion liae, So2.

l{ow the rogresafuu coe*fioÅent b oen be shorn to be
n

þ= l=n(*r-Í)(yr-i)
-r2x,)>:(rr

ft.ewrfttng tJoia equation end knorvlng
n(") r(*.-Ï)=or

L=1 ¡

a

a

(U) 52 = erl,e¡rlncntal crror vsrtarpr 1n tùre oboo¡r¡od. y value,



one cên then sflolr

the va¡1a¡ae ln b =

end thê útÊndsrù mor fn b
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S
o

>-l (x
i=1

-t2
]C,I

the 10O ( t - B) ii corrfidence lluito ín b will b¡

*r. ;) 2

!)

E(
1=1

The llne of best flt botweer¡ estiinateð yt for meegurocl x, ie

Îr = ir + b(x, - Î).

The va¡iance fn thie llne is

= verta¡¡oe (ir) + varia¡¡ce (b).(", - i)2

utttJ"-t).

s2
0

.'. standarð arror * 1r = so(* *

^2.)
_ -.9- ^n

t -r,2\xr - xi a

1

n
l-, ( lr.I ;) 2

(x, - i)2 ]¿:

)n
n¡-

(*f -l2x.)
1

'r'he standarð e¡ror witl bc a nir¡f¡m¡n when x, = i a¡¡d- inoreases
L
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aa (x, - Ð2 l¡rcr.a,rca.

llhe oonffulcrnc rlEita on y wlLL be

(*r -r_x) 2*
rc.I,. = i

*r. -r2
x.)

Exper'á.nenta1ly, the follorlng stepc rucrt mg.do:

A Gal¡t¡Iatlon of the least sqreres alope b¡ the üerlng

of the ì;lnc of best flt, eubstftutlng knorn x valuer fnto ttre

eguation for thc lLne of bert f,ft¡ the oalcuLatlon d the

stE¡ilerd. dlcviaticn'bcrüsoen y f,itted, (f..e. y leeot aquårør flLttoit)

and y nc¿gured. valuor¡ tho oal¡r¡lation anil dbawf¡rg of tha

oonfidenoe llnlt lryperbolaa about the leaet squsret ltno¡

ffnú\y e plot of the neas¡¡locl y itate aÞout the leest aqueres

llac a¡rl vlthtn ttp oosfldenoe ]t'nlt cürröBr
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