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'lb aimUltu.eOWJ 180tope etteete have~ 4etexm1rled 

tor the !~&eft ~act1on.1 i.e., the tb tma1 4ac01'1Ui10a1tion ot an 

xanthaw oter. l'he ratio ot tbe n.te eonatanta, ks~, was tO\md to- 1.009 tor the thton sulphur ataa awl 1.002 tor tile thio-ether 
' , 

(Nl~ :taJs • 1'Jle ate l"attO 1 v~., 1 for the ~te cari)on atcJD 

wa to.un4 to have a val:ue ot l .000. 

!he fin~• of prevtO'tlf inveat:tpton of the 1'schugaett re

action he4 been con.~1etent v1th either of t'WO mechall1iilmB. However, 

llith the detel1D1l:l4tion ot the 1sotoP' effects refem:ed to ebove, 1 t 

has been poa8tble to cU.et~ah twen tbe two poee1ble ahanisms 

and to pin ~idera'ble tnto tion aboUt ·~ t1"1me1'tton state ot 

the 'l8cl:lugMft reaction. 

The measured isotope effects have been CU.ecussecl in. tenus 

ot igeleieen1s isotopic rate equat:ton. In e&Ution, :tt be.s been 

Zllaillner the 1nterp:retation ot the meesured 1eoto 

quanti tat1ve . 
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t oeompasition of tb thate ester of an alcohol 

to g1 ve an e.l.ke ) e bonyl autphid and JMt"eap 1& I'LU\.~WU 

- ..---,_ --..,~ 
H OOSSOH 

3 

thyl ter i us · U.y ecptoyed in 

tura; d 

l.i~ into an o-r attic mo1oeu.1e; e eh aoatated Yith eerto.tn ad

v&ntages ' 11. W.t ons . ·Tno jorit:r of elittlination reactions 

pr~d 'Via. n tonto i.n:te:medi t ., nd th ir OO$t ser1o U.mi tion 

is th! oec 

t on d1ff ra fr tho o el .ttons in t ~ 1t khibtt re-

has found viM appU.ea.t1ml tn tOO fi l.d Of ayntootic organ1c 

ehe utry. 

ted that, in trans le nta loat in the fo tion of 

an uos.a.tul' ted li 

ng, them the Tschug :ff reudtion. 

!t re etion that h r sen be pres nt 

ia. ort ntatio with res ct to th xanthate groupin • 

... l -



!!!!. el 1 tton is 

1s an intr lec~lar 

ntlm.te gro~ins · s 

n.t in the uo l 

the action 

J that 1 , one of tho sulphur a of th 

s tb ~Ql pleyud by th nucleophilic ... 

~rogen 11. undo .btodly involv: t fo ti o cyclic int r • 

rec i wd further upport fl"' kin tic 

ciz or cntatiotl Vitb -

state is 1 

1 r.rtU.l the au'bJ ct of lilQ dispute . 'the di"'"'-'TI"'"'' .. 

atom 1-n tho rate temtntnz. &tel)+ Two chants have 

ed. 

n pl"o-

Mechaniam II 

' c- c/ 
/j I' 

0 H 
r 
CSSCR,;. 

"/ 
/ ' ' /. ',, c 11 

/
1 I 
I I 
I I 

Q~, ,S- OH ', ,' 3 
'c" 
I 

low 

.. ~ -

f t 

0=-C R COS 
I + 
--CH3 CH3SR 



11 1n hich tl'11o th r sulpaur ~ i 

pictured bont.Une v1 th the hydrogen atom., baa t: l"E!action pro .. 

c dines in a single s p thlto an activated conxplex vhich le dG 

directly to 11 three product • In chants II tb.B thion ul'()hur 

ato abat\"acto the bydroaon tam tn the rate-detend.ning sterp giving 

rts to an thtc acid and 1 ne. The mntht acid, if :formed, 

would be an unstable intertllfldi :te and would decQtn'PO. in a. ra.pid 

seeond step to esrbocyl sulphide 'Cethyl re4ptan~ 

Th whtl c ..:siee.l thods such atertc kinetic 

tu.diea could and did lead. to general :tormulAtton of the reaction 

chanim, t y e.f:tar ed obvious method of dUffJ ntiating bet ee 

t tvo chan1sme iotured above. -re 1 , bowver, a thad of 

gaining an insight into the ~rtioe ot t tr tt1on state. Thte 

urement of ii&Otope ff' ct • The 

obJoet of this thesis is to dec.ide betwe n the two pl'f>po~d meabe.ntuu 

by o:ffert evtdenc obte.tood tro euch ts . 

'liro isotopic s · aies vill exhibit dU'ter nee in t ir 

relative ratt!s of r~aotion wher ver t 1-r bonding nergy unaergoo 

a change in the ste controll ng the ovel" ... 11 :re tion rate . tnce 

th cbatllc:t$ in bond.tn ex:pe;rteneed by the thion and thio-etber 

sul.phut' ~ re very differe t in tile tw chanis , kno'\lle~ 

ot the 1 oto~ic tr&ctio t1on incurred by the v111 1,_1t 

the assigning or defintte rol~ to each tn the ra:te-determtns step. 

In add1t1o 1 the chanisms tnvolv quit ifferent bonding c~nges 

tor thr:l xo.nt :te e bon 1.\tom, an ~ therefol'e, info tion reae.l"t'lina 

1t isot.opic t'l'a.ction&tion should l.a.o rove h l ful !n d1stinguishi.t'l.g 



o po ibiU:t.ies. 

It ie posaibl to te p~ed1ctions eoncerning 

he gnit. of the ittoto · eff eta to be x:pected fQt'" each 

und. ving a tural a un ee o tbe 1 otope 

in t t t 

d~d to a tn • Henee the :predtetio dUo 

8s216s4 0ta/cl3 

2. 

I 

te termini tep 1 vi th the 

sul:t tbo.t the isoto et:teet to-r the th1.on au.tphur e.'Wfu 

ebou be very · lt. 

Conw ly 1 b: tllio 

l.&.'rge isoto effect :tnee tbe bo · oet~n it and the 

carbo atom is brok n 1n the nte<oottete ·t atep. 

For th sam.e r 

fairly larGe tfeet ~ Concuttent « bond to t ton bf)t en 

the c bo · nd o:x.ygen :toms tlligbt t& · to towt" the ff ct 

from. that expected for . 1tttple bond cl avase }>roeesa. 

t'! et shou corr 110 . elo ly t.o 

t t 9h&erw in ordi . deca.rb xyltl.tton ltO ct1ons, ly 

2 to 3 pe cent for c12/cl.3. 

!!£;cba.n1S II 

1... caording to tbi$ . eb.anta the thi·on sUlphur atom $bstl."a.cts 

.. 4 ... 



th~ st bond bet. .. en thia $U.lphu;r ato!ll and the earoon atom 

1a h-roken.. 'mUle th(l: 1Gotope eff~ct rcaulti~ from n bond 

olE'ta~• vo\4111 not b e~o.wa to be as great as. that tram 

tb~ 'bMalting of e. •!e!! bond., the c:tftee:t should be o.pprect ... 

able, ~rha-p of t11e order of one percent. 

'2. The bondina between the thio...ethet' sulphur e.t..mn and too 

earbc>n atOUl ~rgoe.s no a:pweeiable oha~ in the rate ... 

deterrain1nt atep of thi& eba.n1sm, o.nd thuretore, only e. 

vecy sma:l.l effect, at the st :lew tent.h!i of a percent, 

1$ to be e~cted. 

3. 'fb.e l«m:tba-te carbon totll is unique in that it undergoes It' 

bond torm.ation cmd 1llea~ Vi.~h the oxy~n 8.rid tllion sul• 

ph~ e:toms 1 r~~crt1ve]i.J. W®oey would predlct tb&.t w;tth 

th~ tw pl"'ocesJeo o.c.ouTt"'inG o:ooou,n:-ent.l.J end to about the 

Satlllil extent itt the trnns1:tio.n stAte the tsoto-pe ~ffaot tor 

the ~rbon atom shoald be veey mn.all or ven :11.ero ~ 

U ttentio~d 'be'#to:rEt, the prod:t1C't.S of the fac~ff reaction 

re an a1kenl\l 1 Mt"'oonyl sulphide a.nd. methyl •;oeaptan. The latter 

two ft'OOU.cts. wq be identifi.ad with tt1C threfi atQmJJ: dtscus~ied above. 

'The· sul.ph\W $.114 carbon in carbonyl. sul.phid.e con-espond to the tb1on 

aulph'tlr and xa.n.tbate evbon: atou. The sulphur a. tom a:ppear1n..g. in 

the metbyl ~eaptan is thiS! thio-ethr!r sul.phut" atom ot' tM xanthe.~. 

Sineo the ~Ul"'emeut of ~interm.¢leoulnr tso~ fi'ect S.nvol.'VQ$ 

the dete~i'l'lation of ieQtc)1c rat1os in bOth ·the ~~te a;nd 

p;ooducte; it hM b4eu tlil)tJtHlDary to develop a ,_t~ which would. 

pemtt the quafl'ti:ta.t1ve &~ration and reooveey of a.tl three· of 



the atoms vhone 1sotop1e -ratio &t~e to oe detem:~.n • Incl od, 

tlta't'efore, in this t.lll!ta.ia is dincussio of the method ~sed for 

tho! quanttte.tivf) s~ tion of carbonyl. eul.phide and thyl r .. 

ea.pta.n1 and t :te carbon o.nd 

th<! tvo sulphur to a fo sui tabl fo'r s et ter 

ly$1 , ~ly oulphur dio~lde d carbon a1o 1d • 

... 6 ... 



!n l899 a uaaian c~~t ~d Tach~aof1 published 

paper 1n the ~rich~ dOt' ooutDChcn chend .. scll(m Gesell.:!Jeha:t't I in 

vhtch he ~~H!r:lb~d a n~ 11ethod. ·01' obtaining olef1n.$ i"rom the cor• 

nspond:tng aloohol.a (l.) . "L'h~ UBU&l t~ of el.iminaition retlctton, 

in whieb the Q.teohol. or alkl'l :hs.li~ t• th~ Nd.Cte.nt, 'lnva;riably 

l~&ds to l'eart:'Wlg1$d. :products t bu.t T~eh~aet'f found t.'bat by employing 

the xantbaw e::ttet' ot' the &l.eobol in t1 pyrQlytic decomposition, the 

f~t"'U),Q.t.1on of !l1ueb. l)roducts eould 'be avoitled . 'rhus ~ ~s~h1.1guff 

~aeticn,. a the mtMd ha. . come to ~ eat'ted, possttssea a definite 

f&dvan:tage o~rer t'M couml.OU el1mtne.t1on p-roaes$CS o.f dehydration or 

Q.ebydt'Oh&l.o~mg.t1on . 

!hi adve.n.~ ws el arty evident tn Teeh~ff's Ol'1fS1tk'1l 

1?3\)$1", whor~tin ~ d.$cmbed t• eonwrs1on of s ... methyl tll.Elntey'l 

xanthate to tnenthen wtth veey little l.os01 in ~piteal aqtivtty. 

:tn subsequent yevs1. 'l'.eHl'h~ff pu'b.ttahed five liON ~-per3 ('2 .. 6) 

d(lla.ling 1rlth e:ppli~ati,OOt$ Qf thta nev l)roce:d.1~ in the ftqld ot 

te'J"pene chemiQtry. 

As T$c~f:f' e ori..ginat pa.:pertt omitwd tnany of the details 

rcla:te4 to both :the net' 1n wbich till$ reaction~ carri d out, and 

the Jlellhl obtained., ~Al»ine (7) t'ein~stigat d the d.e®mp¢31tion 

of S••thyt menthyl xanthate a.'!ld ex.t~nded the rea.c;tion tQ t'be 

s ... taethy1 · ster of bornyl xs.ntha:te·. She ean:ied out the decompoett'1ons 

• 'f • 



in e vera.l va.ys, b :ti the e ter al.on 

nd d1 t1111 ter in v: cu • In ach c 

olvents 

the pr -

due 

red the the 

thyl "'reaptaD. 

1 1 bilit;y of 

the thyl, i ovrowl, btmsyl and et.er of nthyl 

thyl gl'OU}) by o.nd bornyl. tha • She :tou;o.d that t epl.aci 

1aopr wl in it r t'M .... ntbyl or bomyl xanthate ster 

dec ed t t oo ney t rd & COUI}.)0$1t1on. A deere d the l 

stability was noted for th nzyl and ~ .. nitro nzyl s rs, the 

l.att~r eater -~~wi the greatest ndency towards dec s1tion. 

A curious d ecoveey a.ro out of V.eAl 1 e • s vork. Sh no d 

that di til :t1on of c rtain of the xa.nt tea resul in the 

to :tlon of ub tance indent1ca1 with tb or1 inal ater in com-

position, molecular w1Sht, o.nd phyaic 1 propertt 1nclud1 melting 

points lon or ~ix d, but ditfer1 in the~l eta 111t-y. n w 

ub c r qutred higher te rature for dec ition, but g v 

the pr ct t original ester under o~ t'Y1 1mil.a.r con-

ditions. These eo ll d ,.ata.ble" fo could atso be fo d in 

certain 1nstanceu PY heattng solutions of the xnntbates in variou.s 

solwnto. nthyl thyl xan.tbate for example gn r1 to its 

tabl t'ona lcoholie or etby ne. di amid olu-

ti.Qn and., under ce tn conditions, by d.tstillation in vncu • 

The bornyl est r formed ite table COD.tPOund under e.ll co ditions of 

decomposition exce~ in nitrob nz ne solution t 200~c. 

ubetitution of an 1 opropyl group for hyl in nthyl 

methyl xe.ntha the tenden<~y tor th fo :tion of the 



nd l?!!!:.·nttro n .yl oups, on •• ot r h d, deere d th 

of the s le fo 1 t 

rrect ve i this res ct. 

~:>.Qo (25) while t yi z.g ·• l deeo tton of 

• ntbate · _e beta h - o referred o the 

occurrence of " ve1: 1 in t c a ivet d 

the stab l.e to hown to b isomeric dithiolcarb te vhich, 

lo r 

(l} nhe 

jo tty of the 

I 

co unds (I) md (n) 

iu rie d tot' 

thyl cyclo xyl. 

aitio , but 

c 3 

\/~ 
Q s- l- e- c3 

-C 
I 

Cli3 

II 

nti ely d1ffet"e t propert1 s both 

physi l an c 1<: 1. Although tbi b in.de con r ton of 

tbate to table c un , 1 t 1 not :ca ogo to MeAl: 1M • 

ntly differ d ~ th or inal 

.Beba.vior simi r to that observed by 

(!l). 



Bulmer (lnd ~OO.nn {24) vhile studying the thermal properties of iso-

meric xantha.tes (Uld d.ithiol.carbonates. They found that 0-:pe.ra .. 

chlorobenzyl S-para.-chlorobenzyl. xa.ntha;te (IIl) when distilled a.t 

either 0.5 or 18 mm isomerized to a stable :form of the isomeric 

dithiolcarbona:te. The dithiol.carbona.te itself', s,s• ~bis-para. ... 

chlorobenzyl. dithiol.carbona.te (IV }1 when heated a.t 18 mm decomposed 

affording 4 1 4 ' ~dichlorost11bene {V) but when distilled at 0.5 mm it 

wa.s converted. to a stable ft 'ltn . The l.atter had the same c<."mposi tion1 

molecular lteight. and mel ting point as the parent dithiolce.rbona.te 1 

but possessed a much g.t;•ea.ter thermal etabi li ty and could be distilled 

at 18 mm without decomposition . 

s 
Cl o ... Cliz ... 0 .. ~ - S ... caQcl 

0 

Cl oc~- S ,.. g 
r1 

lii 

.. s .. cnQc1 

or 
18 mm Stable form. 

~ 

~ 
18 mm Clo Cli= CIIO Cl 

v 

There are thus stable forms of both xa.nthates and d1thiol• 

carbonates. The stable form of the xanthate is identical. with the 

parent compound exc$pt in those instances where no replaceable ~

hydrogen exists, in which case the stable !01~ is the isomer ic 

dithtol.carbonate . No suitabl e exp}.a.nation has been offered for 

these phenomena . Tarbel l in a review of the chemistry of sulphur• 

containing compounds (23 ) suggests tha.t the distillation l eading to 

the fo-rmation of the stable cottqX:>und may in effect be l"emovi:ng a. 

.. 10 .. 



chain initiator in the ON ! an t urtty. Thi o unl11m1:t 

111 vtw o:r the f ct toot kin tic stwites (20) bavo how that 

deconJPOs1tion 1 first order an not chain nation. Further, 

repeated rCGt"YGtal.l.ize.tion of the xantb.e.t in no ::1 deerea.ses too 

tendency towar the f t1o of the etable e~und (24). 

Applications of the Tsehugaeff reaction to xantbatee of 

varying r~tur l typos ha'll1 a.'J.)'PI! ed over the years have 

estab11 .... d the ~rsa.tility of tb re ct:ton. It found to be 

d Soahansk1 (9) prErpa.red t•butyl-

etbytene (VIt) fro the .mmtnate of -pir>Acolyl. alcohol (VI) without 

any accOllq)anying fo-rmtton of t tmmethylethyl~. 

VI VII 

_ thin d Brus v (to) vol"ked with vario - eyclohexanol dertv. tives, 

e.g .. , 4-methyl-c70lohe.."(en (IX) ~ obt4tned fro the pyrolysis of 

s- thyl - t~lcyal.o xyl xanthate (VIII) .. 

+COS 

+ c~ s 

VIII 

- 11 .. 



t"e'Pl.ac abl(t E2,__ hydrogen nveatig ted. by Nal:n· thin nd. 

Kuroa.nov (11, 12). The pyrolysis of S• thyl benzyl xanthate 

yielded a d1 ric prod.u.et, l;t2-dip'henyl.-~athylene, 'While the s-methyl 

tb.ate of nab rol under imilex conditions was reported to give 

tetrtlpherqlet .. 1 • Ste ns and Rte nd.1 however, on repeating 

t wrk (13) with the xant ;t d rive t 

t product ~ontain d. no tetr ;phenyl tl1;ytlene wb.a.t oewr, but con .. 

tlt.sted enti ely of tetre:phenyl&t~ and diphenyl.etha.n • 

In 1.940 Huekl 11 Legutke and. iJ.'aPP pu.bl'ished a tmper (1.4) that 

establisltad the aterto eourse of th Ch v reaction. 1ly ear&ful.ly 

sepa..ra.ti.ng en noting the yiel.. ot th va:riows -produeta bt4.1n d 

:t.rom the 'the l dtlleompoaition o:t t xan:tbateo tl.ert~d fr ( ... nthol 

S .. neomenthol. cmd several isomeric dee lots, t1:le su:r:pr isilli fact 

sult is in direct eontrut to that obs rved in the 

elimination pre a of hydr :t1o dehydrc:ihn.lo enation 

the reaction i not at al l steli'os c1f1e or a ta,. ... hyo.rogen, tra.ru.J 

to the byd:roxyl or bal()Gen1 ts re.tno1\l'fild.. Below ts a. list of th 

l¢c>hol& whose mntha.tes t'& subutit~d to t rmal d.eeol.'l.q)Os1tion1 

togetheT with the products bta . .d. 

.. 12 -

1tl/o 4 3 ... Menthene + 
3f11. .o.2 .. 1gnthene 

<t'l 

8C1fo ! 3 -~nthene -to 
2 .. ntbene 

8o1- tt-an& A 1'
2 

· Octalene + 
z~ Al• 9 -oetalene 

a lt9 ..Oc ten + 
2Cf/, -tre.n· .61,2 ...Oete.le 



9Cifo · ~1., 2 -oetalene + 
l' · A ' 9 ... Oc:tatene 

2 
A -Gc.:tal.ene + 

... o:ete.lene 

Th Rowm n~ls following the ~ of tb CQ1'4'POund serve to 

d:1ffe:rent1ate further between tha isc:.-1nere. 'l'hws the (I) placed 

after t~-o<. ~eea.lol. i plies that the hydroxyl group bears a. 91!. 

ratattonahip with res~c:t to tl:w adj cent hyt'.iroeen a.ttaohcd to the 

ea.rbon a:t.om oomt1an to both ring$, i.e. , 

'fm.t Botllan Q~~le (n) sisn117 G. tve.tm rE'tl.ationship btttweo the same 

two aro~. 

the ~icnl.ar ~rot;Gn atom lost in an ~Umination ~ctt.on 

d~ Mt only U'pOU the tet"1c Nl.attonship 1t bears with respect 

to th~ ~tha;t~ Ettou-ging, but al.so \Jl»n the natur of the elootrieal 

efteote opero.tt~ ta the no~t mole<:ul.e and ill the trans~:t.1on atate 

(29). for cert tn type of elimination ~actions (tn -partteu.1.ar the 

conw:raton of alkyl. haltd"\tf!J to l~tl$&) the polar etteets can ~ 

s ~ell by " a.ns of an eU).)irica.l. rule propo~ed toanY J1!tlrs ago by 

S~yt•eff (30) whteh a tes tbo.t the h)ld.rogen ate lost wt.ll ~ from 

tbs.t ~bon to vbtob ar a.tttJ.ob$d the· l~gest number ot e.lkyl. groU1,lS. 

ft.e rul~ W ca.l)abla of ~ theot"Qtieal interpt"etation wh n the eleetri ... 
/ 

cal tfttlqu.i~nife of the t,r~itton tta.to of a 'bimolec:ul.al- elimination 

re~tion at" cou:ide-red. 

... 13 -



' I Y + H- C- C-
/ I 

""""..c ... rt:tng group 1 ·noted by X 1 

che.ra.eter 1 being initially either 

neceas ~ly leotroph111c in 

tl" ·t or positi vel.y charged. 

'rhe group t"epres nted by Y1 w'htch binds with and ab tracts the pr -

d.ete ini step, is nucleophilic and. i · origirw.ll,y 

eutr 1 or ne tiwly charged. In the transitt<;~n st te & dou le 

. nd is partly fo d bet on th~ o<. and j3 ea.r'bo atoms . A roup 

which cau eontr but charge to th1 r g1on of ina el etron 

den tty will s bilime the transition state and tb reby reduce the 

uer ot a.oti t1.on . Alkyl groups a.t ched 

carbon a possess thi very ability and they .xert it tb;rougb t 

ist.l'! of hypereonj :tion. 

~ leetron pair I:UiU'Jooiated vttb. a carbon hydrogen bond 

ueh les loc lized th th electro in carbon ~ c ~bon 

nd, that it 

coujugat on with an aturate c n+. r (31.}.. Tn1s 1 hyperconJugation 

ich is in the roceBs o fo tion between the '1J2. • and beta carbon 

• R 

n r of lkyl. gro · are attached 'Will t~ 1 v rioe to the 

tr nsition state of lowe t energy~ 

.. 1.4 -



f reaction baG been found to yield. products in 

o'! £!:!, o-rien.ta.t on of eliminated oups c uld t the 

loss of two d11':f'e nt hydrogen nT.t'"lll'l~, the 

be ov,n· ... riding. 

of Bu.c.kel•a wrlt. 

atott. 

Co und (X) 

tertc favmu- the los of tbe 

XUI 

t 

found to 

eyd.rogen 

lso posse s oi orientation w1 t r speot. to the XAUt f5t'Ou:p1ng. 

~ predominn.tiDG Pl." ~uct in wrrol.yn1 of (1) t.o toorefot-e ~ 3~ 

·nt~ne (XI), · ·ne~nthyl u.nt tEt (XII}, on th other band, 11 .. 

e me e too ster1c nd 1{;lctr1c l effects operate n 

... 15 ... 



oppo it ion to one anothel!'. The b.ydroeen tnest tavou:red for elim1• 

nation aecord:tng to Sayt.:ei'f 'a nle is tnms to the zanthat . groupi~. 

'I!h~ result is a p~n.dcra.nt tox"ttlatton o:f A 2 -weuthene (XIII) , the 

tl~ first of Ill 1a:r~ body of vorl>; w1ch ~fi> dmnonstrat d that a ois"' 

he.'!m ... lly<U-ogen :ts prefc:N.ntia.lly eliminated in the 'l'sehU&ae:t'f reactiOn. 

Hutllwl felt that tho 'rachUga.eft r.ea.ction r~~t;»::sented an 1n ... 

tna ·that in the 

'rech~t:t reae"!.iion the grou:gs denote<! by X a.nd Y ~ both provided 

hy the Y...&nthate &'t"Ott9. 'rhuu tn. ~thate aro'Up ta liminated sa is 

X whUe e~ atom in this group,. Ruckel envtse.ged the tbio..ether 

eul-phur a.t0111, e.C'tcing a.s the ~·~ Y abstracts the v;roton from the 

ee.rbon tO$. t"he result io the formation ot a t:Ji."'"'~r~ oyclic 

+cos 

X XI 

In pra;posir~ the eycl.ic tra:wition ~tat~, Rucl:..-&l eceounted for the 

~l.ous $teric behaviol' of tbe Tschugaeff r4':.tl0ti.on oin~ t:tw 

format on of a aix~mbel."'ed. ring :requi~a t~t th~ xe.nthatc;t grou.p 

a.n4 the beta hydrogen a.tOIA :poaaestt a Oi$ or'ienta"~ion nth Nspect 

... l6 .. 



tllli publication of a. per by S · ve nd lUebmond (13) in ow'h1ch 

· ction .. :tr 

cyclic tt~an ition tat for 

for putti forth euch a 

Tach 

r etion tba of th et tdnation 

alta. loth of thes rEI ctions 

~bors f l.t that a. prel ~J' iut 

pre nted by St · nB 

R- CH- CH- R 
I I 

0 H 
\ c=e 
I 
S H:3 

Rie nd.. 

at fott . d by 1 e lEt 

otion. 

· 1 piot d .low in t 

R- CH- CR- .R 
I -

0 
\ 
+C- Sli 
I 
SCB3 

- c - cHR - ...... ~ cu= CID:1 
+ 

+ C + ~SH 

1 9 i 1nted out by rton (1:>), 

.. l 'T ... 



... han tra.na elimination t 

mol. eUlat" lim · tio in th 

ta; e • An eXEmml· of u.eh 

~ng cyclic tr ition 

i. the expa. io o:t' hydr~n 

hlor1 f · t-b y chloride 

(c~)2 ~-c~ -+- (c~>r y-1~ ~ (c~ 2 c= cn2 

Cl · £!1.---11 + B- Cl 

For ueh · four- ~er d t'i.ng to fo , it 1 required tbat the 

U.mi d. th T' ; thus 

l B.Ciing to o s limi :tion. - or 

the Tsehu,s ff 1:'1 tiou, IS f.\tltlther xampl of 5!!!. qlimination . 

AlolW.'D.der rell: (1.6} extended the tel" oohemic 1 tuiU. a 

of t 'l.'$eh ff ct on . Their fin.rt :per d: alt. With th p-ro-

du ts obtai fro a ~lysi ot t x thate ~ r of 2~pbenyl 

qcl.obexanol . · ra.bino (26) 

tereoohe:mietry of th product obtained fr t.ha hyd ion of 2• 

~nyl. cyclo xanol ing 'Cor.amon de~t1ns ~ .1 bosphoria 

. it 

ter of 

stereocbami$tr,y of 

¢f both mA'r~nnt!n 1ctul"(ld. JJeh :tieall y b lov. 

... 18 -

th 
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m ~~eli~ II' ¢ 

XIX 

Dehydration of tl e e w phenylcyclohexa.nols With phosphoric 

acid or anhydride gave chiefly l•phecyleyclohexene (XVII) f't"om th 

.9!!,-ieo r (XV) and 3-poonylcyclohexene (XVI) from the tra.ns-iso r 

(XIV) another ~xa:mple o the well .... Imow f ct that elimination to 

form a multiple link, ing th comm£:m methodS of debydra;tton, ta.k.es 

plao m.o t readily wen ·h le nts lost are tra.na to aeh other (27) . 

The results obta.tnod trom the :pyroly&es of tba isomeric xanthate 

ter of 2-pb.enylcyclohe.:x: ol a.r$ th very op-po 1 to tho e j t 

outlined for th t~atmant of the leohol with phosphoric acid . 

The results ole rly indicate that tb· xanthat . decomposition decidedl: 

favours an 11m1 tion of £!! tement • 

.. 19 ... 



In allot until hi;;; t 

formed by ei timin t1on was th - ef ~d prod ct so ot th 1 O• 

limn t on, 

ther elimination nvol s 

tvo dUfcrent pl'Qces _ s oecun:i 

0 

ff reaction, Al~ r 

(17) ext thtl l d .campo 1 tio of th xan :te 

th xantbBt 

the. 

I I 
1 I 

: OcSSCB3 
.. c~ xx 

(XXI) to to yield ~%cl 1 ly tbyl• 

(XXII) cte , 11. tfut ~ o (XX) 

the lly bl ~· 

XXII 
ct . liminatto 1 t - nly 

.. eo -



is ry conoi tent rio: b this view. Certainly vi:th ~1· into tio 

t etton did indeed pro· 

re , 10 ve , o • point which 

c that Wit tl !!.__ fo eoltd, the cis -
0. li ui.d distill in the eo of it l.lri• 

fication. .. an ~1 ot the "sta.bl }• 

fo repo d b \ieAl: i • s~ne t re ul of tt ia tudy ~re tll.ere

:ro"~ not ntireq. eonclli$ , Alexandct• ond ~!IJ.dX (18) searched for 

b 0 

xantha.t~ of 2 · thyl-l·in~l · re found to 

.. rti . 

tbate groapi and 

l)OS 1bte. t:to.tw form of t xs.ntbate (XXIII} ge.V1a a 8(:)1, 71 ld 

ot 2 .tlryl,. ... l. .. i dell ( 

the lly etable- gi 

(XXIV ) by no m.e&J~G 

undM> ll of the pyrolyti"" condttions .. 

~ 1 l.d of(XXV). 

Ov~ 
.. 21 .. 



tt<tU'lS a.lthough the !'everse of this is not true, and 'Whits the con.

d1tionn under which the decompoa1t1on.a were catTied out would seem 

to be ea:pable of bringing about su~h a c::bange in the cue of the 

alcohol, no infO't""ma.tton 'WB given concerntr-.g the eon\l"et'tibility of 

the m foro of th$ xe.ntbate to the trans • The a;ppa.%"ent trans 

timinatton of the cis xanthate could, however 1 be explained on the -
basis of an isomer1Z$t on. The first step would be the 1eomertzation 

of the £!! x.a.ntha:te to the trans form, which then could proceed by' a 

eta e11m1nation. 

I 
I 

n
3
cssco 

XXIV 

\ 
\ 

H 

CH 
3 

I 
I 
I 

~osseo 

XXIII 

H 

Xe,nthates :posaetu:d.ng no Re"•bytl:rogen ato 1 it vill be 1'6• 

cs.ll~d, ba.v a tendene1 to itJOt!J&rize t0 the d.tthiolearbonates. lt 

i$ conceivable tlw.t ~~ such e ltXlV1 po$SGS lng no £!!.•beta

hydrogen c:tom, could have tbU same tendency. It such an tsol:l.'leri,• 

cation did Gccur in tbia ease, with an inve-rsion about the ale ... 

carbon tom; the resulting dtthioleal"'b¢n&te vottld undergo an eU.mi ... 

nation with a lose of .£:!! $\~,nts . 'rbb is a.nothe't concetva.'ble 

manner in Yhieb the e:pp!Lrent tr4M eU.-.inatton could arise • 

... 22 .. 



l:ydroeen atom.. 

A.u inter,,sting e;ppl.iea.tion ot the Toch~ff rea.ot1on and 

ito itnplied re~l.. of a cia-~ ... hydrogen atom \18-.G ~ by Cram (19) 

in his a~t':tet of ps:pet"s entitled "'Btudie.s in Stereoch~mistey. n C't'al%1 

vas eon.oe'l"ned vi tb th Wa.gn; r Me-&l1Win t;y-pa rea.rr~nt undergone 

by the ·coayle.t~ o:t the four isoGE:ric 3..phenyt .. 2 .. buta.nols (XXVI). 

H 
I 
- cu . 
I 3 
OR 

XXV:t 
li3 was a.bl.:e to a..es:Lgn rol. .ti~ eon:f'igurations to the fo\lt' etereo ... 

i~re s a nt$ult of' tho Te~•ment stwU:en.. Bovever, it W'a1S 

ft:::lt that determimt:J.on of the r-elat1w collfigUl'atiotut by em in

d~ndent method would be d.eaira.bte and. to this nd. ~ apPlied the 

'Xschugaeff "Mtion. AtJ an exampta of th mtl.l:4'!1er tn which htt 

xanthate$ of th~ iaomeric 3 .. J;)henyt .. 2-'buta.nols which tn Cro.m'a nota .. 

t.1on w-re lAbeled as IA and !!A. (Sec Diagt'am Qn Pe.ge tit.) 

e.nd thie info:t"tll£1,.t10n, to~ether vitb thO iJ.OW '®11.-founded MSUlltption 

that too Tachuo:neff reaetton tnvotves a oia elimination, enabled 

him to us tan rela-tive con1igu.rat1ons to t.b.e 3•ph~nyt-~ ... buta.nola. 

'I'b.e configurations tl.tTived. a.t tn this tnarm$r agreed. vith those ob• 

... 23 .. 
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... 

ainiug th relative conf1gu t .ons led to identic~l ~o ults 1 this 

adds further proof to th faet that the Tschug~0tt r etion do s 

ind .ed involve the los of c s 1"...,..,.. ... :.,. -
The kinotie evid nee of o•connor and Nae (201 21) pn::rvtd.ed 

urther eV1de1ce that a cyclic tr aition t te is 1nvo\,~d in the 

co uet 11 

c l~stanol d. e 1ole t reactions re foun to b !ir&t 

ordeT pt'oc s e and v1th energte of activation of 34 and 33 kcal/mol. 

sp cti ty . ntropie of acti :tion. o;t ppTox1matel Y" ; 

e.u. e fo 

dom are reet-ricte tn the transition state and: deft 1tely ioplyi 

. cyelie ch.a: 18 f r t · reaction. 

Tha.t a eyclto t an ttio state 1 valtd conce~t for th 

... 

T ehugaetf re etion coulJ no longe b questioned Vi tb such bunda.nt 

proof of both &t tc nd. ki t e ture . llowev. r, school of 

tnought a.roe M to tb exa.at ture of thie t~$.tion tate. The 

fi t, origins: d. by Hue* 1 ~!!. (11,)1 t vour d hydrogen bonding 

Vit.th tbe th o ther u plmr :tom, vhil Stevens ·and Rtehtnond ( 13) 

u.lphur t 

proton be usc, nt on: 

... 25 .• 
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cR===ca- ---• 2 2 
I 

Ro:R + CR2 cn
2 

+ x -
•. ... 
H----- OR 

\I c 
,/\ 

C H · 

.. - c- c-- -
+C 

/I 
0 
I 

ij-s-c~ 
f. 

t iG to b DO t t hile the is concert one 1 

l.altized mtb r ·han t · ground ta; form ot the s.l.ke ulta . 

~ re"Nn~ion of th polerued. tot";t ot ttl$ U~:ene to the ground 

tep. 

citing thia rk l o :pictu;r the chan 

on and involving the tht.o . t r sul:phur e.tom1 but fo 

/ 

I 
p-a-c~ 



'l!hil Sa.ut$ mechanism a~a.t"ed in a pa.pt:i!r by J.. D. Roberts and c. W. 

S..uer ( 28). 

St~vnns and Rtcbl:iond (13) tavom:'ed the thion sulphur a.to$ 

fo:r tw Nasona, the one being ~ t,;Na.ter o~%1\ll. chemical ore ... 

aetivit7 of th<:J thio e&rbouyl g'l."'Ou:p over that of the 'thio-ether 

fi$l'QllPt and tho othel" 4rawt) tram a ~r1ean ~f tbe thflrmal. ata.b11.'ity 

t the xantbatfls with the ditblolee.rbonatea. It l~ been tll)ted that 

d:ttht.ol.earbOMW~ (e.t \eMt tb.ole po-asesuing no 'Qe .... hydxagen atoms)~ 

a~ more stahl& than the ~Ol:TUt?OniU.ng xu.nth&.tet:J (24). 

. I 
R-c~- s---o-s-~ R-c~- o- - s-~ 

~ of the ma~or t'e.tltors ecm.trol1.1nQ t~ stability of the mol.a<i!ul.es 

piotut"(ld abow is the bOnd strength of the c-o link in (XXVIII) and 

of the e""\~ link in .(XXVII). It is know :f~ bond energtea and 

distances tl!At tm c.o bond ts t~ stro~r of the two •. ~nee: if 

it were the tbJ.o,...tber sulphUl" Q.tom vlrl:cb bOnded nth t~ ~ogen; 

then tlv.t di th1o1earbona.tQ.B should oo the le~s stable of th<t two 

corrxpoun&l, for the C·S U.nk of (Xli.~II) is Walte-r than the CO'M'espond ... 

ing .Q..Q link of the xentlaate. However 1 as the the~l ta.bil:iti:e

s.re fo\mA to be ·the "wrse of thia predietton, they concl.ud.e that 

:t t cannot than bG the tbt.o~her sutpbur atom wtcll o.batmct-s tbA.t 

'Proton.. ~ mechani~Jl!l pNSent.¢d with their ~r is pictured bel.QV. 

R- CR- CH- R 
I I 

0 R 

"' C::::::<- 8 
I 
$- Cli 

3 

R- OB - Clit - R < ,.. ~R-ca y-sa +coo+ cyu 
sc~ ---.. .RCH==ctm 

.. 27 .. 



o noted, is not of' cone rt d 

t'YJ'}e. Cram (1.9} w. 11 o.greei with Steve end Richmond on the 

choice of sul hur :tons1 piotur d. t mec:t:t00:1i , . a.e b 1ng conce ed1 

prod ci t olel':t 1n i s 

,/ 
'/c' c a 
/I 

? 
C= " 
I e- c 

r. . :thie ci 1nt 

·e tr ctly. 

low 

0- , - SH f t ,_ 

s- en
3 

COO + cit
3
SR 

in ti l re ·ton invol 

, ixrvo1vcs but on po t .tia.l nergy be.n'ier to 11. 

t ibit unde.-

but also in mtUme·r 'Which the cti :ted c lexes re t't to 

:products . 

n · upport ot cl:n:m1 II Ct'am ~ attention to the t at 

:t the xantb&w ~ou 

he tollowi atruQtureo . 

s s-
II 1 

R--o- e- s- cu
3 

R- C- 5- CH 
+ 3 



Sine in two of tha abo're struetureSJ tb thion sulphur atom possess 

a n~gat:tve charge it would be e~owd thAt th p~oton !.ffitaity of 

this atom wuld be· corwid.erabl:y ennane~d. over that of the thio· 

t/:itll~r su1-phu:r atoln vb.!eb is Mtualty :Positively chtn"'ged. 1~ one of 

·the contributing l!Jti."'u.cttrres ,. He :tl.U'ther ma.int..,.it:Nd that the ester 

group on tM thio...ether :sul.;pbu.r .e.too would preDent .s'hel.'ie probl~• 

not to be t>ncounteMd w1th the thlon tsu.\pbur atom.. 

Ale:xa.nd.er at e.l (1.6) ~ld e~satttiall.y a·imil.a't viewa a.ltho~h --
noting t.b.e faet that th1& repre~nted a, unique 1n tanee in rhiclt 

a depe.rting gt'o~ ie nc>t dUtp·U~d by re:~d attack of an un .. 

o~d eli ctron ~j;r . O'Connor nd N•ce (20} felt t.ha;t reaction 

by suoh a $eCbaniarn wuld be vecy :favo~bte c.s it would 1\:\.l .. ow tor 

a '1."'iiBOnt.~.nae sta.bil.iea.tion of the tra.Mition G-t·, as tll.Pre aro 

!JiX 1t al~otrons n.vn.i.l a.ba tr::Jr di~Jtribu.tion around a ,aix ... ~mbered 

ring,. Tnt~~ it ia ¢kH~$ntial.t,- a hyb't'id o'£ starti~ ttte:tel.*ial and 

-produo.t$ . '.!"he cw¢~tti tion -could then \)ro~d bJ e. tmrthet" ohift ... 

ins of tM atomic nuc1~1 a.n..t a ~Ubsequent red.t&tribution of the 

nonlocel1~od el.eetrons, trom. whioh point on tll!J prooeoa ie enette;et .. 

1ca.1.cy d.owubil.l ~-

ln a. ~~and ~r o·• Connor and Mace (Zl.) have l'el)Ort~d. 

effects of diffe'r' .nt £n~bstituent... ()1'1 the mte of pyrolye1s ot s:erteo 

ot eb.Qlestery1 ~limt.ho.t~$· . Tb.f# ~ater gr:o~ &tudted and their respee

ti'V'fll t-4.\tes of the~l. dec~&ition are .show ootov. 

ita,et .. G~~i~ k 1..0
4 ~t.xt1 

0~ .. 

C~CH2 



zyl -

~ t ~or..y bonzyl ... 

fJ -Chl.O"~"o banzyl -

Diph ·nyl~tr' ne ,.. 

;0 "'· itro nzyl ... 

2 .4- in:i.troph~nyl .. 

Tri~heny thyl -

Zll:· 

!?0 

295 

'+95 

623 

7o6 

1430 

A tt p~ot of theG wloaity co tants., i'eh 'the exception ot 

tor etllyl 1 s ryl xa.ntha;tes., gaw s 

11 e ith l.o o +0.87. Fr _ thi it is nt that tba 

~omposition occur. This bol"~v1our ht a.t first c lo , 

for ins tho e ter ~up tJOt>e lec.tron pti ve Yill decrease he 

ucl o-philic a.cter o th thion ulphw:- a Qa'l.. '1'h s (21).-

wv r, no d t.hat e. uni ue dt' fora.e 

thtc acid wi'th 0= 0 - li 

to the - 0- C- li ~ :e present 1n the xanthiq ·eOt~Itr~ t-re..IW ... 

fo~tion of t latter into the fo -t' compoUnd resul in 

1n ne-rgy 1 for t' :xanthic etd is l.C more ata; te of the two. 

lf'h - tt , ar tim e'l ctron d-..fic1 uoy bout 

c ntro,l. c rbon a: l.owr the nct1 ition ent'lrgy for th to tion 

of the CYQltc tr n ition eta.te by f etli tiq pm.-rttat on.d 

with respect to o b-re tng in th u. e o- c- s. 'lhe re 

ctronogatt th ten ncy to-r 

to pro eedO.d. fu:rth r t 

.. 30 ... 



t t :ton state • 

Tarbell end &rnish (23) ba.ve proposed a macbani m for the 

'l'ochuga.e:ff rea.ct1on b sed on ·G.n initial isO'mtlriza.tion of the xanthate 

cat.er to a. dithtolc bonate. '!'bia mec ni& is ll!)t co tibl vith 

tb exist f cts, but ts incl ed· for the sak of compte nee • 

Tarbell reasoned that too xanthate ester, by avail.1ng itself' of 

initial isol!l.ertze.tion to t dithiolaa.r'oona.te, vould have ra:va.ila.ble 

a keto oxygen to a.b~Jt:ra.ct the bErta .. hydrogen atom as opposed to -
ei tber the th on or thio~tbar sulphur a. toms present 1n the xantba.t · 

estere 

~ - c:a:-
1 

0 H 
I 
c= s 
- CR3 

' c- It-....... I 
S II 
I 
= 0 

a- ca 
3 

" / C CU-

+ cos 

The mechanism is not ae1ly r eonciled with he known steric 

results of the 'l'schuga..ef:f' reaction. In order that an o ra.ll £!!_ 

elimination be observed,. Tarbell must -postulate a. frontside dis .. 

pl..e.eement on the xa.nt~te carbon tom by th: thion sulphur 1n th~ 

1 ri~tion step, r a ternately, isomerization with inversion 

followed by e. trans 1nation. 

:Sulm~r and ~ . (a4) lw.d. demonstrated that dithiolca.rbonat s 

possessina no bet;.a.·hydroS$n atoms were more ata.'blc than too eorres .. 

ponding X4\ntha.t · est rs, a.nd very recently Saloam.i (see page 98 of 

the Disc 1'1 ion) extended the v lid1t of thcoe rela.tiv ate.bil· 

1t1es to includ ti1ose xanthate Gstera vh1ch do ~ssess beta-hydrogen 

... 31 .. 



:toms. Cl. · l.y, t-be-ll ' mac' is ie not ~ vih se 

re tive stabil1tieo . 

Furt r · videnc· ~inat this llaeCha. '1mn ws -pro"dd.ed by 

O'Connot' n~.. ce (ao) vho ..,.Ail~I.J"'""* 

trura of a atJPl.G of chotesteeyl -methy'l. xantb.Q.t.e decotaposed to 

the extent of 3 ba.nds r observed 'Hhicll could be a.ssigne 

to tb.€1 - c- o grc~ o.e might be xpected from a re ~ ngem~~n: 

of the xanthate ester to d:tthiol.earbooat • 

.. 32 .. 



SOddy in 1911 not ... nd.ed The di•co T7 I isotopce 

nth a.ey 1 di te th oretical or r1 nt l inte'.t"i t. owever ~ 

rol,yzed raore t'apidly than deutertum oxide~: and 1n the year the 

prediction. wa vertfi d. rxperiaental.l.)". c teule.tions such the$0 

veTe toreed to it th d!-wlo;; nt of uant mechanics, tor c-

co di..'lg to ole. ical e nics, bot the lteht and heavy isotopes 

aboutd behc:ve id ntieally. 

Tl.1 OOt\$01'1 CW~iea.l - eooo:teu f'a.tts to predict en 1 otopte 

a r&.t1on. 1s appllt.JJ'ef\t from a constdere.tion of the cl.As 1c 1 dcri-

t.ion of e.n otapio xchange cons · nt. 'nle etas 1 1 it ion 
' function. y be 

(l) 

iltontan o t :p d 

lati.otta1.1 rotational, and vibt'4ti.onal. r.ay 'b - 'J)reS$ed. · sq,ua.red 

te~ of tl· · type p~ /'., 1 tlnd sine thooe oeour only in the kinotie 

en rgy, int gra,tio owr th p ' e 1 to, 

J[ 3/2 £ 

l ZmAi er rr -r f - ~ /k!2 
Q = i i ( . ha- .. ) x JJ ... J J e 'P dq_t ••• d " (2) 
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Tb.$ potential energie"' of the iootopie specie being alike,. th~ 

ratio ot tlw ~ition f~~ctiona for two isotopic sp cie io th 

reduc~d to a ... o uct ot the ra.tto ot t'.e "'""~"'"•:<""try nur;bero ·a thte 

a ntio r 1sed to the three-halve$ po r, i .a., 

t 3/2 
t ~ - (~) 

~ a lt1 
(3) 

sea df the teotop will eanoel in any ch m1o l 

prod:u.ets1 tt v:ttl ncrt, no , tter 1hat its 

top to enriebment. 

1.y denotes 

to ny iso• 

Stmito.r c. 1cal.rt.t1on perfol'l!led ft-Qt!l q,u.a.nt mee nical 

stanapoi t do lead to an isotopic se ration,for contat d in th1 

r lllGC'b.nnic:s 1 the cotu!etJt of z~t'o point nergy. !be q nt 

under all conditio s,. the tt:r.tional p.e.rtitio functio derived 

of byd:rogen. ~us t 

tion ft!Cbor is coot 1 d in th 1.b :tiO'Wll pt-..t.'f'tition function, tb 

one which ir.wolvef.', the ~o point energy te • 'I'llc nb-re.tional. 

partition funtrtion in q t\l!l chan c 1& of the onn 

(5) 



(6) 

where the product u talwn owr all of the vibr :tione.l fr q no 

J i" 

It 1 now conven . nt to defi a function • u h that 

. ' 3/?. 
(---1.) 

t!li 
(7) 

'J:Ibg, definition amount · to Olllitting thll useless cl.e.a teal 11 ...-atio 

( /m' )3/Z is ·quivalent to ea.leul ttns th·· ratio ot the quilib-

rtum eons di soei tton of tM two isotopic leeules 

into toms, i.e., 

In claasical c1 ;ntes the product 

/s' t 

is unity, and such result trapl.1 that t lel"e ~ o 

¢f the i~ol)e • :rn quantUIJl mechanics thu &Eilli1S' product 

va.lue other than one and 1a of the tonn., 

(9) 

(10) 

A u1 is tbUB a l)Osttiv g,ua.nt1ty :t all time • Eq tion. (10) y 

nov be re itten 
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ion of two tsotovtc 

oleeule from their ou to will then be gi\o"en 

by 

•1/2 ~ u1 + ln (t + ~~!) + 

+ m ~r 
Furth\....r it A u1 i s 11 Wh ch 1 true for ll el nts except 

l l - + _...___.) A u
1 u . u1 l 

+ ln ·e' 

(ll) 

(1.3) 

(14) 

(s/s • )f Will e.t'\m.ys be g~ter than l., sine A u1 1 -positive. Thu 

iti!P11es tba.t the heavy 1eot~ iS ore s bL in the lecule, while 

the lighter 1 otope f vows the e}lamt d e. toms . 

The derivation p:t:"et$ented above is d\te to Big leisen Md 

ye~ (33), th s rtic ·tar· on g1 ~ fo~ r ana which 111 

:ppa.t"Cut J.a·i;e't' in this ~otion. Ca.l.eulation.s of iaotoptc ex-

ch e constants u.s1ns con~pt simi to those p nted abOve 

performed by u y in 1935 (34) tor ct~n involving e1 -

ment of the fit<st. row of the riodic table. A t teal caleul.atiou 

veJ5. cone· rJ:led With. t t ·· tion ton ot the oxygen 1 otope · which 

o cu,rred. in the wa.ctlon repreeent d b:y 



Th equil:l.b'ri cons nt for this reaction e loul.awd 

t. L s very f vor .. 

a ly wtth the expe-rt .... nt4l val b of l..o46~ 

U til recently it w generally aae -d t wile oqu1-

librium e c!~~· coil$ ts for tno~s othe~ thAn tho of h~~o

geu could 'be e.xrAct d to dif:f< r cignit'1c®tl.y fr un1tyi! o ly tM 

1 ~s of hyil.roG n would eXhibit ...... ure ble differ ne in their 

rele.tivs r a.e:tiox rates tn it- ..... v-eJ"sibl proooe~ea. lloire T! 1 tl'.tis 

no ion 1~ l vh n C 1 Vin ant:~Ulneed that 

f!JI; fnletionation of t.lw :roon 

i topes C l• w. d c rbolql.e.t1on of . onic e.ein., w" ch 

l.abel Vith c14 in one o tbD carboxyl 1t1ons (35)~ lntere t 

1 :telzy' :rou,oed., 1f not ~~ s~1c:l& , OOd eoncent ted 

to study su.:ili. ff ct tn y tff · nt 

~ results ~t thccG und&rtektnzs cay be beGt otudied by ao~sidering 

fi et the o'd.gin of i.sotopc tt eta in uni 1roet1 no.l vroc: aes. 

thoc'ls, pt) tting explicit ea.l lc.tion.s of sotope 

effect 1n unid.i ctio 1 proaeseea va 'b n de · loped, th first 

by Bteelcison (37) . 

:f'omulat!.<m due to the 14tter utb.or ia the :fund~nt l and a 

eri tion Wit\. tthov 

of isotope ffect i idtrectianal r action • 

B elei n ltmi d hi s~tiona to too inheNnt in 

t' trs.n.sition tate bypothesio . Aoc<n< iUS to this hypothesio, 



t1 s ealled the hsolute rate tn-ory, the rc ct!o eo-or inate 

passes th~ou..~h a potEntial. enargy maximUI'll .. rrhe t'ea.cting mleaul , 

'Wh.en at the top of th potentia-l c:neray b rrier and within eert~in 

f.i ll but ot :t'WiG arbitrary d1sta...l1.ce S long th reaction co-

ordinate, ')?O$&~eses eotlfiguration &otllewhere betT.teen that of the 

eventual product l.ecula and the ortginat ,.e ct.a.nt. 'lhi.G art,:t ... 

eul.o.r contigu:r~tton ia c U.od t activated cO'!Upl~. It is con

eide~d as havi~ bu oue unuaual -property, that of an 1nsta: iltty 

to displa~ nt in the dir.eeti of the r ~t1o co ... .;t'dinat • 

Th ot~r im;po'l."'te.nt aa.eunwt1on oi the absolute rate theory 

U the vaU.dity of th :ppl1ca.t1o.u of the~c concepts to the 

e uilibrium that 1 a~d to exist between th~ ctivated co 1 x 

(15) 

quiU.brt in 

the~ynatnie sanae does ot e>tiet. 'fne· eoneentttation of the 

* cti~~ted complex C 1s eeleulated on the ss~tton that it ts in 

equilibrium vith bath reactants and prod.ueta. '1'b.e re u.lt tJbtain 

1 then epplied to the cas~ Wb~ produetu re ~hs nt1 and it is 

et.U!Jed t t their flbfienee does not wrueiabl.y infk. .ce tll$ for

wrd re tto of t"Oaetc.nto to 'Products. The validity o:f' this l)ro

eedu~ 11$0 bean dtseue•ed by Guggennew e.n.d Fowl :r (47). For the 

1.-e c'tion t cqui lib1·1· the velocity - t. Vhicb the c:om_plexes 

are moving to the; right i& calculable from ki~tic theory and 

e.es~ tll.e form, 



(16) 

. ·$ o:f tlte co lo lo t de:co it ion 

to move thro tronsition st :te 

to the right will th n b 

8; 1m ( + /2'&2)1/2 (17) 

to tbt:r right r unit vol r unit ti will be 

r te • {C '* / & ) (ld!/2rr. * )l/i (1.8) 

a function of concent tio of th r e.c ing S:Pec i as 

(1.9) 

' ·COmJta.tl U eq - l to 

k !Ill< 

8
1 c~ . (Wt/t.Jt * )L/2 

-"'l' c8 cb 
A B 

(20) 

ins ~qua.tian (20), to obta.in a ratio 

hNt 

4. l./ 2 
(-) 

* t 
(21) 

( ) ~ doubte .· . .. · ~ vtU d exol tvely to anote qUL\tl't1ti 
~ferring to tb tTaDSition $tate . 
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surfaces of isotopic molecules, 8 
1 

= g 2 • It is significant to 

note that in unidirectional. effects the ratio of the isotopic masses 

does not cancel. as it did in the equilibrium exchange calculations , 

but rather it has an important bearing n the magnitud of the re -

sultant tsotC)pe effect. The masses were incorporated by a con-

s1dere.tion of the speeds at which the ctiva.ted complexes traversed 

the energy barrier . 

Since the ratio of the concentrations will be equal to the 

ratio of the probe.bt.lities of the two species, the relative concen

trations in equat on (21 ) may be replac d by the ratio of their 

respective partition functions . 

(22) 

As in the equilibrium xehange case, the ratio of the complete parti

tion functions of the t o isotopic molecul es reduces to equation (10) 

which is simply a function of the vibrational energy levels of the 

tvo mol,.ecules . This serves to introduce the concept ot zero point 

energy and equation (22) thus becomes 

(23 ) 

When ~ u1 ia small a.s is the cas for all. the elements except hydro· 

gen 

.. 40 -



or 
3n' ... L. G(u* )~ u* 

i 

If e.ll of the mlecu:les wel'* in the lowest lying energy l.e el the 

(25) 

.. wo SUUlSations in {25} would 'Present tb difference in fra energy 

divided by :RT b t en thta two isotopic peci.es in both the re cta.nts 

and activated c001plexea l~espec:tivety, s.nd this in turn oo!lld be ex

plicitly e.'l.Cpressed in tQl.'1!1S of th.etl:' resfeotive ~ero point energiee • 

. rature m.any of the higher energy levels a.re 

theae. Th~ pa.ai b tveen tim vibrational en rgy 

levels deer ases am the te-w:pera.ture is raised, and a.t higher temp ... 

era.t~s th l~vela 'Will become 110 ..:!losel.y spu.c'Cd. that the v:ttn:~:t.tional 

h! diff rene in the a<rt:tve:tion energies of th t:wo isoto ·1c pecies 

disa-ppe s. Th ret'ore 1 :t room te pe:ra:t.m.· 1 vhere l l other than 

the gro\U.l.d 1 1 are oecup1.ed1 the 1ffere-nc in t.he activation 

difference of th it' z"ro point energies. 

Isotopic fractionations y conveniently bQ cl ss1fied into 

effects will ~ discussed in tum 1ng use of equation (25). 

groups vb.tch are. tdont1ea1 exee't}t for tbe isotopic substitution of 
-
one of the .... toms, d£:r~oe t;.o · e action with R, tvo slightly 

different ,oti.on cc>-<>rdina:tes r possibl. ·; t.e. 1 
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' ABA + R 
t 

+ A ... R 

TOO r a.ti w rs.te of the . two re ctions k1/~; i s te ed en intra ... 

leeular isotope ffeot. 

A at simplitie tion ot equation {25) ooeure Wb n it is 

pplied to iutramol eular effect e. r aul~ of t quality of 

·u1 •nd "2 • The two tenns ~re equ:111 in this case be:cl.luee an intt•a. ... 

leeular ff ct c~eo t tvo lternate ~d s of deeompo ition 

• of the · tl'lOleoule ABA • !t ts thus neces ry to evaluate only 

~·6 • * L 
1 

G(u1) ~ u1, and fcl' eome very aimple reactions this 1 in 

principle po ible. r, for most ctioilS involving thr 

or tll()N ato the proble'lll of e~luating this stm iS mueb. too com

plex and. in order to . ply · qua 1o (25) s1mpli.f7i assumption 

1s e. or ll of t . el.~nt~ of thit first rov of the p.et:"1od1e 
3n-6 

table the- summa:t.1on ~ G( u1 )A u1 hN a Vi ry ~U. value, a~ stnee 
. L 1 _ 3n ... 6 f '* 

the aott te eomplexe occ~:py even higher e rra levels, L 
1
G(Il1 )~ u1 

wUl v an ven s llet• value. Tb:1s latter SWII1l!lt1on may then be 

!l gl.eeted to first a:pproximation. Thus for 1nt 

tope eff. ots quat ion (25) re-due s to 

1t a* m ~ t/a 

~ .. s~ ~) 
ratio which ie 1ndepeu<le :t ot the 'tefllPerature. 

l..eeule:r 1so"' 

A th orem. d o Sla:ter (38) has shown that in a re etton 

involving s1mp1 bond ptUl"e th reduced 

frQm tbe 1 tnary d::IJl.tomie ,moleeul.e eompo ed. of the· atoms betve n 

- 42 ... 



vbicb. the bond U bro~<' n. in the re.te oote 1ni~ 

of any otoor atotaa in the li\Olecu\ ... ar€' n aleeted. 

A po entinl nergy diagram of the re&ction co-ord1na.tes 

r presenti in.tn.nolceulat' isotope ff ct u the appe ranee ot 

the one hown below. 

= 

P .E. 

'rile react nt . have co-mmon potentia.l energy well at , but e-.&

hib1.t a veey £~light ditference at b 1 th pot11tnt1 t nargy of th 

activated COin.pl.ex. oinee in a;ppl:ying equation ('25) a.at~ d 

that ev.,n the potent l. ll.tlt'Q b rriers are th ~ a fo'r the two 

isotopic molecull) , the isoto~ effect w1ll then be due aolety to 

th d.ifterene in t-· te t wb1cb the two slightly different ma see 

t ven tbi · nergy ma.."t1uu.mt. 

Th¢ reeuent between th.e ca.l.cul.a.'ted end e~ermental re-

iJul.ts: 1& vr::cy g d, some e~ lea beil:la give belo • 



12 1.2 1.3 
/ aR - kl---+- COa + CH

3
co2H k kl l. 

c~ 
-:.:;>xp, ~Cal. 

"'13 2 

13 lZ 1.021 1..020 
0021! -R.L~ C02 + Cli;C02 

12 __ ;. ...... l 13 
l:tl kl C0

2 
+ BrCU2co

8 co
2
H - z;p. ~Cal. 

Bt"...C 13 12 ~ 2 
'\ t3 __ kg --+-

CO H 002+ ~co2 1~041 o.OOS 1.038 2 

Intra.tnol eula.r otope effect re < tet"mi d exped nto..lly by 

th isotopic ·to f tu~ in the product o tai d after 

CO'!llplet t-eQ.Ctton vi th that founc in the rea.oto.nt. 

Isotopic 

A 

1?. 
_?co. 

:a c~ 

"12 COz 

t1o tion . n th dec iti~ )f tonic 1d 

12 12 
3 __... C~co2B + COz 

The rs.t . 0 ./a~ io ea.l d the 1nterctO J.eeul.Ar 1 vtopa' 1'feet. l 

f nt 1n u on , 2 oecura 1 

{39) 

(1+0) 



u ti tut on QCcurs in iffercnt l.ec lea • -t t l: sro 

aeti ~ed tn s of the ~eae ts ll exhibit 

vitl. b&ve thG 

p .. 

lott al 

distan~e tong r action 
COO diM·' 

t tel!mS of Bige 1 ioon' -

b the e eul tio • 

ult whieh 

iffer n in 

effect all 

d. Since th 

st s ible 

upver limit 

the ot er to is completely 

of ll. bond$ ot; r tbau cd 

th~ reaetton 1 c _ .ide & itll'pl dis c;t tio of a diatomic 
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k,.,. k 
21·? 'E.r. • 

"'2. 
~ Ca.l. 

h. 
1..034 1.035 

t. (41) 

D If r"'Z 
~-xp. ~ct. 

2. c ~ 
1.0 1.035 

co (42) 

t.o34 

h1shor than t . . t-itlCnt&.l o~, 1ti~ tQ expect¢ vb n a 

del bAvillrlJ: ... -6 o(U: )A~ . t<n' t tr tt o $ • 

s 1nee the t'lt be~en the t\m ~tB of '\t'alue i close, it • ., 

eonnl cd 



in the tr nsitton t te fG- these p ~tcu :react on:s • It 

· fu.l in pJ:ov1d1 

of t o ditt$ation it e o inte lecular 

co 1deret.ion of bond li'upt~ c.cti na the cll$1'gy 

tem t~preae t.ed 'by .h :ter for tlle "ootc.nt& thn.n 

.tor t'bb a.c:ttvo.ted corapl.~x; ~~ 1~.; t a.'totu$ at-e ~'00 tightly bound 

in tm:1 t<e&o nt mol.acu t!~ tn h· tra tt'ion stat . The lae of 

t squa.re brec t tc . i 

thu to · a.na th;; d.ueed 

o.tcr th uui ty. r.t'.i roduct of. 

of the :tao ... 

tione 

bracket 1$; th.el."eto~, l~ns tl)&l1 on ~ Thi:a will .. have th· · f'f et of 

dimiuishtng th lt'ooue\'!d -· s te f.l.nd the overal.l tsotop$ ott · et, 

ot one tlle due d 



et1ort U cotaSit\e ed bo 
3n-6 

a"W1~ And that L . G(u.)A u = 0. 
1, 

!:feew l v be~n o'ba r 1 ~ine 

ut"M (44) . :vc i.n~ t1ga.t«J. both the int ·"' d intermole<.nd.tU" 

n'itrog®. :.laot(.l'pe effects in the &~nation of pht l.acntde. 

l. o d-" l 

I 
0 

CCf_ . 
15 

-.tm~ 
I ... "' 

k,_ 

) 

1 

v~ 1.4 
+ 

/ , 3 

Th va.lw:: of ~/2~ founcl o oo Ot994 at t8o C. Both ree.ations 

invol the b~a.ki <F of o. c1~ ... 14 bOnd, but rc ct1f>n 2 reau.lta in 

the. tot"lil8.ti.on of a. C 1.3 .. Nt; bond as. 4®1PQ.~ d vtth {\ c la .. 14· bond •or 

I Matltiou 1. It 'ml/lSt be cone lu.ded. then, th$.t th! a.:trtivn.t"d cOl.'llpl: .1e 

.. l~ 



posGess:t.n;z the eon:t· :tion ~i a Cte_ 14 bond is tured 

,d ~ c12 .. :u15 ·ond i fondng P.JJ.a the toweat energ:r of otivat on. 

J cu ~r an approxinat~;.: equality ~iat$ bet.w~n the 
3fi• .. 6 1: * t: 

te1 m'L 1G(~ )A "i and l/2 lll ( ~/~) ws· i'oWld by She1,>pard1 

r n.._"ld (~) in a tudy of th · r la.t1ve ~ :tea of for . t1on 

of cl2..,s32 o.ud c12 34 bo ... ds in tbe: b:t&~l'phit. cAr ition reaction 

obt ined vtth 

to ]lero t t • A va.lue of 

:pproxin ;te «~.Leul.ettoo 
jn ... 6 

h f etorL/1{~ )A u1 et 
~ti.on h proee to 

vi:rtu41 eomplE~:tion 1n the tt'$cnsition tate>. SQ.v~ s. ~ault of 1. .• 001. 

fo-r the ~a.tio k;.,l '1£" 



in t.h~ ra;+.za · t~min! e; te 

Thill (;} of oto~ . f'feets in h· elu idatio of re eti n 

macha.nin ts by nov a.t. ··sta.bU.sb.cd. pract~ce, the literature con ... 

1ning ;y port.in nt ex.am;;les. On euch ~l' provided 

1~centl.y by e.G. Sva:tn (46) Who ®fSM his :pti.per 'With tho following 

tatement, "on of tb: st 

iug reactio mecbauisms invol.v"s tneaeuring tho difte •. nee in 

chemical l"$M'ti:v1t:y bot-ween two tno'tope$ of th$ sa.rae el.et~tBnt, i.e., 

r describe the effect 

of Ugnt an l\ea.\l(f -~ on t h~l:'Olysts of alkyl J.idee and 

ul!oni.Uilt l.tn# 

i:t l hat ~aewd e.t the s~ ~ ·:w in both ot.wn , 

t:th11~ t~~<buty-1 chlot<ide. hfdro~d ~ ffl;$tet- in the 11gi"J.t water 

t it d1 1n tb· bea:vy :ter. The di o.rimtne.tion on the :rt 

trt the lAtter ·e01Upeund show that the fo~t1on of itn ~ti:vate4 

lex C~ t'(l 'heavU.J de~nt ~n el~ctrophilic solvation. 

inee ~utet'ium baa · ower ro point nergy t ~tt~, l.tgl: t 

\later will. b4l T\J>~ high.l.y ionUOCJ. {and 11l0lt"~ aeidio) than hee.vy watet:, 

tbe ·u.' t tc.- .~ bot\i!a Will. bet lDO'rC te.bite than those for 

heavy vawr t Tba auru:pt1on of th.o ®rbon-balogen bond .and the 

wa:tf!t"...watel' hydro~n bontis hwJ proe Oded 'ClUC:h tu:t'tl r in the u.ctt ... 

ted cottglex of t .. butyl chlorid tba.n 1n tt>.a.t of t.hyl. ehlo id . 

!dtmt cal. -rat of aol.vol;ysis Wl'$ obsiZY~d fo't' t-hutyl. 

dblatbyl sul.tonium ion in roth light and heayY :ter. 'l.'h1e: 

N$Ult i to Cl;.'P)c , ~he raw-de . rmining step ot t m 

~lya:la 1n~l.ws tl Qlittina off' of an qneha.t" d dimethyl 
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e of i o-

tope effect • ~ ~olvattna act ion of the ~ter molecules 1& a 

eCGh~ effeot, still, t he differing TB ctivit c£ the two· ioo• 

dee~box,yl.ation of t.1)...~illio e.eid. lfl"<'C(lt detl. Without any isotopic 

.ti :nation of tlll.l carbon isotopes. Thi ~ft ct c n onl.y be 

terp ed rut o ir..a tha.t t C bon , ru:ptu.re c he t 

l. . 1ting atep in this l,nl"t1cu.l4r r · acM.on.. 'nm cutbora tneref<:>l;' 

ld fit this 

at it' u~itU.ll8 1 oto. ie ;t , and tho o~ tne7 cormi<lered mot:Jt 

plJltxeibl.~ 1 · pict'tlrec1 belov .. 

- d co; Q+ (leo. Slmr :root 
...... .... + 

~ 1t m 3 
+ Co

2 ·, 

joined. by fJ.'¥1:1 bOnd W'l.ic is a l tere d 

.ven tllightl.y n the t'~te: o.etet"ntining s.tet-p of a. t'e4""tion will wldor .. 

so isotopic ~iomtio 1 tbe dit"eation ®d ma~itu® of wbtc pro-
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the following main hea.db~a; 

(a) the eynthe i& of s ... taethyt .. tr• ns-2...methyl-1·1ndanyl 

(b) tb<t prooedu~ for the quantitative f.le~t1on of •tbyl 

tllt:rc ;pte.n and carbonyl s~l.phide 1 ~d fo~ the recovery 

of tho tl:d.o....nther sulphur atom.,. the thiou sulphur atom 

'PQ~~c 

(e) th e~r1Mntal. -pt-Oeedure employed in ·the ~rttal and 

total. ~cotzpOaitiona of the mutthato- at"r, 

(d) the 'Pl"~"Pflration of sueous sanwl.es for fil,lW$ s-pectro .. 

-t.er El.tlalysis, 

{e) •ss apectrotnetTy1 

(f) the e&leulation ot· is:etol!C ~tteots from msa .spectro .. 

'faljt;er data~ 

:that$ (I) 

'i'h¢ compo!Wd et>Iployed itl thi$ tnvesttga.tion was a .. -raethyl ... 

trans-2-methyl. .. J. ... i.nde.nyl xanthate (I), the pyrol:ytic ®compo::;t·tton 

of which .M.d. b¢en vrevto l.y tnv~atigated by Alexander !!, !! (1.8) • 

. T'n1s compo\ll'.id ·as clw .. an fo·r the foU.owing reasonP: it poosessea 

but one ll;ydrogen atotl on a ~ts.•ea't'bon, the conU.guration is such 



t t cis elie11 :cion crl.y can. cour, it is eol.i C.:. readily puri ... -
than eighty pe :-c nt yield. ot tb g ~o ucta. 

to yi ld onl' 

l·inds.nol (XI). 

leob.ol, 2 thyl• 

II X 

T etU"bon disuliih1da l.oye in thf: p ratio of tb 

xanthate. thyl $'tel' o~ tra ·2-methyl .. l•in not contai d carbon 

d. ul llur of :tural 1 otopie bu.ndt\nc • s34 1 found in natm- 1 

ulphur to t extent of 4 . 2 percent and di'ffel'S t'r¢m the more 

undant i Otopet a3Z, by s un.1t • It ts, h re~ot'e, ... 

m b1.y u1 ted for t otope effect st tea. Ul'e'ment of 

1 o opt t't"aetionatt.on of s36 would eeasits.u t - us of en-

riched termt . eaua of t lev e of thi teo-

t (o.ot6 -pereeut). c13 o ew;oa naturally to the extent ot 0 .1 

per nt eu.tfie1ent for s c rometrie lysie. 



i obutyrio acid (IV) 

b don a ·i't e 1 ti pro-

.e dures. by lexa.nder .fmd f~ (1.8). It 1a ooow cheatteal.ly 

below. 

c 3 0 
' II ' cu- t.-o. 

p 

(.;G 6 

d t l 3 

:n 
at nt of isobutyric acid vith ~t rpbo pbo horous d 

liquid bromine ~eeulted 1n the fo tion of alpha-br • teobutyr.yl-

bro (V)o A Fri l Ct:"&tt 8 condensation. of (V) with benzene 

yt· ldod t de ir d kQto (II) . b d 11 proc dure tor thee 

step 10 to 

xplioitly but for o modification. 

In vorktns up the produot of t Fri del Craft • e conde tton be n 

compound (V) and benz n # Alexander omttte the lcoholic YS.$h with 

n · ndad in th origi l ~port 

on this rc ctton (1~) . lt :.fo\.lnd in t . p-resent investigation 

that the isston of the a p od: et contami te 





given by Vogel (50). _ya ogena.tio of the Ketene uai t eon ... 

ditions r~rtcd hy Alexa der ge~.ve t. :tnu::~.s e.lcoho1 ( · I in 44 to 

63 percent y1.eld. 

for too 

\)te tion f the xa.ntl1ate m0t.hyl. e r of Z•methyl•l•inda.nol (I) . 

The nytllesie 1ttvQ1ved th 'J?t"e .:tion ot the sooi,um salt of 2• 

th7l-l-inda:lol and t~a.tment f this t'Oduct f1 at with cat"bon 

disul.phi , then with :axe:t yl ide. crystallization of th 

om red.i till a petro}.! . et . '!'' b ;p. 30 .. 4 ° c, 

gave, in 48 arceut yt 141 e. wite erys 111 p:rodu.ct Yith a •'P· 

of 6o.o to 60.2°0 (corrected.) . 

·¥ ''l' + CH l _ _.,...,~ 

~ +082 3 

I 

tion of Carbonyl Sl.l~-phidJ and thyl rcs:pt n 

Since tt vas 11~cessacy to Elf.UhU' the isotopic fraction• 

tiou of the th1on and thio ... ether ulp ur atome and also of th 

nthe.t carbon to 1 :tt w. n e sa ry to d v: lop thod.for 

their q ttta.ttve e r• tion e.nd re. o ry. ~..e products of t 

Tsohugaef:f' r action are a.tl alk ~, oe.rbocyl aulphi 1 d. merce:p ... 

tan . In thi p9il•t1¢Ule.r 1nvetlt1 tion.1 vhere S.-.m~thyl-tra.ns-2 .. 

teyl .. l ... inda.rq .. ntl w (I) wu. emplo d, the :produc 

eth l-l-inden (X), tb:yl ro an e.nd ea.r onyl ulph1 • 

;6 .. 



~·cos 
• C'BlJ,il 

cireums"tanc$t!l r~i:a in the r~1on tluk. 

~ otoor ~ pr()du.ets, carbonyl aulphide e.n.d methyl mer ... 

Q:aptan1 &t'e both gaseo t room w :ratut"e and w oo rapidly re• 

~wd f;-0':11 the ~ion :twk by using a. atrea.m of aon;a inert gaa .. 

Tb ~t:' a~ wr,..cwe 1 atopic :f'rat.ftion.tt.tion iS to bo detormined 

e~ contain 4 1n the 4UooU~J products 1 tb.ll thio>4tbc-r sul.phu.t" 

~tom: in t~ methyl t"eapt® ·na tile: thton ul.phur $ld :K&nthate 

ctU"bon atoti'!S itt. t1»t esrb~L- sul~1®. ~ qu~ti:tative a~a.t1on 

ot f;lU'l,'pbut eoutd. ~'ttted .. 

Atwr att~tina s~:vet"al mthods of ~t:1ou, the o~ 

vhieh uttt ~1.7 pr~ ueeesaful vas based on th fa.e't that 08.l"bonyl 

eulpb1~ ts ~dty (51) unaffected by •ol , ~~nitric acid, 

vbcrttM ~htl t'ca.ptan ts veey nt.pid.l.f o:tdtted to non....volE!.tU.e 

methane aut:tonio acid., After flrit eatabl.ishing the q~itn.ti neas 

»hide 1n8 PlU"'I: -~tea of ooch eortl}?Ound tc.lten ~e.tel~) tM 

a.btl.tty of fuming nitrto: .u:td to fltfeC"t a. s~tion of .,uthetie 

mixt~1 ot the two ~un.d.s wu thoroughly 1nv t1geted.. In eon• 

Jun~tion wit thu, proeedu.r a wr~ d~wlo~d for the oo.averaiou cf 



two ut bur a into olid eo -

pounds which, iu t first t nate.n , ste.bl1tJh the ffectiva s of 

tb .e~tion, Md seeond.1y1 would ui raton into 

:tor s speetr ter lysi&. 

1fon1e acid r utttng fr the ctio of th 

nitt"ie a 1d on ' re ptan, 'Wa oxid1 d by· the Ca.ri tee ique 

to sul~te ion, and -precipitated s b :t1UI!l s lphate. %o carbonyl 

Gu.lph1de eoll ted in a 11qutd air tr ;p in the preeenae of l.ead. 

h:fdrox1de end xces c ~ Su.baeq nt w.rming of t trap converted 

the carbonyl sulphi into le sulphid.o leac1. c r na • 'l'l1e 

l tter dec~ d. by the it on ot s.c tic ac d and the d 

carbon dioxid4lt preei itu.too as rium · rbona~ . The thio-e'ther and 

tb1ou s.ulphur atoms ot tm xanthate ester re thtt!! eovec d a.s 

ri Gulpha; nd ad sulphide, l'e etively, nil th · b ri 

earbo~to contain t tbAte ear on. 

Detai o th l)t' ~t1on o eo.rbon,-1. 

eulphtd 1 to t. wtth a description of the method of ~· sepn.ra.t1on 

procedure:, and. o-t thtl 1?1"'ept\rat1on of the solid. S:sm.t>l&S a given in 

tb following s~ctionG e 

~mn1"fttio o1 t 

'.rhe thyt ree.pta.n w.s prepar from s thy! tbiOllNni 

~Julphu.te by allowing it to re at with d1lut sul:pb:l.l't'ie ®id as d.es

criood. by Arndt (52). '&.e produet was purified by distil.lat1o !!l 
vacuo at r . ture of d r•io • The p tlduct . conaensod 

n4 . tored. in (labele 1.n Dio. m I) _merse in 



liquid air bath. \lt!...!:ln e. oemple of mterial. vas r · quil"ed, a. weighed 

nample t~, T1, was e.t:tixad to the li and tb$ whole syst~ 

evacuated. ~he f1a.tt!Ple tube wa then imm.erood in a liqu:id ait: bath 

the mere~te.n ~rmitted to diflt1ll into T1• St.opeock s2 was cl.ooad. 

e:ru1 thG z~ple tu.oo rel!'Dved ft"Olll ~ line and· t-e~igh.ed. 

~r~tion o:t Carbon)'l. Sulphide SGpl.ee 

Carbonyl. sulphi~ ~ ~ed by the e.etton of dilute oul

phuric acid on o.ntmOnium thioo~te (53). The train e'I!Jploye.d tor 

the purtf:teation of the Ca.$ ie il.l.ust't"atod 1n tlia.gram II. Flask A 

wa cooled ritb a. stream of vate.l" and el:'m.rsed 1-n:th 4oo co of wter" 

and 290 cc of eoncentrawd f)t.t1V}tur1c aoid. 'l'h~ llhol.e of the a.ppa ... 

mtue vas. fl.uaMd for one r..our vi:tb l,XU'ified nitt-ogen gas before the 

generation of carbonyl. sulphide 'W'a$ initiated b:y tbl!! adilition of 

50 eo of~. se.turatet GQlutton. of ~niU!l thioe~t$ . Trap B con ... 

ts.ined &. i'ifttwn percent sol:utton ot t.n11.i1'1e 11'l: a.l.eohol Whtch ~~t~d 

to rem.ove the ca;rbon d:Loulphid.$ formed u a by ... produot . Tr ;p c 

GOnte.ined a. tl11rty-~e percent solution Qf potassium hyd:tox:tde to 
/ 

remove the earoo:n diox.tde. ~ carbonyl sulphide wa& ttna.l1:y dried 

by passing it tb:rough tubt<t D, tn,tp E a.nd tube F conte.inins cal.ciuzn 

ehlo-ride, eo.neentl."ated .sulpb:w..:ic aeid and ph¢1ltpbo~us pe.ntox1de 

:r~t~-peet:t:v4l.y1 and ~ then condensed in a Wge narrow u .. tube1 G. 

Tub& G wa~ nt~bed to a 'IJ'Il.cuum lin as. shown in Diagram: %.1 

and eve.ou.ate<t white tiw:Tound.ed with . tiqu.id air b th ., A <Jry .. iee. 



the s~t ot • A 11 unt of carbo y sulphide lm.G e.lao 

lost 1.0 vith the c rbon dt id.e. A millt le n~le of the 

th~ll tnmo.loerrad to a ighed sample tube, T2 , 1~rsed in 

1qu1d air, by diotil tion from a dry ... ic eto b :th . Th t 

toyed. in luating t.b thod of separation,. 

u ins syntl'Wtic mixture of c.a.rbonyl sul'ph de and thyl rca.ptan, 

1 hoim in Dt · lti.. The tw s le tubes 1 T1 d ~2, con 1n. ... 

tb · thyt "'00 end 't" onyl. . ut-pbide re pecti ve ly, w · 

G.t'rat:lied in aerie · as hown. Trap A eont in d a. 5 l. . o f'Wili 

n.1tt'1c id a.nd ! rse 1n _ ic ...-w r bath. *l'rti'P s 

chat'~d with 10 l.. 'O:t' U5 ca:rbonat f~ . oO.iWJt hydrmd.d solution 

d 6 1 . olution, also carbo t free . 

.It med tn 

d to t eooting ettt: of the liquid a.1-r1 

l.t. tu to pr nt c r'bonatb contami.nat1on. 

sed. thro ""h-a. $Cida.-

A liquid ir bath w.u pl.a.~etl. a.ro 

1 ~Y ro d T1• Purified nitrogen s 

t.r2 nd d,ey .. ice cetone 

stmrly anatt.t'Od into 

'rg and thon into T1• Th second. stopcock on tube '!'1 l/4£$ t n stovly 

o ned e.llovil' t• · nitt·o ~ to tt·en.m hro~ tb.Ef re ind r of 

the appa; tus ~ Th_ liquid air bath wee sl~fly lowred from e.round 

ve f 

... 6o""' 



\ll1..en the: ~t\1$ 'birW. O.aen flushed With nit~n sas for 

o. total tirle of two hour$,· stopcock a1 wu tut:ned so that t~p lJ 

was ~~~ .. ~t the ~ tiYmJ 1.10'1111 the nit'rogen gas to exit 

th:ro~ the <:>thar outl~t of t stopcock. s2 then closed Md 

too trap t>etWved fro t~ line. While stiil. vell. itam.art"ed in 

t1quid a.ir, tma tre.-p ~ cont1$<:'te . to a wate .. Mpire;tor ·and evac

uated. Thi Strt''lrud to pre\Mnt tb.t't· build-up of exetl&a prcs~:ute4 

when the t~p was re1.1»~d from tho oool.tng bath. After $ttl.ndins 

lot rooe1 ~&tW'(l for twtJ.ty•fOUl" bout'S 1 du.r1118 WiOh t'!me the 

content& u~d. srqt~h eotou:r d.ue to the forma-tion ot lead sut

pb1d.o and 1~ e&l"bomte, 1r vas ~tted th:ro\Jgh a so~ 1 it'lfa 

tu~ ~ 

~ Convorsion of th t.letbe;n.Q Sutfon1e Acid to ~·iu.m Sulpha; 

'l'be methyl mer :ptwl awe~ into tt-ep A vas immediately 

o:~tidi~ed. to tll&t'bane eultonio oid vh1ch ts solubl.a in fux:d.ng nttrie 

eid. To flll'ther oxidi"e the QulJh'Ur to eu\pbate ion the tube eon .. 

thtl bulb o 'hrap A, both pi-ece$ Vi~d ft'eQ ~ ~ f! and p1a¢ed 

tn Q;. 'U:r/'g(l st~e c~·iue ctmlbuatlon tub• tog ther nth anot~l' o.6 

'mL of fumins n tr1e o.o1d.. 'fb eombust1on tube was ·care:f'ul.l.1 SEJal.ed 

t;lUd pls.eed in a ~e ~ntained t 200 to a7o"c for e. period ot 

twnty ... four boUt"$ . ?.'hi t11eatmen.t ox1d~d all of tlle l!tttbaneou1· 

f<Jntc ~etd w aul~ta ion, ~'tbon d:tcmide ad va.t~r. Attcr re ... 

ll]{.)Vtll from the tw:tlae , th$ tu~ vas broken open tWA the 1tq;u.1d 

¢Onten.ts washed tnto. a b v.ket' . 1fo thia lolutton w ~d e. 

.. 61 ... 



U.ghtl¥ ,.. than q .tva.l.ent """"""' ....... " -er aodt ehlOl'itk (that ta, 

ate ion ~idat on ot the 

a mt. of c:on nt :ted ~och1ortc i .. 

e lutio VA$ e po ;ted to d se on s · pl :te . 

o bydr hl.oric 1d, t 

l:plm ion -was 

one hour. 

ol.e.tion of 

d in a t>it d s 
llletbfl roaptml 

h 11'1 tre h add.itions 

t n1 rat ton t sol :tion. The 

barium ut hf:t; e eeordi to tb 

uetbl ; 

Coll ct1on of 

1:1 . Bulb n tilled vith 

nty 

1 . of W8ter, m.e not attach d rtil the a~t had been fl.uahed. 

for one hour rltb purified. n1tl."ogen 

n .1 rosen bubbling qui ~ol!'Ously t7:o t 

ft•i:tted tip ·of tr.e.p c, stopeoek s, vas opened ul lowing the d1l.uw 

s.cetic o.o1d to flow into the bulb of tr :p • The eont nts of trap 

l;leN bf'O ;t, 0 , r; id boil 

fol.lWi't'.!i which th~ :p atU& th n1 · en go.e for 

WlOther one- l.f' hcut . 'l'h batt then rapidly 



d to rin th:e b b r, WOl"8 f'e d to f k. Two to 

th ml. of nol."!llal, ea:rooll:.\t~ f c lorida olution 

t n added to the flaGk, fol.l. by l.igh 1.1 rc than equivalent 

unt of e :rbo :to f'f:; bar1 ahlottid solution. , :1r d 

f'rli)Uli t~ flaGk ue1na a •tel' ~ ptmto1r, too contents swt-rled1 ana. 

then U.o to s for ftf n minute • Ail" itteil 

b.roU{;h e.. oda•l.i:tae tu.bt't d the e1pitated bari ca:"botm.t col• 

l.ected on a frtttcd g . s ~ru.cihl$,. washed tht:" t s with bot, 

- bonate f t 120 C for one n we d. 

·'lhe proeed~ outlined above tor the eolleatton r:rt tl ·C bon d.i• 

oxide 1 mi 1'1Ar to t :t 8Cl"i 4 by CalVin, Ya.tlktt.wtab and Ri (55). 

'!'he p · ptta.t of ad ul.phide which :restne-d in the bulb 

of t-rap a 'Wt\.'tl ao1t.ect d n a &inteNd slas eru.c:t'Ql.e, washed nth 

hot :trn-, dried for hour t too•c, n wotg d. In th 1nttt l 

1·~, ~loytn,s onl.y' ~.~bonyt s\1l'Phide1 no eulphur tn any 1'orw. we.a 

e~r detecte 1n th f · ing rt1tl410 cid of tl'1.\ll A. 

In Tab l.e l are tie -d the eent reeo n s of t e three 

utU..ned hove. '13 _ first u set of oult Nfi r to the 1n1ti 1 

exper-iments Yhic w :performed using separate a le of 'l'tletb,-1 

· roaptan e.nd ea.Tbonyl \llpb.tde. Tb l."'emaitl1 fout" r of f igu:re 

li t the resul.t o'bte.tned by o;pplying th 

tvo gaseo.u.s Cot:lpo\mda ~ 



Nuniber of milli ... 
U\Gles of COS 

0.56o 
o.no 
t.o4 
1.79 
1.47 
0 .. 780 
1.1.6 

Nwnber of milli~ 
moles of CBjSH . 

L26 
1.54 
1.00 
1,.91. 

99·3 
99~0 
9Et5 

tOt 
96~7 
9{).0 
96.0 

102 
l.Ol 
ll3{a) 
100 

96.4 
103 
103 

(a) A lcyak develaped 1n. tM ·apparatus usad. to coll~ct tho ce.rbon 
dtoxlde,. 

(b) 'rh~ combu.etion tu\'lt) ·e:tplo®d wbil~ in the f~ce,. 

"the ~rt?al Dec~ei tion of s--th;yl ... 'tiran$•2"'m¢thyl ... t,..ind.anyl. 

Xantr.a:te 

~ diff'Eil'l~~'nC:$ in tb~ 1sowpte ration. of' tbe t"eOOti\l'lt ®d. 

product ll»l~ealea 1~ c. funation Of t.lm extent of t~aotion, the d1f• 

terenc~ being a ~im~ initially Qnd. deereasing to ~ere atte~ the 

Naction bas. pro~eded to eo.mpletion. ~ tnUl"mml.eculQr toot-ope 

e:tfeQ't is. t.ooNfore d.e:term:tned by intereomparison of the isotopto 

ratio in one of the :p~cts obtained atter a f~ pevcoat reo.otion 

(tdi!llatly 0ero ~r11tmt rea.ctiQn} vith t.h&t of tb.Q reect.nt.. To ob"' 

ta.tn thG iSotopic t'lilotioa or the reactant1 a aamplQ of the xanthate 

eater 'Wae eo~').et.ely decomposed. The isotopte ra.tios f.ound in the 

:products of eueh a ~l.ew ~.comp<\ls:ttio.o. wuld cot<re~t>Ond to those 



existi · n t 

vtth the on 

ori ine.l X£lJ.lthate ter. 'l'.b.$ao .. a i , togeth r 

obt incd n·om. a ·:-t1 l dec.:~ition of th X&l• 

tha.te e$ter, rovtae the nccesa.\U'Y tor t..r..a ce.lcub.~ion ot th,e 

1 otope etfec oc.:curri , i e 77 

d··sCl:"i~ 

(~1?4 A · 1d 

1n a..t m) .. 

t ter 

carried out tn t 

loytng t.he ware; uo ahoVn in Dia..gr V. 

tra:pa 

'b for ct.,. 

til it exhib ted 

lt point.. :1: stored overnight in 

cu. . des ieatott cont ining -phoophorous "l)entoxtd.•. A l.l. por ... 

tion of tho xant in t etgbbourhood at le, 

t e doc 1t1on t D. 

:tore tb tre: A , c ~ee pr Vio · ly described, w 

t ehed to t line, ube D c r fl. he tor on hour with 

purified n1tr ~n · • A 4ry~ic· aceto~ bath . p c.:ed around 

tr • C, ic -wt r b.;..tll cu:ou..'1d. tr p A, and a liquid ir b th 

aro= tra ,. An oil bath .. 1'-..c t mture o:f 103°0, 

~ placed ro D a 1gbt t. t the liquid l~ 1 of 

t bath vas sl tly b.1~r t f th &ol1d inside tl 

tube De The t · ra.tur ot t b th. intAin~ :t 1. 2 c by 

s Q. bu.x-ner . Absolut tet!lp0raturfJ control 

o no ct<i 1 1. i to l decQ it ons . Tbi e.ot1on 

au.lted in the r :pid lt at th xanthate e .... ~· n th 



volution. f gasteott3 pr ts. . rca 

c., YhS it v 1bl.e s a l..e&J' colourl.es liquid .. 

At . t1.n\e d d of the 2 

ceto~ ... b th roun t~ c, 

tota-l f on ;..lap ed1 . too h a.ti ws di ... 

at-d. their co t · nts tt<~ted 

. {~8) t ~ i ica; t t 

1·1. ... 1~~· 

d.u.ced. :p,pt·ox ..:.~ly ·ig ty ;ero t f th theonti t of 

g, seo:u.s :prod.Mtl:l 1 a. figu;re rri ved Q.t by mWJUl.4 ill8 th of 

tb.e ttml a cartony sulph de and 

usins tl:'..e procedu... ou.tlin d. 

tba thos por cd by 1: :xand 

result of thr cu.eb rlll'l£. T'hEt percent yield. Q:f the thyl · r

c t>te.n ts e:&1fressca in terms of the 't('}eovered l::kv1Ut1 su.ltpbata e:nd 

th carbo~y ou1phid i Bi iler1ly expresse in term Qf t ~e-

overed l. d ul: ide d art car · o~UJ; • 

n 

YIEI.Il3 OF L t·~-<•wr:v,r 1::1\N Al CARl$01nL Sl.1Lli'B!IE O:a:rA.mED FRO 
~ DECObi'OO.l":CI• s-~Tm.. ... trana-2-.~ .... l.-I:ND.A:NYL ~ · 

umber of Clill.1-
o lea of xar•that 

ester 

l..Ol 
1. .1,5 
0.974 

"P eld of 
0 
3 



Pa:rtie.l Deeonxpo 1 ion 

Since the partinl d eompo 1-t:t.on requi.red only ~hort ·· at

ing per1odfJ, varying £rom tViO to three 1nuws, ther ws a .os ... 

ib111 ty thAt so · of the c . 'bonyl aulphide and methyl rc · :ptan 

vould re in diS ol wd in the unc 

tn a. li.qu1d. a 'b.• trap, hun nsuring the complete and :rapid Temoval 

'Products from the lt . Tho totsl. e.nd })al"t1al de ... 

T'iw loyed for too parti l deco ai ton 1 

shown tn Da. am VI~ A wighe amount ot th mnthaw ter, of 

tM order of twnty mt1.U.mol.es, wa.e placed in the ttulb of fla.ak E 

Vhich wa.B atte.ehed to . ij ... tl,lbe 1! 1 provided with t-w-o topeocks • 

The other · 

Stopeoeke s
5 

4nd S re bOth 0})¢~ d and t~ system 

,..5 
to (\ pt'!!I)S~ of lO · of mer~uey O't" tes$ • ~ F then 1m .. 

met"sed in $. 1.1qu1d G:it ba.t.h; .s.to-pet,~ck s6 wu closed and an oil bath 

at ro•c w.s rais(!d to -eove:r the bulb of tu.b• E . {~) 'l't1 solid in 

d &ired val ot · t•c. Ti re ction s.l~d to pro eed to 

(a) Bt first l.ting the mnthate ester et (). ~ro.tura lower than 
that actually lo d for tbe dee~s1tiona 1 it wa$ possible to oo• 
ta1n e. n o ref.Wttou at t · ll~her to•l' ture while 1ncurr1118 
only a. rainor o.mount o decQtnpOsition durins the · lting p-roee s. 

,.. 67 .. 



cess ~ to t in this ext nt of ~ action was of th o~ e~ of 

two to th:roe mtnUfles. '!'he con~nts of the bulb ~~ llowed. to 

oool after the ~etnQvnt of the oil h~th. Stopcock e5 vas tb£tn 

e1¢aed, the t e F detached f"ro E d the V"<\Cu.um tin , an , vhil.e 

till 1 rs 1n liquid air, conn e d t traps. :a. ( 

has thua repl.ae d D and. c in Di8SI' IV). Wi-tb Gto\)COcko e
5 

and 

a6 closed, " dry .. ie~ acetone slurrv ws sllbstituted for the liquid 

ir batll... Stopcock. s, ~ then stovl.y opened to 11.\d.mit e. atl*eam of 

purtf1 d nitrogen 

rea.<thed tmo -ph~rie~ topcook e6 opened and the ni't.ro n gas 

llO'fMrl to flow thro the ~inder . f t p-paratus. Tu~ 

to bath for one ... l lf hour~ 

ettcr which time the slurry~ ~move and the nitt'ogen flush 

e®ttnu.ed fot 8ollother o'l'l$ nd on•-haU hours. 'i'll~ liM was tl'len 

d is . :11ed . the conte tn of trap A ami .B • t' t ated vr ... 
viously · . . crt be • 

The Pre;pat"G.t ion of ss Spe~t~ter SMtplen 

I'll the :f'iual ~s of the pr-ocedure the three sol.td t;>ro

duets_. barium trul'Chattl fot"tl'led fro the W!thyl. rnerca:ptan, and the 

1~ su.l:plUd and batti.Ui:lt carbonat frOll. the carbonyl sul,phi , 

re conwtted to g8$ ous produet.e \.11tablc for tnaao e-pectroT:Get' ·t" 

analysis.. ~ load s l.phide was bw."ned n a tJtno.nt of ox1sen '>ac 

to el.tltinur <.t1oxt® . 'l'h. bat'1um e.ulpb.ate, vu ~onwrtea to atlver 

, to su.l)?Uur 



Th~ ~tton ot Sul;phur Dioxide trom tea.d. Sulphide 

'l'hode and hia gro~ ha.va demo~t'l'e.ted that a h~avy w;.ta.l 

$Ulfhidc may tw com-eni~nt ly oonva-rted into sul-phur di¢xide by 

bi.U'nin(! it in a stream of 'P~ified. olcy'sen sas,. Tbe $U~phur 4i• 

oxide th~ fo~d 18 purified and colle~ed by ~ans of the high 

vael1\.a &Yl3tetn 1ll.uatt'"D.~ iu 1>1~ VII .. The essent1&1 teat~ 

and Qpera.tiou of 'tl:\1.$ l.iue t.U"G as toll.ov-.e ., A aal.l ata.inl~e.$ at.eel. 

~t With an attMht.~ sta:t.nte$a s~l. wire containing ~~:wnm1tn4tely 

·,a • of the Ms'i.l t;l$te.l tn.tlph1M ~ careful.l.1 pushed to th~ tlid"f 

point of tbs Q..wt.rlz t~ ~ . ., ~ · NZi~ portion of the U.n$ lw.d. 

... 6 
'beell pt"eviotml'y e~ted to a wes$u.re of 10 U'l.lll· ot rct11'7, e.s 

e.ewmtn a by the lie:t.e-od e~-

The t~~J st~eoalt1 Sc1 t uas t~d so that th~ ll'Je?euey 

ditt<uston p~ wa 1:11 ... ~~11. ato.pcook s2 "W'aS Bl.ovl.y o:penea thus 

e~Ufit:irlg the qu.t;'rtz tube Q. After the t~itial eur~ ot i:r ae· 

~yt~ thi o~tion ~~en alimin.a:t.f:d by the mechaniaal 

p~ M, ~peock s1 vas t\U'ned to raintr<>duee the •rcury t.t1tfus1on 

'Ptii'.!P lt, fhe ont1n.J l:j.nQ wa& then eVli.Cw.t.ted until the ltiel.ea.\ ~~ 

t>egia~d a pr~s~~ o 'U:JtJS than lO ·5· of t®reur:y J this oper ... 

e.t1on roqJ;lil"'il'IS ~imately t11n minutes , Als the 11M was ~~d 

dO'W'n,t tM .enti~ Z~Gtefa W$ thorOUghly t~d nth a ha.ad torch . 

\:then~ higb Vi c:uum ~ ~1n _:ttained, ~Jto'poock s2 ~ 

clml•d an ato];teoek s3 mta apen~d to arm til>; thw oQ'.ll'n~eti~ the 

t~ Q 'rl.th t~ tw U•tmps . S~ek.S. Sq. and S; Wft clo$ed. to 



the tra'P U'Z. Sto'Peoek s2 ~ tben sl.ovly opened t., a.m b, and 

purlf1ed qge ·an ( } .saed :to t1 qua z t .._ 

\·1hen the pr SS!l'r within t.his se-ction of. the a-pp,a.mt..U$ d. t'e ched 

:t1"J0Sphet"i , it'l<liOOt by mano~ter K, etepc:ocl e5 opens 

a.nd oo oxygEtn alJ.cwvrl to ~'P through the tube !Uld tm s • 

u .. tubes wre tl:l0n il1mlerned in liquid ir baths and tM t'~l.l f~ 

tion of the quart~ tube Q. Th su.l.'phtd:e s~le glowed. and the re .. 

· ttlting sulph~tr &10lZide vas s··rovt along with the BtN&m of oxygen 

into tbe U-t'raps· w~r$ it eondetl$ed. !he tube Q wu swept fat' 

throe to ... ou:r 't!linutf.ls ~ too a~le ce · ed to ttcw. Stopeoc 

s
5 

and S2 sed and Sl tuz"lled GO ~ 0 by•pa8S the 

·marcut'y difftl$1 n pum:p B~ Stopcock s4 "WU open*d VF.xry stwl.y to 

. oclt ~\ _ th n turn d to n:~ t t.h rc~ d1ffua1 n p~ d 

the 4u.rrounding t:Lquid i:r be.t! \te:r remo d... Th operation f'reed. 

t o~n gas preViou.&cy nt.t-apped in the ol.id. ul.pb.u di~ide o 

(s.) 'f'ae oxygen gas purified oy -pas. age thro thl"e'e tre.p r-
t ~d. in t. a :foll.oiting ord.ar; a. '£ 00. ~lAs& bl.lb'blel." il:trDet'sed 1n 
t<:>ncontm.ted aulphm•ie neid, a trap containing activated ehareoo.l. 
imJner oo in e dt"'J•i · e a.eetoi.'lC .,. 1.\U"r;r, and s. l.arg~ u .. -tube suspe d 
1n a dewar of li~uid air. 
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afto-r ·lih sulphur diOXide ll.ad atsa1n Ol.id.1.o~.icd, ato COQlt Sq. 

apen¢d1 co:onect ne · U·tube Vith t 

co ldensat· on ~d.e a. uo-11 d.ucea r·~oial 

ent~ but ~gli.zi'ble u;ut ot the gas in the ulphm di ~ide . 

Stapaoek s4 was then el.! to th u .. tre;ps an. t~ 1.1 uid ir be: h 

e.:tound ~ wes r~l.e.ced 'With ~t· eontaintnG dey-ice aeetone 

t~ sompl line F . A l qui air b th 

t front ~o "· u1 . The $ulop 

dioxide ~opidly dist1tl.d broUgb U~ a. co nn in tb sample 

tube • dey•10$ a.ee1:;Qno s lu.t'l"Y at"'und ~2 erved to ret in o:rry 

"Water w.pour preu~nt in the U-traps . E\'Gn though the va.polll" 'Pl"'t'S-

EJ,u.,.~ of sulphur d1ox1 1a only . o:f -rcuey u.t the t r• 

atur of d-ry ... io.e, it di til tio under the e d1t1onn 

d ·Ooti'Wlete . iJ:o c ure ~t te t · r of th'::l r.;ull)hl 

u2 t~ wi h 4 el.o e,l, 

eool1iX\ again With a ory-1ee ae~tone be.tb and stope ck "q. ope d . 

No :f'U:rthe-r ~ondDnsatio of Saul ever not<'ld$ voon the ulpbur 

conde in the te tube 1 st¢ cock s4 vas turnod 

to eo . ~ct the 1 :J wit th ni!old, t atttpl~ tube 

le fr the 1.1 • 

ductioo of tb Ba.l:'i u1-pha nd It Con t"ston to Sull]hur 

The b ri B'l.\lphat obta.1nod from tb oxi . tion of. th 

tnethyt rce.ptan uo d to bydroge 3u.l ph1 tU'lii preotpitated 

.. 71 .. 



cad:m.1 . s l\)hit't • The tatter c u.nd . convene into tlver 

Olli:pbi€.10 and thia ccmpound was bu-rna o su.t\)h.ur dioXide usine; the 

procedure deaa:rtibed ba~. T'no Nducing olutton pre-pared by 

adding 500 gr of hydriodic · c1d (5~) to a tlol.~ion of 4So ml.. 

ot conc.,ut 

. d.(t.. Boil the aol.lttion f'Ot' ~-quo.rt.ers of a.n hOur rved 

t.o rE!UJ)ve f.lJlY sulphur iti.PUl"itte f the re: . tits. The ;ppa.ratua 

f<rr: the reductio u ahovn in ,UiQgn.. VIII. 

Apprmci :tel.y l:>O Of ;tot, SUlphate w.ea placed tn 

l.ssk A to ther th 1a5 ml. of t reducing olution.. Trap B 

,_ fill d Wit t :p c vitb tOO 1. of &olu• 

ion prepa.rOd b;y d:Lng 500 till.. of e:laainl ecetic a.eid to a eolution 

of 6Z.5 gm. of es.&a11D tweta.~ diosotved 1n two Uter of istilled 

water. 

st-re of n1 tJ'ogen. . pas through tl · :pparm.tus 

t a ~n ate. Tile contents of fla$k A r brougbi; to a 

gentle boil b:,y ~ti . with the t~ of a. bunsen bw-ner. i'he 

flame wu cf cuclt • heisht that one-balt hour e~~d before the 

onset of boiling. The contents of flask A wra :reflu::«ld gentty for 

periOd of one... lf u:r, and then boiled vtgoroooly for at il.e.r 

;-eriod o~ t • 'the bariiW eul bat dissolved. :in the re.du.ctng s.ol.u-

i<m and th · e-volved hydrogens t'Pllide ~t through t® yetem 

to trap C: Where tt w& l?N01pi'tt'$ted as eadmi.Uill eulpbide-

At the $nd of the :teAting pelt"!od, tra.p c and its b11bbler 

vere d.•te.c~d. t t l:tne and the -c ulphicle converted 

il r ~sulpb d b1 add.tt1on of 25 .1. of 0.2 sil r 41trate 

- (:; ... 



solution. tft.w:: s1lwt" eu,l tde -w · filtered into a :t'ritted sw 

crucibl.e-1 ~d 'W'ith e. ,small aw.outl.'t of ¢ilut ~rxiut'l ~"<ide 

$Olut1on to ~mt>ve a:ttver ions, and then nth dicrttlled 'Wat!ll!r~ '!'be 

prec11?1to.t.e <rm..1 !h.•tcd. for oM hour a.t 1.10°C m e~ smll. S®7Plfit o:f' 

tJ:le precipitate converted. to aul'PhuX.' dioxide by urni~ 1t 1n e. 

~tream of OJcy@n as dns4t'ibed. above .. 

~ (j.W.Utti:tati '\'Ia na~ of th& aboV(:l; v·roo.odure ·vas deter ... 

minGd b1 c:onw1~ting a. we~ tmtour.&t of ba.1'turn JSul.pr.tate to ca.dmi'W!! 

Gult>hid.e . 1m exoess o'f stw:J.de:rd silver nitrntrl solution was ~d. 

to tb.e -preeip:i,~te of Clldmi autphide , the. excess &.illi'(jr ui:tra.te 

t"U:>l.uti011 ~wd by filtration, .and then titr~ted nth D. sta.nde.rd 

~olutton t>f ~aium: thioc)1).ua.te. Tbe ~un.t of tl)ilver l,)I"eoipi .. 

teted. -.~ sil.wr ul:phitl.e eoul.d th~n be ~1ctU.nted.t and the :r"'&ultts 

-resulted in 

the ce\l~crbiou of 98.41 r:rt tbo ~Nt·icn.l amount of hyd:roS( n sul ... 

phide . 

The bari'um ea.t'bont).te '~ eon:~t'Wd to e~bon dioxide using 

the hi$b v cuum s~~ SMW'.l in D ~ tt . 

.~\Pl'1"0~1r$tecy 60 t.:~gm of be.:ti'Utl ca:rbonate .~ pl~ in 

bulb A and l.O ntl. ot eoncent :-awd sulphuric e.etd tn bulb :n. (a.) TM 

t'l!n,ttt~~ yztmtt ~9 ~n ~v"aeuated to a NSSUN of lea$ than 1.0 .. 5 

of · t'Cu.t'Y. To ensure too complete Temovat pf !J.tt- frQtt!. tha u.lphtU"i~ 

{a} 'l'be r.mlphurit;t acid bad 'be~n :pMvious1y heated to 1.60 c tor o~ 
hour nnd stored in$. d.easiee.tor ov r :poWs! . r~oxid.e. 
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acid; it '116$ ft.•ozen, \)y- 1 rs1ng B in e. U.quid. ai:- bnth, and then 

tba.wed, this proev---<lure hoi~ ~pet:t.wd th:retl times :tn a.ll. With a 

11qui!l. atr bt:>.th a.rom1d tra.t> C and stopeoek co") el..oeed.1 i''!Ask B was 
~ 

1ffl'r'S' 81.o'trl.y ilim1"'tad. oo as to ~'mit tho a.e1d '00 :flC~ into A. 'l'M 

avolved ea.roon d.ie!dd.f!l cont1&n$t'd in trap C. FI&stt A W1J rotat~d 

~ s:Lde to aid.~ to bri' t;t 'the at!icl irt contaot with alt at the 

ba.-ri m1 ea'rb¢na.te . A 'lm.tet' bath1 heated to 60'~~c, 'W$.S then pla.~a. 

around A in order to in ur.e the eotiTJPl.ete -remtrval. ot the carbon di

oxide gas ~tho e.eid solution. ~n the ev-olution of gas h$4 

eet.J.fled, &tol,'l(!ock s1 ~ closed and s2 -.B 0~1\f':d to the snitolcl 

101' one~lf minute pet"l':rttting the relllOval. o£ oo .. condeneed g¢l.ses . 

S~apeook sb ~ elosed and a dr.y~ice aeetons sl~~vas sub tttutad 
.(:j 

for the ltqt.t:id s.i.!" bo.th. Stopcoe:U s3 an4 s4 1 re then et¢-oed e.nd 

stopcock s6 t~ned t»O as to eonneet th& t-w""O U·~tr;ap.s witb the sampl 

u.~,. end at~~ ~ ti. e:xelud~ too mani~otc.L A liquid air bath 

vas plB.~ round the n•l. tub o. Stopaoc:lt s2 ~ then opened 

~m1tt1ng the ca.t~bou dioxide to t'l.CYT through o. mgneatum ~rc:hlot-ate 

all.owd for 

$tn'$ ~~t~ tt:"atlilfll't" of the oa.roon di~tde to the eampl t~, 

the u-tu.be e ,.. ~rm:t,~d to came to room ~):•c.t~ then cooli 

a.eatn With a dQ·-1~e t;.eetoM bath Md !il'topeock s2 o~ood. One· llti.l.t 

:minute totlowiug this ope:rra.tion the sampl~ tu.'be ~ ~wd ;trom 

tht"t 1tne. 

A wigbOd rm..mpln of 'bs.:riu.m ettrbOM.te tmtl decompoaed etn-

pl.o,-.Lns the ~eQdl.ttiJ d.ese:1r1bed abov~, and tbe evolved ea.rbon di,., 



n wi_g d. let b &ttac~d to the 11 • 

on isotopes 

ln the C3~ Of ul. ,.,..... cxid0 1 th on cw: nt ure 

w~ du~ tO so2 upe~:ries.. Tb. · s3! /s34 ra.t1o riJSi1 b cal.eule.te 

t:rtbutio by 

l~eul 

' J 

ltow too :pro btU.tt ot oecu~nce ot s34o16o16 o.o \lith 

t :t. of s32o16ol i iva · o'!mpl)" b;y tne s34Js3Z r :tio. BoweV1 't 1 

a ne t 't o · l eql.Gs of oxygen in le uL o sul: hur 

dlolld.de, t "Proi.lahlltty o.f oe~r.urrence of t.be ap eic s3lao16o16 1 

tvtee t ot8 /o1r.. tio. l,f • fo , vitb ooeurnmc of 'l.l the 

~ctea ta . n .. . l.a:t1Vl to t; :t of a32o16 ·. · , t' 0../66 ro.tio 

toll , 
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J 

Q C6/64 ... olS 
2;16 

~ o18/o16 ratio has 'bl en pl'\iv1o~ly fl~tel:'tdnod b:f 'l'h-ode {56) for 

t$M oqrgen ant.\ :to o.oo2Q8. 'r'oo s':/1-/sS~ t'a.t1o& ~pot't«l 1n thu 

that employed in ll of 

e•s pt\\)er • The value of the 64/66 masa ra .. :to for t ~ tande.td. 

on this scale 1S 20,. 36 (s3P-Js34 t.lt 22. Z4). 

·The pro~dure ~toyed ws to anal.yu too otand.ard. sauml ,. 

the ~, and th$n tho atu.OO.ard AG in, a1l. i.u the bc~st \K)S .. 

stble· time. When t · 32/s34 rati detennned. for the oto.ndet'd 

~1.e diffe d by re t.ha.u 0 .. 1 ; the 32 /s34 r :tio of t un-

ltnovn ve.s onnid - a.eceptable. Each 64/66 · e l"S.t o 

1md. by avere..g1ng ... val~tt o'bte1ned for at l. e$t seven doubte 

svpeet.ro~. Al.1 of tlY~ ~~ s-pectra ter t'tll.tioe reported in 

this thetifl :vo e. precision of 0 .lj or c·tter. 

'l'he cl/f:./c13 t'$.t"l,os wre d.! t~n·mi~ 'b1 ~ur ng ~ ion 

'la~d from tl · mas spec.tt'OmfJter .as r tio o:f 4Af4;, t'ttlr U!'Pl1i!Oig 

e. .... ttitable eo't'l"'eetton. '!o't t~ ~ont-rt'l:.Hl'tion to too 4' ~Ak by the 

spoctes c1ao16o17. Th~, w:w.togoua to the exp-res ion fGr t 64/61:, 

ratio, tlm 44/45 \'lUG ratio - ;y be ~qua:ted a follows, 

,;<J'! .. tv • · 

.l 
rr o · 

+ 2 :m 
0 



o:qgen and. fotmd. to be 0.000:39 . proecdu.;,:•e \ta.S used to 

- 12.'c 3 321 34 determi the I' "'1os. . uatl;!d for the S · . S ratio • 

T'11 cl2/c13 r tics t'epo:rtea in thiS 'theais. a~ all r l.a.t1vo to the 

v 1~ 93.37 w.Je~d for the $~1 Tl>""'9· 1:h1a ecn'et:Jt>Onde to 

.4/45 - tio ot 87 .oo inS the ro 

n1diroet1o l ctio 

e.ulat~d f\:W tna follO\Itng a.'q)erimental do;tt.u 

l,. ·'Rile i$0tapia t'Q.t io f. the ll"Qa.et nts . 

2. 'rh.l.} i ot ic rntio 

n q• tion en d r1 \1j d by tewna (57) 

C id$r ~ gener l untdtreetio 1 re~ction1 

~ .,. . . (l) 

s ka 
~ '*B..vC+ ••• --=-~>-

t 
t + N + .... (2) 

, 1 
nd A the h V':f soto . Let a, a. ; 

b; c,. t:?te. b the in1t1a.t e~noen;trat1()'tlU. of the ~aeta.nta ~ x and 

~ t"ea.e · d in t1 t. Tb.eretore 1 .£tar 

the ~ta~ o -pertod of ti• t, th~ concentmtions. o.f tM vari()UG 

reacting speetee an (a. .. x), (a'-.x• ), (b...y).t (c ... ) eto. 



The rates of t two isoto-pie re ctio may t.h b expl"e d 1n 

't 

~t ~ kL($ ... x)(b ... y)(e .. £) (3) 

' ~= lL.{' .. x!){b ... v){o ... s) at -'li " 
(4) 

dx d.4• ~( ... x)(b ... y)(e .., :.) df: I it'"" = .......,.,. ________ __ 
ltg(a.' ... x' )(b .. y}(c .. z) 

(5) 

or 
dx dx i . ~(a ... g) 

it / dt' ::# ~( ' .. x') 
(6) 

(7) 

quation (7) 1 tr 

c"tion y b.e, it is of the fir t. order 'With re·peot to A. 

Nov 11:\tt s. 'I equal f!\, x t /x equal ' and $fs equal r • Then 
I f fl 

a. equals se. and x equals e x W.1eb. quals. l"Slt. If th :reaction 

-pro~ds until 'X./a equals t, nd if at' is: $'tibStitut-ed for x 1 &raf 

* tor x , and 

or 

for •, .quation (7) becomes 

l. l nw 
l 

ln l ... rf 

(8) 

(9) 



a are nte aorr, trponu to the 

equation (9) . t re:fO'J:"e, be eq · :ted fol~ 1n te~ of the 

tor t"~.ti.oa, 
9 I 

' Is= i-f L x a 

le o..,. oueh a cal.eutation 16 given below for run n r I_, 

eutph1d • 

Tb.e O.'\i'ailnb 

22.20 

ln {l "", o. ' ) 

l.OOB 

, 
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Sampl1mg L1ile for cH
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Prepara t1on·. of COS 
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DIAGRAI-1: IV 

A 

Separation -.of CH3SH and COS 
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llESULTS ~ DIBCWSION 

xper nte.l eulta 

ln *1' l l ~re listed. all of tho xpot'i. _n-tal data ~elAted 

to tho total rti.al. d.ec~sitions of S · . thy ... trMS .. 2• "'th)'l• 

1.•1nd.a.u:y'1 xanthate.. ~ ~alts for the total and partie-1 decom ... 

positions (deai.gn.ate TD PD respccti vel.y), ot one ":'ttcul.a.r 

are groupe togeth r. 

Since total aecomposttion& proceeded only 80 ... 85S to 

eomplet1on1 a a 11 diffe-rence Vi).1 exist between \the msa abundance 

ratios u dctemlned. ft•om. these value~J and th real t.ootopic -r-atios 

or th xanthate ~1eeu1es. ffowver, . the isotope e-ffects n

countered. tn the focn:uga.etf reaettou re aml.l in themselves, t.he 

dU'ference tween the 'l'lJB ured values detertiine in thts lllf'mner 

nd th~ real. 1: .a wilt be very small. Furthe~1 since interest 

·vas eo.n~red \1\0N on en inter.o~ison of the ~ isotope tt'eots 

r ther tb:tn on their baso1ute -snitud.es, the s l.l l"t"'l!"B intrQd.uced 

by the a.bove ass . rttona Will be of little s1gnif'tee..nc • 

the ~ SfU!lPle of xanthate e&ter ws not eutplo d in 

l.l of th.Et d.eeompo itions, the ~a abundanCe ratios vary 1 htly. 

This~ of course, bas no e:tfe<!t em the rvsultant ie.otope eftect. 

Tb& proced.ut'<t tor the decol%l'P9&it1ona lot~g and involved 

~ o ro.tiOns. It therefore di.f:ticult to a.vo1d carbonate con• 

tami.nation.. Ctn"bon&te eontamine.tton es eially d1ff1cul.t 



'tabla I 

_ ERlMSlltrAL DATA FOR '.1."1iB 'J.lOO!AL Aim PARTIAL lECOMPOSITIOllS OF 

.--2-Jetn.,-l-l-In&myl Xantbate 

'rime of Temp. ~fillit!:IPlea j Yield of Mass S-peetrometef' Abl.ltld5nce 
.ting (lc of Rc.tioa 

in Gin.. Xant..."late Thi<m S t.t'hw-ethar Xenthate 
ester PbS :seso4 1BC03 atom Sa.'tool c atom 

8"sz;534 8321531+ ctz10t3 

TD·I 90 100 1.1.5 81.0 71.6 84.2 22-20 2-2 .. 28 93.63 
l?D•l 2 77 20.1 3.66 4.44 4.14 22 .38 Z2-31 93.63 

t TD·II 90 100 1~36 83.5 83 .. 3 82.6 22.18 22.27 93-72 
():) -- II 3 79 zo.o 7.85 7.80 8.30 2'2.40 22.33 93·72 

TD--ni 90 100 l.lf! 88 .0 ... 83.0 22.20 . ... 
PD-III 2.7 76 19.7 4.81 .. ... 22.4-a 
Tl>-IV 90 100 1 .. 15 87-8 67.6 90~8 22.22 22.30 93-78 

... xv 3~2 60 17.4 9.44 6.93 9-86 ,22.35 22.36 93·90 
'l'D•V 90 100 1.13 86.7 86.7 93J+ t2.23 22 .31 94.25 
PD•V 2.9 '75 16.6 5-70 6.4; 6.56 2'2.41 22.35 ~.25 

if'D-VI 90 100 1..17 00.0 91-5 94-3 22 .. 28 22 .. 31 94-.. 34 
PD•VI 2.9 81 17.7 1.0.6 11.2 11.4 22.46 22 .35 94.43 



of na 

to 

vou1d :ve 'but a eJ.Lsll.t eftect on the reeul t 1~ eft ct. 

(9) 

·Th,e obse leoto.Pe ettecta 

ra to 

l1 1tl Table n . 

XI 

uaro. QBSIRVED ll 

TSCBti)AII'I RIWJflON 

lo. ;/k-,4 -.:,,;~ 
'-'b.ion s Thio- rtber 

A tall SAteD 

D-J 1.008; 1.0014 

:a 1.0103 1 .0028 

1)-om 1.0094 ... 

D-lV 1 .. 0062 ). .. 0028 

'D-V 1.(1083 1.0018 

l>-Vl 1.008, 1 .0019 

1~ rt cts :ve been av..~ 

hon tbe .... 

1.0000 

1.001' 

1 .0000 

1.0010 

using e :tio 

x-eSI.\ltaAt ettectll l:te :ln Table III. 

d at et&Dd&rd 4ev1atton. 



abl XII 

~lka 

/ 4 

T.bio-ether euJ.JbU:r "sa/ky. 
Xanthate carbon ~' 

lt 

1.. 1 o~oo1 

1.ooa ! o.oo:~o 
+ 1.0000 ... 0.0006 

X and II 

quatlon (25)1 'fiJ!q be U8e4 1n a flU8ll tive t ca to reUct the 

meant tu4e an4 41rec :ton of 1eo'tQpe ettecta m un141wctional. nact1ona. 

The 1totol}8 ettee:w *1ob :e predicted l'hUlttna han. Mee:n.ell 

I and It 

eXNDined mon tully \iitb the al ot equatton (25). o eM au'batanoe 

to the pn41ct1ona etteaJpt l1al been ma.de to calculate the 1ao-

cban1 • 

t.t Meoban1 ·x re qperatt 111 tbe T$0bUpetf reaction tbe 

molecule Would pas a through the tra.tlai tt.cz •tate abam low. 

~';c( 
......... ~~/ ' ,.... c/" ' H 

I I 
I I 

·"", ,,s- cu, 
"""a" 

If 
s 



bon atom t thi 

/ - o- c- - - ···· o····· ···· s-- o==-c + a........_ 

itf'erenc · in th 

cttles o- c1L s 

e u.a:cion (25) may d1 ctly tated to t ... 

re energ!e of to tion of t i otopi,. le-

o- c1 .s • Th second 

in q. sim1l.a.r ~ner b r -

1 ted to th¢ di~l renee in the tree en rg a of fo~tion of the 

t.sotopic lecule . o· ·· ·· ~? · · s ~c ~~- . ·S a. tao f t 

1t 

1s re atro ly bound to 

1 the transition ta 

tion term fot th 

ition tate l.l of a it t t of th 

diff :renee, ver, will be 

0110: l nul. t of tb aq; n eq tton 

(25) 1$ oost likely to be- a nUmber sU.ghtt.:y lesG tt,an orul. Since tM 

fectiv~ 'l'll1lS m in thi eaae vtll be gtven. W't7f ol.o ~ y the 

t1o of the redue of the c12 s32 c~s32 

Gbould b$ ot th or&· r of tvo to thre percent. i'h· ei'f,ct is ¢me

What lowr in tht case tb® that obtained fro the ruptuM of an 

isolated e rb ulphur ond due to the · nd -ro :tion 



he jQ 

ur atom 1n )Be I ar ill. trat d b7 th model.a sb.o bel.ov,. 

I 
- C- S - - :...C···· S··· · ~ ::.C + S -

In th1s cas· 1 to , t isoto'pe effect ll not be 

f i o ted carbon ul-p ur 

e. vn.lue o'f 1 ... 008. The differenee of the two s~tions of eqUAtion 

(25} Will be 'positive q t:tt7 fo't' while tb.e a({ ) tet"lll for the 

t ition st te 1 
1' 

rg ,. A u i ey a ll it y . 

ot tb te s~n1 

which 1 l. Tho p oduet o(U:) A~ will h! 

ll ua.nt1ty . 'l'b pr-oduct of th · effective ~ 

br eket ~t'n!S will b retore :fatl in th of a to pe-rcent. 

Th bonding f th thi,on GUlph 

ttere.d 1f thi tb i, tope effect tor it 

11, a f v tenth$ of percent t st. 

I O!'tmle.t d 1 ' tb 

~-./ 
I 

3 

""90 ... 



t 1 itQ:portit..n to note that in t iB ~ chan1 , the r :te d te in ... 

ins step doe not re&ult 1n the i .dte.te and completG tap ration 

o:f' tho xa:ti ;te eorbo tOll ed the thion ul1Jhur atoa, but ·rely 

oft.· bond b t 1 , the bon.d order 

not ecmtpletecy 

ratto of the off. ati 

t.11e rat$ detennin 

. es ~ equation (BS) as$ e 

tbe s ctio 

ll 

tbu pomt to 

f 1 tope ffects . It 'rill s :t'ice a.t 

t :t 1 t u of t order ot ttanilh& ot a t'Clcnt . 

In •• nt 11.7 

iotcd lOWe 

- O- C= S ----.. ..... t') :..:..:..:.C~S · · ·· - O= C-

In this oue t · fit'st e~tion in e tion (25) y 'b directly 

l to to th differen in the tree energtes of fo t1on of t. 

ccu.l.es o- c1 
i.'l an o- c1 t separa 

co s t1o 't'Cfers to ei iia difference to1.• t two tao .. 

to'p1e lllOlOCU O~C 2 . -e a..'ld O~C . . . ft'Onl Ge ted. ato • 

carbon oxyeon bonds re stt'onger than carbon sulpbur bon ; the 

differenc of tho;; t o t likely to 

ove ll re ult of t 

... 91. -



slisht ::r 1 se han "' i.ty. Since the 

rcdu.c d n te - 1.11 th- produ:et, f tht t 

tty 1 wrry elos to it. 

is.otope fllff -ct tor t x :that<! c rbon. e.t 

:roe.nt. 

'hould e clo to ero 

tom. n this 

d4trgo1ne the i'ollo\ring cba.nge in bonding . 

b depicted 

- C= S --.... :..:: c :...:..:...:s ·· ···H - = c- ~-n 

term ;we ri in th trwlGition tate tion d to th 

to tion of the sulphur hydrogen bond will 

t iDG Au1 i s 11. The cUff ne of tbtt two 

w.U.l therefore be ll pooit1ve n~r . 'J.'he pro uct of the square 

bro.ckat term e.nd the ffeot1 '\te e 1 the 1. :t r ing s 11 

n this e to e b a n her slt htly greater tb on • 

T tso-to:pe ef:C ct should not exc d. oM percent . 

The ond1. of th o-et ... sulphUr atom 1 t w 1• 

ably lterred in thia che.nism d thet'<!fO th~ U;otore etteat vi1l 

l.l or zero. 

The ua11tayi predtct1o made abo 

'r ble r; . 

rt.zed 1n 



Table IV 

Thion ulphur at 

'lh1on su.l:ph:ur · 

Thio~ther e.ul:J?hu.r atom 

532/sjfi. 

. 32/S34 

cl2/cl3 

32/534 

5321834 

c12/cl3 

t. 00 

1..01 - 1.02 

'}..02 ~ 1.03 

t.Ol 

l.OOO 

1.000 

Theoreti<:!al Co.laulation of the Isoto Effects in the Teehugae:t"f 
eaction 

a to ~leu ~ the 1 otops etf'ect. 

t thio sulphut' 

of · ·· cbani XI.. ~ ce.leuution.a 1nvot veli thO determi tion of the 

o.xima.te th · xantba.te 

po1·ttoa of tb: · mo1ecu.le. T.be iSoto effect 

tton of t ae vnlue 11 Btgel.ei en•s expwe.Gion, eqMtion (a5).. No 

c lcute.ttOUG w~ as.rrt d out for t o thion a l.pbur om of cl:lan1a I 

... 93 -



Even lifted , t calc l.ationu 

t~ co ... 

t1nuity of thU ction1 11. of the work ~1u:tng to the eatc1. .. 

, :tions hruJ n:p di n tdir t diately fol ng this 

. 1 Vl .n b.e . ~ f 'r'thel:'tilO · 1 the int rprete.tiO:n Of- isot ffects 

se 1 1e of great int t"e&t in 1 t elf. For both these 

bl! v 

PREDIC'N.D ISOTO .clCTS on 'm 'l'SCl~ 

BASED tltEORET:tC/\.'4 CALCULATIO 

.. 

Xe.nt te eat"bon a.t 

'l'bio-ether eu.l: hur ato 

1~c:ha.n1s II 

Thion ulph 

X,./kh 
ct2;cl3 

632/s3 

cl2/cl3 

8;a/s34 

i I ' .. 

1 .027 

1.013 

l.Oll 

t d1-

lite. .. th diacw:; 1o which 1s to foll - , th$ l.u:... 

lis ed in 'fa.'bl.e: In, 1:V, end V 

t lc f'ol:' 



tbe valuee obtained in _ qua11 t1ve manner ua!Dg Bigeleiaen" a 

eq.u.ation~: 'WbUe the t1&Ul'e u:nae:r t.b.e hee.41rls "calcW.&ted" repreM.Ilt 

•• tor the 110tope etteet• obtas.ned; ap1D '¥1 th · &14 of 

Bigele1aea1,e equation, ill ao~e quantitative fabian. 

'l'able Vl 

SUMMARY OP THE ~' PRSDICTID . . CAWIJLATJm 

ISCt.I.'Ol'l :srrana 10ft TD ~ RBAC.riOB 

kJka "'1./ku. Mech. ] kJka Mech. 

n· 
~ Predl c.a.. bdt CsQ. 

Thlo-ether s atan a'3a;s-,4 1 .002 1.01•1.02 1.01' 1 .00 

Xan'tha'te 0 etcm c12;cl' l. .OOO 1 .02-1.03 1.027 1 .00 1.000 

'l'hf.an s tan S-,a/S-,4 1 ·009 1.00 - 1.01 l .OU 

A CCDpa11.toc Qt tba CQC~~e~tal. reiRllte w:t · tboM pl'e41oted 

tor Mecbeni • I lhow tli8a to be £neaapat1ble. ~ abeea.ce fd flAY 

tbat the boud 

II 

y Mechen1 I ,. 1\u"tbemon, ~- X e.l.lowa to-. ODly a very ..U 

1eotope etrec'l tor the tblca ~ atcm, 8114 c ln no JIIWler &eCO\U:l.t 

tor ntne- ter.ttba ot a ,.:roeot actual.ly zaeaau.red. 

t Vi \h thoR pfttictecl tor Me¢b801• XI. !he nro ptrcent 1eo

to.pe effect for the xantbat. catbon ataa 1U~tft.tea QCQc1ua1ve.ty 

.. 95 -



etate. 

tor tb I 

a 1a el.te 

r... 
:t1ble v1 tb · e mptul'e ot a '' 

and the tblon ~r ataa.. 

e.ct.t \lbiC!l toUowe · 

outlioe .iQ thie tbea1$ to 

~de V1 a tw-atep mecl1an1 

~l xanth1c 1 iutemedtate. !he 1n1 

• 

tor 

tomatton 

the Biatorlcal 

Na.ee (el) 1 Sn ol"der to account to 

DDt.batea v1 ele l'Orle t.tve 

- 96 -



ster groupings, tcturad. the oxygen e.t forming a bond 

with the xanthate carbon tom during t, e rate-determining step . 

'l'hft re elect1.•one t:iv the ester group! 1 the larger the induced 

po it1 o chars o carbon tom nd hence th~ great r t dr1v1 

force due to the oxyeen tcr.n. Nov, if this 1 ir.d.eed th e, it 

foll~.s t ~ t isotope effect for the that carbon tom Will 

bond fo :tion occur 

simUltaneously. It further 1~l.1es t at all siX bonds ~re under .. 

got s: ch.e.tlgea at nee.. As the = ured. sot.o:Pe effect for c r'bon 

ro rcent, this , wst t n 

Ce.teu.le.tions f 

snmm that if t e 

reaction U aot cone 't'ted, bu.t ra.the'r tepviae u pictured orig1ne.lty 

bfY Stevenil and Rielmlond. (1.3), t .. e . , fo 1ng t 1nte di te ,, 

I 
0 s 
~+/ c 

l 
s~ 

then the tot ftect for th xant hould b of 

the order of o perce t. Since tho ubli :tion. of St vens • pa r 

1 1941 it 

u.lt is not surprt 1. Nonethel.os 1 t 1 evt ·at t t teotope 
' 

ftcct . do cl l.y the ffect of driVing for 

1 operati ·" lurt'her, it should po ibl to late the change 

.. 91 -



for exemp 1 aa t "' o r ::ro 

e., with t 

ro t () ' . 
of thi& theots, a papol" lm$ pret)ented Qt 

tl 0 ngrcaa of th o P :re ..:.. :pplied Chetr~.ietey 

1n ":urich by S 

of tbs tw 

tu ion t6 tb 

r~ •tion. 

(;a) vhic also ealt v.tth the ob or which 

in the ' ah f"f reaction. 

in this t~ usn c $6 o l 

ll 1 '1nd.eed 

that t~ t 

(I) proc,. d to giv 

l. itton of n 

vhile too eorw ·J.Xmdin! d1thi.olee.t .. bonate (Il) di not a.Qt under 

(1) H- 0- CS- · (II) R- - co- c~ {l:Il) - o- co-oc~ 

(IV) n- o- co- san ' 3 (V) R - 0- CS - OCR 
3 

l:a, IV, ~ V 

s!, ... e( ... f nchQl., 

0 

ter then s itte to the _l trca nt~ 

·98 ... 



The tera 1 t · a III 

dist'illa.t1on · s dtd thoea of t}ope II. '!"he esters of type V, how

ev-er, did deco se to yietd e.n aU;.ene 1 carbonyl sulphide and 

ion. therefo concluded ~ha~ nc 

t ion sulphur et0"...1 u.s be resent :for deco "'ition to occur, th 

thion sulphur a.t , ther tlle.n the thio-ether $Ul.p 

bond vith th(lf :proton in the rate ... &;!tet1!11ning step~ 

ato · , mu t 

It 1 intere ti to note that only tn caeen I and V 

I 
3 

/ 
.. ;Y'oo~ . 

c? ·· .. 
/: 

pignifice.nee. The tr ~oi'ti .n stat & 

~"0. . low • 

. / / c ... 
/r:·· ·~ 

j"'· )p 
I 

0~·· .o ·· .... ·:/" 
c.·;/ 

.. 
XI 

/ .. c . 
.:/ · .. o·7 . 

./. . . . 

I 

III 

In e~unds of type n ~ xant :te carbon tcm is tnOl"C stt"ongly 

bonded t.o the sul: hu:r :to nd le~u~ Gtrongty 'bouded to thO c;br:f, en 

tom in the tr Sueh pro-

c vo t f 

.. 99 ... 



t'he:s.e bondin$ oha.ngf!ts. tone will be poaitivo quan:t;l.t;y. In cas~ 

III end TV' th t c~e in energy ill .., vecy etos to ~ 

tm:- the bondine c nge;a 011t the x nth te c rbon tom. Only i 

co ounoo of type I and. an the :fr~o enol'gy eb ea, d: to the 

rtor bon fo1;"1.'!18.ti to too xenthete c rbon tom, of a f ~our bl.e 

~itude ll.lld, stgu, t.\nd1 tnareto:re, only in tlwse eaa,es is a. drivi ~ 

force of e ty: pt"evi,ously de c.rib d., opentive. 

The d.r:l:vi.ng fore due to the tt bonil forma.ti of th oxy@!)n 

to must be of i~rtanc in thiS action for es arlter t&ted~ 

AleXIJ.nder a. .d '11\ldra'k (17) hav -po1Jlt<;\d out th t the Tschuge. ff re• 

action repreaantg a unique tnutanee in ~ich it ppeared that an 

at is displaced tr a elJirb a wttbout ·he e1 :t,.do :pproacl: 

O'f another . Bath r, the t"eaetton may be pictu~l dtspl.ae nt 

tr of 

electroliS on tho a ·· gen at001, 'flrt.s p-rior bo. d forma;tton is the 

le ng ot . of the reaction ~ it results in ~ning of the 

l .. oxygen bo d and in the d.iapl.o.Cemettt of the o'ther e ectron 

pairs wnoee rQdiatrtbUtion is tn,10lved 1n the t~ansformat1on • 

... lOO ... 



:u. is possi.bl.~ to inte~t ~ p-.r-eatct isotoF tfeets 

from a. sl.tptl.y d:if'ferent and s.t the same. ti~ m::lre :fundam~nto.l 

Vir~:tnt tlu,.n. wa done 1n the preceding 1:1ect'ion. Su..~h on tn~

p~tion res~ on a consi®re;t:t.on o! the ac>< .. ee.l.-l.C!ld 000~1. vi;,> 

esJ tlw ratio of the parti ttor" functions of tvri ieotopica.lly $Ub ... 

£Jt1:tu:ted mlccules ~y be 1 ... due~d to a tena Wllieh 'i& ~ ftmetion 

of tboir vibra.t:tons only; (1.\1., the uiof equation 25)v eal.eu ... 

lat1on of the not•l df;a. 11: ~ itotopic s~eie:u io a requir~

ment for a.:at e~t ea1e\11Atioo of i&o~ eff ete. 

An insight i,nto wh.o.t 1 mt~:e.nt by a :n.ot"lllall vib1."at1on •Y ~ 

~i~d by ~ eonsid9re.tton of tb:a ball. and eprtng mod.ol dt•>yio+....ed in 

i';Lgttre; l. 



restor .. 

' Y" 2 portion of molecule a r gi • I.:f' X 

~tr::; f i qu:,tl:tbrium. ition in 

direction ·... ll. 1. o t. z, it vil.'L rry out et ple nic 

t:ton ot ::t'requen"'il J x~ Eal!dl.erlf, it X 1a d.tspJ. a in a dil.~ec ... 
tion -per-pend. cu r- to the 'IZ,., p1on , 011 in the direction of th,.. XY 

G 

tJrtng, it w1.11. rr., in u.nder~o ai$l)le ha.nnonio =otto of 

Y nd J y' 'l"'""<"f<""" 

ve , if X is d.i p'lACe i any di ction ot r than t'"n 

b 'reSO ved trtto th1;'(!0 . 1 · 1e lo the 

three COOrd i id.i ty of tz2 

di l.a<! 

y b shOwn t t all suah com-

lfliea.ted mtiorm f th nu.ol.ei vitbin t 

• Eoeb normal vib $1.o 

f .at that e • 

t ll of the rtial 

d.,. in ~r.l.~r&lt IW.)VC in p ... lMe. 

There 

... 1.02 ... 

leoule, I o lll!.tter how 

e~ te,1z bJ t. 

le ha.n!Dnte mtion d 



tber~for , 3M Ch .. gr eo of ft'eedom. If 1ntere$t is ent. red only 

on tr..e vibrat1ona tha; tb nuclei unde-r{Jo, then of tJlr,:~ 3N deg ~s 

o it ed. 'i'ht·c.. of e 1tt d eg ees of 

whole and the G:. 1n1ng three u:fi'i to describe rota.tio of 

the ;retent ret :ti .. the ~s c<:t ter... It tho ooteoule in l1nas.t', 

then two (!.O();'l'd:l.ne.tb r~ euffie1ent to detH~rib'"' t.t-..e ot•ienta.tton of 

viht-at· 11al et; of :rr~lea~Oil! 1lldl.ar nt.mlbe o:f no 1 

wile a line~.? . ol: ic mle¢ule 31 .. 5 ueh ~-G. Tl e le-

cu.le m 2 r..u, tllet'efoN, six normal mode or no . l vibr. · ions 

a.t'IJ.l t-hese ere ill trated. in :Fi ra .I . 

... 103 ... 



e cctt"cnic str c·bur . 

r the ~ntl nee t hich th 

. i t to wry high or~r of :ppr xi tion. 

spe iea . In d.di t. <:m, hi 1 .... otopJ.c shift b , ht a:oou:t in cer in 

~ v ey · ll when he at01n vhtcb i"' r pl.L'I.ca t-cy' 1 

the shtft vill be 1·oU. ... ci~ly tarroe wen t~ u.to in q_uestton lJa:S a 

l.ar~ ~ 1.1tuae i tna.t 

of! ct bs r d for cl~1 1 

i& depend. t tq.Xm w · itu<l~ o:f th · i otoni.c - 1· ft in the _ .. 

u··ney (Le . , tha te . .ta ,t1 ) 1 it follow 1l::':ll.e'U :t ly tlYa:t tll iao• 

top effect Vil.l 00 ~t or ~ml,l dC"pO dtng on vb.othet> ()%' DOt t~ 

11.0 Vibr. tio 

i ction oft 

dett'lrmi.ning a.tep ~ 1: 

th -~ n uestion 

tr t is ruptured o 

vi :tion y 

byt of th 

... l.o4 ... 



the- molecule e~..nd ea.n no tonser be !iiScr'i®d. ·o the r;t~teht~ of eny 

one sinala boln.d. A new expression is ~qu1r~d vb.ich tak~$ into e.c• 

cowt this int.erdepon®nce of tW:l m~M:U~e~ o.nd foree eonetants . 'rha 

~-pression e.l.so ~e into a.ceCl.Ult the geolll.etry of the molecu.l.a which 

has been stated as t.m.Vlus e.n i!QOrtMt ceartng on the iaot.opic shift in 

the frequene1. Sine(:) 'Mw mnleanle under consideration in thi.f'J thesis 

to dete1'1111ne t.h.... norn'!D.l tt'¢q;u~nc1~a s.nd the eJ:!~ in these :f!•eqUE:n

aiea due to botol'ic aubatitution~ 

The nor~1 vibrations of 3 ~iecUl~ may he aaleulated from 

the roots of a aeterminantal equation vbieh is arr.i\~d a.t ·by a ¢on~ 

aid~ra.tion of sca.ll Vibration 1n classical m.echa.nics (59, 60). 

d A Z -< 2 
{ dt ) 

"W"herc A x"'( , A Y-< , etc. are tb dis-pl.e.cemeni; qoordin.ates of th$ 

mas& m ~ • Equa.tion (3-A.) may be· simplified by rapl~oins the co-

... 1:.05 -



th t 1 sl.lbsti :tton equation (3 .. A) co _=> 

or sme.ll. dis 1 cem.exn;s) th potential. en rgy V ex ... 

paver s rie in the displace nt ~ 

+ higher te (5 .. A) 

By choos the or o the ncrgy s that of tl · e u1libr1 con• 

:r:teuration, v 
0 

u.m < u vI a ~> v:anteh ia.enttcatt1 , so tnat quat ton 

(5-A} becomes 

~ aZv 
w = ~ < a ~ a > ~qj 

i,j '::1 l J 
(6 .. A) 

neglecting the n . gbiJr order W 1 i ~ . rmonic motion for 

nto involved . A conatan kij 1 nov detin d as 

{7-A) 

., uation (6-A) lO be rem tten 

d "a'l7 a v 
At + -- 1!10 Q j 1011 1,2,. • . , 3~ (9•.A.) 
"' ~qJ 3 qj 

Substitution of q tiona (4•A) and (B .. A) into (9 ... A) ives 

... 106. 



3It 

j~j·L x.1j~-o J•l,2, .•• ,3!~ 
1 1 

quation (10 A} 1a e. set of 3lf simultaneous e.ccmd.-.order line r 

ible nolution s 

ro rty cnos.en constants. Substitution of 

ql.ttl.t'ions; 

3i~ 

L 
i l 

where S ij is t.be Kron cker delta aycmol, i.e . , S ij .., 1 for i - j 

Only to·r cin:l values of A. does quo.tiou (12-..A) have non ... 

trivial solutions, and these va.l·es n thos Yhich tisfy the 

dew ina.n l or ecula.r equation . 

kl.l ... r;_A ~2 · • • • ~,;Jfl 

kzt k :.Z2 .. ~"· ..... k2,3N 
0 (13 .. A) .. . . . . • Jl • •• 6,. •• ., . •· .. 

~,l k3! ,.2 k3I~, 

In this equetion .. t;_ "" ~ • ~ ~ ;; " ; m.., "" • • • • The 

eeulAr equation (1J ... J\.) co-nsiete of 3N rQ a.nd colur.trW; d con• 

t jirth da • vel:' 1 only 3N• of tb 

\ra.lue a& 1x z ro roots · t be included. n (13-A) to count for 

... 107 .. 



th~ translation rotation o th 

zero root fo-r A , t 

l. od • 

l~ of tho r tio .of tb eff otiv 

·SO& be.i'o eque i n (25) ~ he ol.'lf d !or tl:1<: • lu~ of kz/~· 

In tb ~etion ~ eh de lt with 1 oto~ ctfectn in 

~ffeettve 

-ple:x along the eoordin te o:£' d.eeQtiiPOsition . Slawr 'b..a,$ ahown {38) 

thiJ.t. in the case of Mtm;pla bo. r!l:pture1 ven tn compllc t d 

s te i g1 ven by the r d eed ULa of 

th hypoth tical leeul 

ca$ simp~ tb ratio of th reduc d .eeta tor tvo tnlcb. hypothetical 

mol cutes · here on. of theM hns · n 1 otopically substi ed. 

1t ooc rs in ~quation ( 25) 18 

r . According to uation (2-A), thi 

ratio ie equal to t ratio of th light to the heavy f~equene1es 

for the tw 1l!Ptecul.~s ~ 'i.e . , 

/.f 2 l/2 
{-) 
,;Ai l 

(2-A) 

1n equat (24) 1a t.h\lt-efo a ratio ot 

- l.o8 -



·t;wo 1 otqpie i'requencic .,. It ~ al.Do be sno~m <f'roo Sl.s.tet>•o pcper 

tllct a.uh of toot!le tNquenci<U! t-efers to that vi\:n."•.;tt:!.onal mode vhich 

1f;l W.Dtab1 to tn:'ltion in t .e 'f.l.troetion of th• Naet1on cocrt'Hnateq 

'i1J.1at i&; S:t 1 oo to:ngcr a v.t rational. wt1on but mtb.er t;~r~ of 

tl"MGl.a.tion tthen e:teited With tM requist:t~ ~unt of t':M'rf!Y• J'U.r .. 

• l:xe'MnOte, the ~~ ~t' ~m:rt.rn.:toG that the -efi'cct1 ,;a t:ass n.tio 

of two 1J!otopic ~pe~tes: Jr)!;._tf always be equated to a ra.tto of the cor ... 

eapondtns tw~:b:xaey f~u.¢:ttcieG tmd tbt~ iS t~ n.o mtt.er· how CO'C1 .. 

-p11eated tba: ~1 eul0 or wat mnner ot booiling ar~ the =~eul~J 

to undergoing. Thi%3 foltatm beC$UGe tlw ~oteu:tie.l tertt..s .e.~ alva.;te 

the aut~ for tbo two isotopic s'PQoiee. 

'Tlw tact tha.t tho effeet1v~ IOO$B mt1o ma1 be related to a 

~atto ot the i~inary frequenc~s ean be d~monstrated in a diffe~nt 

fashion. Eqtw.tion (25) u dt:tv0l.Dpi.Jd pl"eviously tt'eated. tho Cl:"om-;in,g; 

of the potent:IA'l. batt1or as a t:J:oamll . .ation1 wb.il:e the eol'Tespond.1ng 

tiou. fww.tton for ~ aet1vs.ted. cOL~lex. 'WaS too. ~<.mpl.e~ pa.t~t:ttion 

functiQn and n:ten"'ed to ~ .. f.G degre¢B of vibt"'ationa.t f~dotn. 

B:Lgela1.sen , aba'.m {64) that h1s eqt.Ult on t:!fD;Jf alte~tel.y 

~ &il-rtv~d by const®ritlS ooth the ttl)'tion o.orosu too be.t>r1er und the 

C'Ot"l."eS't,)On<ttug \l6\'t'ttt1on fQnct.ion u trnrl.Sl.at on. Th:lll ia done ty 

t~ttne th& ,~ti~d OO'QP'\ :5e a!l a moteeul.e poasEjes:tn,s but 3!4-7 J 

l*&tb~r t~ ]N...6, @gt<eoe o:t Vibrattc:mJil;l. freed.<:Q. '1'ho ~int~ 

·de$N1) of f eedoa, tn.~ one: eorreopond'ltlo to tn.Otion al.ot1S the ~ ... 

action (!O<Jtdinaw, i.g tt'eatod. as a translatt.onal motlort. \fben this 

is dOM1 tl:ta term m f (vb1oh t'e\'Jreo:ento, the 'mi:.\GS <4 th aettvo.ted 

oomplex along the reaction coordinate) ~ar1ng in equation {20) 



(20) 

cancels, g vi · qua.t on {15• ). 

~ "'* 
h .. QA~ ... k 

Th~ t~rm Q '* di ftn·s f'rOTA Q• in that it r fera to but 3N ... 7 <legrees 

of vibra.ttone.'t ftoeed.o:t. Equation (1'5-A) ia 1 of co·~·se; t..'le rol.~ 

(2 0) in 

this is to b co :n retl vith th o igin.e.l ~l>t"GtH3ion 

l'L:t I 

/K. - (....L)Ye. t/t* (23} 
l 2 n;..• 

J l.1 nd J 21 e.re t e i'!l'la.Sinary f quenoie (or more corr ctly in 

thts Ct\Se, the a.ccelErre.ted tl'tU\Sl tional aQ"tione) of t!W light and 

hoe.vy iBotop1c ~lexea in t . tt"a.na:t.tton stat-e. Ths tet 1 :rr! is 

n ey the exp. ~ sicn 

(~) ':&G co "'ent .. :t on t!~~'11JS M\"0 b . n pla ed by their rea-p ctive 
~ition functions . 

- tlO -



~ ... 
Compe.ri o . o f w.d t 1 sh · the t differ by the f ctor, 

(18 ... .\.) 

n, equation {19-A) e.r.u3. (23) wtll thus dif':f~r by one over this 

factor. It n 

nogligibt ... or a.ll t'fae.ctions oxce-pt 'PQS2ibly those involVing hydro-

.. ~n iSoto~ • · qu :tto (C3) ,, (16- ) ~ th eas n ! lly qui .. 

tent . 

JU.•t e \~tio (~3) was expa.n "'d. in.~..:,> t.h.e ·or useful ro 

o:f · quation (25) n eq tion (t6 .. A) ·· :; be thrO"..ro into :teri'\!1. corrll;s ... 

pondtng to equo.tion. (25) wn1ch io valid for all. ~ s W.et'e 6. u1 is 

11. 

Equation (19... ) ~ etaploytJd for the cnleul tion& t"Dported 

in. t h1 ~sis • Tho t"apo& ~ tot: the T ell ~u r: l!t.Ction 

involve stmulta.fi~us ~ d fot'm&tion. al!td bond brealmg .. hence the 

eft cti vc mas: tom co :L not he relAted to the -reduced of 

deri 

.. l.ll -



Th Calculation of o ~troct for chanil II 

The leul.ntto» of the l"t!l.l\1. 'lllOd s 't" ?I perfo, .d. in 

accort.bl.nce vtth tb l.~Jn for<:· theoey. This theory suraes that 

... h ts a l;'O re· tot'i fo <?.e in th line of ~ ry Vtl.lence bond 

if the dtstauee betwen the two a.tomo joined by th1o bond i.s ~d.. 

In addition the~ ia a ~etor1~ force oppo ing a e re in tl10 

a.ne;l. between tlro valence bonds connecting one :tom wttb tli'Q otl'l...ora. 

owe'V'er, bendtng Vibrations wr neglected in thB pr sent ~alculAtions. 

theory al.eo glect any anbarmonict y terms and, there tore, ex

presses the -potential e r ,f!J in a quadratic fona. 

C lculstton of the o l l·i:.>des of the Reactant ~l.ecul 

'!'ho force conatant to-r a p&wtteula.t" bond is a.lmost an invnrunt 

quautity OJ3. long as t~ bond has aittd.l.ar environment in the different 

leeul.es. eref'o .th values of the fol"C constants used in theoe 

c t.:cul.ations wt·e Qhosen for bondt$ cl~ly e:pproxitli.\ting those in 

toe models ~d. urthet"llllre, 1aoto:p4t effe to are tnot' d.~pendent 

upon the i'requ.oncy shUt th$n on the a.bsolut ve.ltrte of the fr&quenoy 1 

e.nc1 tt van to obtU.!n good va.l.ue f.or the fo - l" quantity that tb: c 1 .. 

cule.ttens N pr1me:ril.y 'lllldertaken . Even so the value of the fre

qU0nc1cs themSelves will. $.leo be o'bta.t~d. to a. very good c.:pproxit~~&tion .. 

The v lue • toyed fQr the fore coD&tants in the ealculattons to 

:tollOlt are tabulatad. b tow together vith their l.iteratu'ff:t sources . 

- 1.12 -



Table I 

Gtretch~1 

:Bond t•ee Con.ott:. t 
Reteren~ 

xto"'5 dyn. 
.......... 

4~53 (61) - c- o-
/ 

......... _.....c= ...., 7~50 (59) 

........ 
12.1 bSJ) C= O 

/ 

' ....;..C- <:>-
/ 

2.23 (Gl) 

- s- a 4.20 (611) 
...... 

4.97 (63) - e- n 
/ 

. des 

III. 

For both tllt'·Ob.ooiGUlill, the ~s t!1z in tb.e t.n.0<1 .1 ref r~ "'a. to t~ 

x::mthate eat:bon tom. Since thi_ atom in the e.ctua.l xanthate :mole ... 
~ 

cul.a i in t o ~ hybridiz •d state, t an le in t above 

del vitl. be v 

.. 1.13 .. . 



or t n ctei 1n thi 

ne ,l cted.. The aeculru- q~.W.tion will, the~f'orc, VG 2N l'OOt • 

Of t.hcse ootn thro will 'be ,;o-ro1 two of vhteh dcsorib the re .. 

aultant tl' naat·onal tton. o the syste111 l.on ... the :1t nd y ~ , 

nd the thi:rd the ro a:t:ri,q, of t e system ai!J whole. S1n~ b@nd.ing 

vibrations 'e l.ected C~h t re Vill be a.ttog ther four zero 

roottr. ()m,ission of • , tho bending fore conate.n,t_. 1 not a serio 

force CO ta.nts by faa Ol' of a t 1 ast .. Tb.ON ore 1 the fr. -

q ncy ari~1ng f~ boRding motion of the mo cul ere much smallor 

t n t e d stntc .d.ng 

hi 

The 'l,'IOt~t 1 tunotton tor 

di.e"{)~nt ooor tMte is 

Tl.'l.& det mi "" tel e uat1o for thi expression c'btaitted f o thf.t co .. 

efficient~ ot th · diapl.oot:.m nte is 

~t .. A~ 0 ~1 cos 9 0 

0 -Amt 0 0 0 

0 

0 

kll. cos 0 2 
kl.l cos Q kaa .. A~ ~lc ~ sin 9 0 ~ ... 

- "~ l.l. in 0 ~l ¢OS in Q ~l i '" 0 0 

0 0 0 0 .. A'1 0 

= 0 

(21-A) 

0 0 ~g 0 0 k~ .. ,A~ 

I 
... U.4 ... 



kl.l .. An;_ 
1'1.1. CQS ~ 

tt11 sin 0 

0 

0 

ft r the four z ro root& 

'rb Initial State of , 

1 sin 0 

0 k22 

.. ~ 0 ~If = 0 (22-A) 

0 k22 ... _Am; 

b en f to tl. out. s.: wl. o 

l I in thi case ~fer to the enalog · portion of t e 

.. 115 , .. 



The non 1. frequencies o t model aonta:'t.ni~ l;)ul.y the 

tight taotopic u-pecia.:~ 't re first catcula.tad ana then the shi ta 

:...al.aulttting th- normal modes for the cu s wh r~ cru:-bon .12 re· 

plac ... d by oat'bo 13 · ,; ttl:~hur 32 by ul b.ur 34. :J.:.n fr q nai a 

wve ntmlb'3rs, t. en. ... t . ,. • 

'\z cl.3 AV s3~ ,,31~ AJ 0 

J I 1090 1064 26 ~ I 1.090 1.090 0 .. 1 L 

J) t 
f 606 91 15 V ' 2 6o6 600 6 

~htft, iin 'both ot the ft"equenctes, whi . 1soto}!l1~ cn1bsti tut1on1 cor• 

respondit~ to the reptae~ment of s32 by s34, ca\W~ ~ shift 1n only 

one of tn~ wo oo~l ode • 'l'hu tll.USt'rt\tee: the fact t t 'When 

the amplituda of the vibration 1 otoptca.lly subst tu; ~d i 11 

in the dh~ctton of ome p&!'"t e\.\1 r no . l. mode, tiw 1 otopic bift 

or the e hi tio of toms illd.icat d y t enctos portio tn 

i ure v .. 

... 116 -



. normal. frcqu.enei n ob · in .d i'ro ie.otopio ub ti ~.ttton of tb 

l 
. ;w}. 

t l1e carbon e.nd sulphtu.- atOll'lll are t&bul.e.'t~d be ovj Gxpreased in em,. • 

eta cl3 AJ I a z a34 ~ J I 

;)l. ' t:st.~r -278 39 J 1 ' 1317 '-311 6 

921 916 5 

1n tho c'l-~lop ~nt ot eq :tion (19-A) it was noted that the 

pat-t:ition fu:uetton or the o.ct:i:vated <::otnpl.ex referred to 3N .. 7 rat ~r 

tbo.n 3N· 6 vibrat1o _ .1,. gr e of freedom. 'The m.ts· ing degN of 

e, tt 

nC~ longer r<:G:pondn ~ vibration but rather ao a t~e. of trQ.ll$ta.t1on 

;mtch 'I.e _ to ·· separation of t 1:'!101; eule into o . rtf! , . 
activate 

... l.l7 ... 



f'r~9J eu y i t'bi one part culo.-r normal mode Q It 

t 11l th. olutic.>n of such q rnt.tc :f'ol"tl'lS, when tb 

ts a.l:'e areater t' n ro they correspond to ai 1 ha.nnonic v1 ... 

'bmt.io:rul. Th· l."<>ota Vb ch \:~rre eqttl.l to a ro cot·re ponded to the 

s ot tb tnol eute. In t.. s 

:fr . auch negative root will ~ .BJl 1~1nacy n~r'~ (Lo~, 

-~ ~ lA l/2 1-r:i). 
A ntial function. set up in t.bio . ncr describes the 

'POt"tton. ot a. po~ntio.t SU:I."fa~ outli.,_ed in ig_u:re VI, i .e.; the 

Ga.Mte point. 

r, 
Ftgur VI 

- 1..18 



Xz X3 
~ • cCu • .... • 

xl 'll\ rl m2 r2 m3 Model I! 

Figure VII 

where as befol"e the bending modes were otni tted . The tvo reroa.ining 

vibrational modes corr espond to t he motions 1ll'U$trated in Figure VIII . 

vl ______ .,. 
;) 2 

Figur e VIII 

~l does not corr espond to a vibration which would lead to decom- . 

position of the UlOl ecul e . Frequ· nay -/2, however , does describe a. 

mode which would 1ead to rupture of a bond if this vi ration vera 

the critical one. The potential function muet, therefore , giv 

rise to a negative root which will determine the val ue of this 

imaginary frequency. 

The potential >-"Pression for ~~del I I is 

(24-A) 

or 
2 

k22 (x2 - x3 ) + 2kl2 (xl ... x2 Hx2 .. ~ ) 

(25-A) 

where k12 is an interaction constant, To determine t he conditions 

under which this will describe . n uns·abl.e mol ecule, it is neceesa.cy 

to perform a linear t ransformation of the coor di nates , such t hat 

a. *"' rl + r2 

b =;. r
2 

.. r
1 

- 119 ... 



o eoeri 

In te ot th 

to 

n 

etion 

c :rd. te5 1 tb pate ti 1 i' tion 

e v <o 
d b2 

~ • • ~l -{• ~2 > ... l~ 

"'tl. + ~2 < 1~ 

cule is to be 

oe 

(2 "Za .. 2 1 )2ab 

(26-A) 

t gtwn 

(27 .. A} 

(28-A) 

.cribo th 

clill"'V'at\U'$ ot the pot .ti!l.l energy ba:rrter.. large d:lf'fQrenee cor ... 

rl"i· r, while if tl diff~t'\.""tlee i 



sadtlle point iS 'b~r and flatter,. 

'.Phtt <letenatna.nta.l ~qtlati.on for the potential t1n&rgy ~

press:ton tor )bd.e'l n 1a 

~1. ·~ ~ 
~2 .. kl.l 

... ~2 

kl?. "" l 1.1 ... ~2 

kll + ~z ... m,.z ... _A m.e kl.2 "' ka2 = o (ZS/ .. A) 

~ -~ ~z •A m3 

After·~ extt"~t:t,on of~~~ z~N f"'Ot and s1m.plif7ing tr~ ... 

fo~tt~, e~ti<tn (~e...A) b~~a 

~ ntr~ .. ~ ~~ 

0(' 1 ... (CI( l + o< 2) 
-.Ami! 

~ 2 A lit 0 (:~0-A) 

•ku o<.. 2 kzz A m,3 

.. 121 "" 



to broki n 

tion i>tata only tta.tl.y broki n d rtie..lly fo~ and, 

ul.phur a.nd sul;phu:r ogen bonds li d · le I l"4ll ul.tt. 'li d 

lt . ., 111!POl"'tant to dotermimt vhat f~et the value of kt2 

in ':t'Gbl.e IX. 

val o:t thlti! r :iii.o of t 

<.\o t thNe diff . nt tue 

·abl. II 

o.,t x to5 

o.at ~ 105 

0.1.1 • lo' 

lcula.tio 

LOSS 

l.o4l. 

L04l 

list 

te , 

ts 'len to 

l ,.,. a.e it 1. ... not toO lar e . For s ll vn.lu of kta wh1eh 

the tx:~~t re onabl; 1 t t"at1.o ~ara to r e.eh a l" mtting value. 

attempt to ign n.n x· et 

... 122 .. 



A value of O.ll d11' 

· n the e ee.loule.t1ons . • e dif:f'e nt l $ of ~a luu'i 'but e. 

ema.lt efteot on the va.t of the other freqn.eney. 

the nortna.l 

st-itution. of tr.u totn are t bul ted lov. 

..... J' C I;} -

2229 0 J' 
1 

~' 
:2 

1 , the fo , 1 .041; t m of t e 

mtio o.f the IJ:Ihi i. to oo e d with 

lcu.l.at d. from t stm:ple f'l!• 

hfpothetical ul s c12 - a32 d teed · ~ rel.atto · hip for t 

,.13 ~s2 
~ • o • ar~ rs . not , th· 

couspa.rison s ~ l.y 

1Ated. w.luc o 

th calcul.o.ti 

tion of C l.3 ~ 

ould ba~ 

eou-r , 

mt be ta.ken into oeount in 

ina.rt t q~n.c:ies for 1 . w ic . Ubst tu• 

d the oxygen t in the ealeulat1¢n 

lieated the cat:eu.l.a.tio to a ve-ey le.tgE\ ® -~ and 

nner 

tiona . It ; of 

tion, but it 1 a good 

... 23 ... 



Isotopic ubstitution in MOdel II of the tom oorreapandtns 

to the th1o..otn~r ~ul.phur atom leo.de to t frequencies listed be'low. 

s32 834 ~ J' 
J I 

<a2a9 2228 1 1 

v I 

2 21.5 1 213 1 2 

'l:b.e efteetiw fl'l4;$ cal.cul.nted from the two 11'.1'18.ginary froqueno1~s is 

1.009. :rhe "fl'&lu · cal.oul.ated. f!'Om the -reduced ~$ -rel.u.tionshi-p for 

the bypct~t:tcal diatomic moteeule$ c12 • s32 and c12 - s34 is l.ooS. 

The carbon ulphut< bond is not broken in the rate deter ... 

tllinins atep of blsehllni~Ul II . lt is not possible tlwn to use Model 

II es it 

this e e is ~ep1~~~nted 7 the resultant mot.tons pictured in 

Ftg'ql'e Xl . 

I 
I 

... ......... & 

: I 

0~" /;> 
~cr 

I 
sen 

3 

P'tgur XI 

'l'l:u:l.t is, the imaginary f'requeney is the one whtch l.eads to a. s 'P"' 

ar tion of too .xanthic acid from the rest of the mcleeule . To 



U1 

COOl \c~ut.er. Qne thi-ne, WWl'1 is eertaint the f 

&n1ft of' tlrtn tlJOde aua t iff~ Ol}ie u.bstitutton ot ~it.b r the ~nthic 

bonato ()!"'the thon al bw: tam .. ll very a l.l .. 

® bo i"' t 1."U t;u.~, 

i~ th 'f. .;.. rt:'tl: ng tep o·ld ve l.o.r~ 

li.tude 1: t .. l dil."'!fction of th 

su otitu; · · ~ tj.u.G d e re.tios to he ¢n.Q'• 1t powr 

of 1. 0()4 foJ.> o LR jc 1.3 et.nd t .. 003 tor c g I 34 •. 

. tt 1 a.b u.t, cff cti · 

b of t ov r of a f 

p> "n • of o · r t.eon., 1bde 1 Il 

·tQ • lculate t • .. ratio ~ f'or the oxed 

· 18 ea cu.lat'l n d · 

-to f.QO"tap t~ oo t1tutiou of s34• 'a "Wt. :u.e used . 1..003 fo~ th 

c /a13 and s32 /: . 



tr 1tion ~tate for the xanthat d b.e thton e lphur 

:tom. It will be· r ca.ll.Cd tror.n t ection on isot<>pQ f'fects that, 

lin most ot the ea.letllati.ona, t o ins o'b.a.ngea were oons1<klred 

e tete in th cti ad com.pl x and th& 

in this case. to o1 ~ et I therefore, 

ea.leul.a · ·lues for the no 1 vibrations of t light 

1aotop1eally tiitut d & · c1es litedo · ~ 

cl 01.3 .o.J' g32 34 AJI s 
VI 

1745 l:lo6 39 
~L 1745 1749 0 t l 

J)' 61 16 yJ' 618 612 6 
2 2 

The Iso~ Effeet f'or the Xanthate C rbon Atom of ~chanis l 

Tb u;a of equation (19 A) r rela:tf!d to the treq,uenc:L s 

M before:. l t h prt d ~ x-ef r to th lighter of tb tw iso• 

t .... s . Tabu ted val of G(u1) function of u1 ar to ~ . 

found in Bi(>-elei •e and ~r ' pa; r (33) on the eal.cul$t1on of 

'l?he u1 lu for the no 1 vib :t1ons of t initinl state 

.. 12 -



there:ro .. 

0 

4.45 • 
ut d UB • e. 

u1 ;: .,34 u2 2.4.1 

A 0.11 A = 0.07 

Th value of th f ction G{ ) "' fo frotn the ta.bl s l!' ferr d 

G(~) = o .• t84 

a~tion to t initial eta.t s 

L: 
:l 

t l II. 

21.5 1 

The tre.:uaition tion ust inelude tel"'!ll for b bo , 

bon d oxygen a • is te 

· not given by eit t' o'f the in this 1cul.ar but 

1t$ f"t'equeney Vill be wry close to that of the tretchitta ft-e .. 

queney ot a 0= 0 double bona.. 'Chis 'I l.ue was Qt:tl)loyed in tM 

catculatto • 
9 

'1. = 7 . 1.12 

~ c . • 9:i3 

A'\ • 0 .1.!)9 

end G(u) • 0.357 

- 127 ... 



'!'he transit!on. stat s tion o 

L: 
i 

bon :tom is 

1 .027 

Isotope Eft at ""or thq Th1o~tb.er SulphUI' At of eba.nia ! 

for th 1nitial st tel 

e • 
u l - 2.469 u a • u 

2 

u l. ~ 1;.46 
~ -

A U 0 

A u
1 0 .023 

G(u
1

) *" 0.1.86 

Da to~ t tran 1tton 

215 1 Cl 213 :l 
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