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Chaptel" l 

~ L~ Naetion is :perhaps beet defined as a. P1'0CCHJI 

for too reductlve ~t1on of t).].d~ or k.ct01Um by tormamid.e. 

~um :f'o~te,_ or forn!.e acid tl'ith formamt.de. ~e reaction is 

ean--ied out ~ beatSllg a~• of -the ~1 -~ and. the 

amt.do or its dor1va.t1vo. l:"ri:lrm7 end seconda17 t".mlnea 1>.J!'C'Xlllcet\ In 

the :reaction are obttwletl ns th«J t'ofll11 dori.vatlve•t tm.-tias7 -.nes 

nro o~ .as the f'ormntea. i'he Naction ctm bo illustrated 1J1' 

the following gene:1'81 equat1onst 

mt•ro + so~ - mt•cmmmo + Sil + m3 + co2 

nn• ommono + ¥ - im•cm-ntz + ncoatt 

fhe 1"8a.Ction was discovered b1 Lwokart.1 wo in 1005 report­

ed the Nsul te of an nttoq,t to prepeft beneylidene41f ()~de by 

boa.tit\~ benznld.qde with formatdde.. tnsteod of the eJ'l)Octed pl'O<luct. 

ho o'btcl.nod 'benzylemne. t'ltbon.ey'lamine, and tribenqlonlne. ae won 

e.o the fol'Ji\Vl derivatives of tho first two. Ati:lonlurt £ormate wae totmd. 

to NaCt 1n the ne.M ffll'3' e.a tl10 e!nlde; At¥!. beruiophtmone cotdd be uae4 

1n place of tho el.~~o • a.l though the eondi t5.ons for the re~tl.o!l wue 

so~ more drtl.sttc. 

l 
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tn tho uoo:n following, ~2-6 wo~k.d mainly ,rt th arc-. 

ri:e.tlc t">l4el\Vdea ima lmtonest Walladh7•13 and U,ner applied the . re­

action to nlipbatlc ~002\Vl o~n.14 

The r.ethod received Uttle f\urther attention until 1936, when 

1~1115 a118. hie noeoclates nw1ewa4 the m1'b3ect r..nd epplle4 the 

retu"Jtion to the cyntheBb of w.'brJt1tute4 a.-pha~eth1'1 amt.ne1. A'bcfttt 

· titty, po.pen mid ono ~ haYe been J:,ublishe4 on tho subject 

oince 1935. 

In sptte of thle ~t1tJ of 1'10:tk• ~'lero is little r~mttnt . 

concomt.ng the ineclw.nism of the nact!on rut0ne the WOT~ ln th6 field. 

In £$.et, there has boon M publ.iohed ~theala tth!.ch OO?en t:10re then 

the first utep•. 

llal.1~3 propoaed that tho inl tiel stepa of t110 reaction are: 

$,I follomu 

lIOOOl~ 
... .. 

1>,nt CO + mr, ..,. tm.t C ( OR) 1m.a 

Fornic acid. tlwn reduces this product to •the a:m1no, "'hioh nu.'baeq,umt-

ly ros.cts with noro :tol"J!llo ac14 to etva tho final :rr.ro<blat, a su.'baU.tuted 

formamlde1 

Ym'tJm'ma + HOOOB - m.•cmmono + ¥ 

1Tovell1111a.ter shovd that tho reaction ,oou.14 be ue4 to ~ 

.re secondtu7 aminea 'b7 rencting ~tltttte4 toftld1Sdes With.._ .. 



' Crosslq ~ Moorel8 pu.'bliahed in 1$ll}/} a VS'J7 ome.llent 

~ in 'lid.ch ·t.lloy report~ v. COt:1.Parten of the effic1mie,- of the 

various :reactants ,4rtch ~ 'be used in .the L~ reaction. !!:hey 

re-,ported that fol'mam.de-. m:mn!:um forma.te, n ~ ot" :fom.:,.mide 

e.ntl formic acid• O!' a r,,ixtu.ro of fol"m!l,mide and ~nlUJit f orma:,e mq 

be used with a carbc».wl COt'!Pound. to cive the reaction ana. that tht 

ml:xturo o.f fotttam.do mtd fondc noid p~ the 'beilt Jield'I. 

In •th&b- ahort a.tseo.Bs1on of the t1ee..i.N:dsm tho,' repent the 

propoasl of Wallach, ,1h110' m.iggoat!.ng the followi:Qg a$ t:\ po1ttibllit7: 

n•o (OR) ~· - DtO::mt . + ~o 

~e rew.ltinc itlim i8 then reduce4 by fomlc acid .. 

At e.'bm1t the B~JnO time•' Doe'n'& and Courtof.s19 ~tea. tlmt 

the initbl atep in the roa,ot1on t~ the a!diti.on. of f'o~do to 

the car~ eroupl 

wile Davies tlnd 11ogers20 th.ought thnt 'both ot the proposed oochaniamsi 

rd.ght 'be opemtlvo. 

In 19!~. Shive am Shive21. NPOried timt at ,mom temJ,l@ratu:re 

:ro~d.e oods to ~c nc1d to give a-lt,drOJ!;" a.-£ol"mal'l1do proplon.­

lc ocs.a.. Upon d.~tion,a.-foroimld.o proptom.c ac1d Wt\8 obt!l!ned: 

-
CP'-:3C: ltcm> 

t 
coon 

Olt 
I 

~-o-eoon . I 
lmOliO 

-¥ 
t d L 1• 



'Xhoy t,cre ·a'blo to isolst<J both of those co~ in teJ.r yleld.e. 

'l'hl.tt reactton. tho~ stated, snow tha.t the e,i;,1d1t16n df f"o~cte: to 

tho ~ grmip is tho flNt atep in the ~ reaction. 

The next attem11t to clarif'7 the rn&elumlum ot the reaction 

t,o.s r~ by Al.~r em WU~. 22. !ht, o'bj~ ot their wrk ·-.. 

to lletomifls if. then 1<1eft ttondf.tiona .-.ioh that the :roaot1011 could 

ba cn:tfle4 out with at'i:tt,ntua tormilt$ 'hlit not l1i th foft'l3.'Dd.'18. 

They £otm,;1. tlmt when e,eotophen®G ln hee.ted with foma.mS.d.Ct 

1n dietbt].ene meol ~tion at 120-1,oo • m reaction occurred 

nvon aft1,r M long l\B flffetm limtrn• whlle a ~f11.4 ot 10 po~ cent 
ffi:l.G o'bt~ined wt th ~= £omate Md. acotophonoM l\fter fou.J- hmrs., 

J:n order to &.xpl.i"..!ri the :tact that :f'orrnamf.de ta a. sat18f'ccto17 

re0t::.,~t et higher tompel'at'\1:re11. thq propoaed tha.t the !ol 1',vl~ 

equU1bJ'!:am operates n:t tem,parn.turett e'b<rve 16!}', 

noo~ + o.d- : noo11: ,l- + ¥ 
V . 

nzo + n~~ :; ncoo- ·+ ~· 

. .ona. that the irr.:rnon!um formata ttnit p~ 5.o tho rated.al ,latch 

ontero tnto the t,ffl.l.Okart reaction. 
. . 

trhq al.ao found tlw.t th.fl E1d.cUti.on of ~ ·· Ct\1.C• ·wl• 

tate to a ri1xtu.re of :tormamldfl o.ru1 ocetopl1emm.o ~acting at 165-1?0° 

loweNd tl1& yield fJtOm :30 to 17 pot cent. · !h&y regard this tact D.1l 

•proof of the .equtlS.'b:ftum proposed. noovc • 

. On the baah of this ts10rlt, tl10:, &tate thet ~n!.ur.t fomate 

1s the Nqtt1ret\ reMttmt r..nd tl~t the mecllSl'd.sm propoaed ·'by Wallaeh. 

to correct. 
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Almost simulta.neoual.7 vith the proposal of AleD.m\er am. 

,:114r::an OtUl!$ tho work of ife'ben end Drt1c1h23 Tbcq fC'Alnii that when 

fo~de is used AS the rco.ctant, acd.d ca.W19ts !.nc-na.se the yield. 

tua:rke07. Xn direct contrast to the work d1sensae4 above• they pn­

J){)ee that tho requirod routant 1«t f'rJrliml1de and tlnt the funotton 

or the acid cat~J.70t 1a to lnc,..._e the fAlr.:r1tr of the earbon,1 

~. ~q ff'\l.&-:,>SJt tho follov!.ng au the firat step of tl10 ~ 

roaet101u 

+ 
PJt'FiCltO 

OR 

Dnrinc the followini:; yo~• Bennett end J-Je,r~ to11..nd tr.at 

.icld. catal.19ts increase the r1e1a. or tert:ta.r:, a.mines prep~ from 

su'bstituted :f'o~dos and 1:etoneu. 

Indicmt1ve of the eontus1on on this nu.ojeot in tll.8 fnet thn.t 

ln hia reoentl7 ;pub119hel book Alun~.5 repeat, thnt am::ion!.m fo,nm.te 

Sa the require! reactant end tlu\t tho correct moclumla is that ori­

g!nD.l:cy, prop_"laed 'by Wallach. lte does nryt mentl<>n ~ otlwr pi,ss1bU1t7,. 

Moon .16 la h!a recent review of the :rJffllCl:nrt reaction. diecutHlfHl both 

of the proposed mech..'lllimna lr11t does not reach a dof'inlte conclua!.on 

M to wt.eh is conect. 



·li. Cmr.PA1USOlt 01 !rl1J1 LEO'CKARJ: RF~HS 

Ant\~ of the litor~t.ure on tl1e :r~ reaction reveal.a 

e~ f acto~s t,Ad.ch ffll.Ot be considered in alt/' conpar1son of the 

ett1c1el:lCJ' of the varlou reagents which ffla1' be uacd. 

Olwioual.7, the temperature et vhioh a reaot1on 1• canted 

out aftectn the reaction tremonaou.sl7; it tn11.1t tlleNton be canful.17 

contl'Olled. 

Some work.era ha.fl 1'.moved vator flO!l the td.xtUl"e dt~ the 

00\1.rlo of tho reacts.on. vhlle othen e1th&r 11...,~ not dmle so or ba.ve 

1'10t :reponoo. tha ta.ct. It ueems clear that the ~ ot un.ter in,.. 

crensos th& 1fel4 ~ tJ#f ~-other than fol'!IDam.1.d.e 1& uea.. Zt 

!.e not aleo:t, however,, whet.Mr the pnaence of water ~ the 

3iel4 bect\use !.t eMUl«a the roaotlon. ~tun to 'be lwor or ·1>e­

cauue S.t is itseU im'clve! in the reaction. 

In. on effort to detel'mlne the l'Ole of th& water. the :runs m,,... 

cordea in ~able I were ~ied oa.t. flleae bta. ·ahov that water ls 

lnvolvett s.n the react!cm.. As mm and t'M>:M "tt:Lte# is Jtffl!lOVd, the 

tqero.tun dses; bnt ~eld.a ere decreased U an nt'!O'llnt of va.ter 

app:roachlng the theoretical ciwmttta- ls rGmOVeL 



t'KBLE l 

nm.a 

U.qn).4~ 'l'Sme ~~rnton 1'1•14 
(Ml.) (Hrs.) (oc.) <,~) 

m:nm 4 1:;5 lG 
36 4 V~l 42 
'55 4 151 : 72 It 15? 

A ~ison of the et:ticiena; of the va.rl.O'WJ ~ta ic 

shown SA 5:n'ble JI. rus ser1etJ of reaction& WG ~ea ·O'Gt wl~t 

th& ·~ ot ~ n.t 135° • the hl,ghest tmiperature e.t ntmospberlc 

pnssure at wf.cl1 ffllCh n ~son. coula. bti t'la4e. 

~.All'Lll II 

A 00!,:Pliltlsotr 01? M'~ NI. 13/> . 

~t 
·lbles p&r·MOlo ot Ac&topmmone 

~,m fc:n.,nato (2 taoles) and JG~«. (2 moles) •••• • • • a8 
J"o~de (a molea) e.na. FOllllh acS4 (2 iaoles) • • • • • • • • • .21 
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l3ofore filll' ooch .. 'lJdm can be pl'Oposed. foJ> tho roact1on, one 

othor ti<ffll'Ce of oonf\ud.on mat 'be removed. ~10 contentloa. flt "1•:rand­

er tMt tJ!D!DDbm fomate 1• tho NtD'dftd ree.otent cmnnot reall.117 be 

reconciled t11th the othor expeJ'lmentel. dnta wh1clt have bean r&pc,rt$4. 

~81"8foi-e. 1t was declde4 to a~t eom lov tmi;>em~ :rm,.a w1 th 

aee~e &ru1 :to~de. 

li. c~son t4 affe1!tal c:f the Lew.,~ ~ta at lV4 

~turu. 'Hi.th end vtthou.t aolvcnta, is &holtZ1 in Ta.bltt u:1. 

E'ote that ~thaugh the yie1de obWncf! With :formomld.e a.re low, tlleJ' 

~ Ill 

LOU !'1lf,W]~ LmClWiS? RFJ..Clj;IONS 

Reegont Solvet - ti! Ii r .. · - E-c .. 

· Acetopho?Jcne (1 mle) p1wn 

lo~«e (4 t:tolea) nom: 4 135 

llo~de (I► ttJOles) 13etmene 30 115 
Ingersoll& (4 snolett) ~-- 25 ·u; 

,. 

Formaml&t (4mlet,} -,A Fom.e acid {1 llOle: lmtanal ~ 130 

llormamS.de (4mo1ee) lhtvtf~ ,. 131 

h~ite (4 :t!!)lOtJ) and 70=.o ~(4 mole) Ju.i\\f.._foJlflatl • 133 

Fo~d.e (4 nolea) »ti~----· .4. 155 

~ .. 
4 

21 

2$ 

50 

? . . 

13 

8 

S.X~oU•• ~• Water iJJ dlatS.lle4 tJ'd!l a •~··a£ 210 Ill. of 
fonnlc a.cd.d mid 215 g; ot colll!!Orcinl ~- ~bonate 'tmtl.1 tl1& pot 
~omtu,,o nach.ea ltS,S°. Tl1e resultlnc mxtu.ro 1a uect os the J>e-. 
agent. 
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tro renson can be nd.va:ncod 1"' tl1e o:u.thor tor the fallva of 

Al~ to obtein c Jield. vben uslng :f.'ormeaide at low tclpt,rah.rea. 

ltovevcr., !t shouJ.d 'bo noted that while hG ca:rrte4 ottt the reaction 

1n dietl\Vlone gl.Jcol at 130°. the pre&ent work vat o,nceme4 with 

th9 renction in ~rlws «rolwnts at the1,:o 'boll!.n6 ;polnt.1. Yu:rthel'moN • 

when. an alcohol vss the 11olwnt, a portion of tho :f'o~c.o was re,.. 

mvea. f,mm thG reacts.cm due to \1-d) ±"oftlatlon of n :f'M'JJ'ate eater of 

the alcohol. i\urther 1nvestt.ga.t1on fNJ:8 show llhe~ thin fact 111 

a5.gniftoant. 



~tel' :ttl'. 

A o~'ll. •tw.\V ot the litom~ and oi' tho wrk md.ch baa 

.fttst boon outlined Jields e number of facts ~ the naottou. 

!hey can 'be bo$t ~Bell ns f ollowt 

l. tnien 1mter ls. ~ea.. n m..,.ctui-e. ot fort~• ond tom.c 

ncid gives the 'but 7!,.elde 

a. ~- f'omate giva bat~r ,-iol41 tmm t~ae. nt~ 

S.t does not ,;iv. ,telds a9' high M foftd.o a.eta. d to~a.. 

coa'Mned. 

3. A ?11:t\t\N of f.o~d.o and ~tt!:l i'omate i1J e.tt good. as, 
1m.t no bet\gr tht:m.; ~- fo~te altme. 

4. At 1ov tel:%.P(JM~ t-dlm •.m.kr ia not remov«\ a ~e o'f 

~-1'onnat. a.nu. to~de seems to be 'be',t. 

5., Vith rJciil' :reogent otlier th8ll :to~da. ,S.ol&t .an h,provea 

l1ben water is r81lWO"e4 f'%'Om the reaction i:d.sture. 

u. The yield is lowond when .o. d~tb:ig og,.mt !ii tUIM al~ 

w1th £o~ae. 

? • Seco~ ~lid tel"tialT nmlnes mrq 'be PNPare! b1' 'USO of 

mibnt1tutea. to~a.. 

8. Acid cat~,ate f.ncr&Me the. 7ield when formamioo is used os 

tlu.,,re~t. 

g. A reducb,g eaent ts ~re&. 

10 
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lt \1111 'b9 ~bnerve4 tbe.t 1n aver; case toffld!!d&. 1.B 1n1tiell;r 

p~sent or ce.n eas,tly be foll\9l bJ d~t1rm ot ~ fOJ"mat«t, 

that water mat be ~w concemea. tn th&. Naettm, an4 ths.t. 

a ~ine; ~t S.n n~. l?n:rtbal'JaON, the fnm.tl.lat* l'GIO~ 

- + -:ross ot tru, btone [mt•CO • mt• c- O ] mst oleo be comld~ 
~ 

£or thou- effect upon tml' Poet1lble mchatl!-. 



On the 'brul!s of the prGCeding ~..r.?' • it is ponalblo to 

propose n geru.,~ moebnnism tor the teuclQJ.rt J'eaCtlon which acemmts 

:to,:, all the tacts. Tlie tollold.Dll: 2\100,....-llln iu. J;,NpOtedt 

OR 

• nn,tcmcm, 

At the t~mture of tho reaetS.oa tuf ·~ ~er) wa.ter 

eplitl out& 

OR 
I 

Fll• CIIOll) 

n 
I 

- na•o=n- c::: o + y 

~ prodtlOt of step 2., oo.~ a ce~tod $tea of wo 

4eub1e 'bot\!!Jl. ebMlld '.have the :tollovlng roao~ fomst 
n B 
t + I ... - -m•c= tt- c= o .. mt•c- n- c- o 

(1) 

!ho w~tcr obtained in tttep 2 the brlrol.7ds soma fomamlde 

to ~ve a small concenth.tlon of ammonium foft.'Bte '1hicb dtm Nl'ft 

M the reduclne aaent wich tm rfmetion requtna. !ho 121tmt'mctlon 

of a ~ti1'1g agent vou.ld ~nee the a,:xmm.t of ~mum formate 

vhlch could be :tome!; thol"efore. the :;1.eld of tho ftdttced procht:et 

VOllld be 4!m1m.tJhe4. 



1, 
tt will 'be i-eoollod that .Alex.?.nder and Vl.1~22 !'ep&7tt,4 

that the rultl1ti(!)tt ·tff·.~ cal.ohms mllfata toe. ~on mi~Wl"tl 

containin(; :f'o~a. .tmct c0ee~ 4tto~ed: tho yiel4 :tiom ,O·. to 

17 per eet: • . 

lt1 a soluts.(m contnlnl~ :to~ [~eh he,n a vtJJT .htgh 

dac1eotnc eonntant) ~~• :tomato lt1 J>:ro~14:, h~J'_io~~• .. 

!he· most -~na'bie ~1~111m tor tho reductlon.,,, the•· f'o:matt, lo-1 

ffi;nst.11-t:u of' the a&Uttbn o:r the formate . h21 tti tli.e poal~!t centatit 

of the foffdmdo ~d, 1'0:llwed bf a -~ ion sb!ft vitb. the 

w.l>#~t·:.,Aea,• of, cai-bon dio%1.ael 

a -n 
,+ ,, . • 

mtte .. ;.;>n= c~ o· + -o- en= o ... 
• a 
. I 

lUl* O .. lt:=O~ fr!" ·• 
I 
0 
t 

BO 

~e final step ls eecollV:lllshed ffllm'l tho amtoonltm .:l~n et•ee· 

'12:l a pzioton •to the inte.~at& mitJb va.. tonial ta _--, -4• 

a a ' ' . + . . . •.• .. • . .. 
tm.•nc-ir=c--o-] + ·rm,,. .. att•Ho-uc c- cm + m, . t 

- mt• J:IC mnmo (Sl 
. In this ,case,; e-t1U>• ti- d S liml t the reacts.en. since the mn.-

· cent•tlon ot the .~~, S.• "t"~ oma.u. 



Ytel41 are 1~ed fflWn :f'ol"fflic o.c!d. ts ati4od to a reeoticm. 

~ contalni~ the 1::otone t:.nd. fo~u. We can 'be eaally 

~tea. 'for on the baeia or tho propoaed i1~1am. 

Steps 1, 2. ~ 3 arc cnsentbl.ly t~, eJ.thouah tofldc 

acs.4 ;probo.bl.7 ~" the onol fom ot tho ketone. Ii~ i'ofld.c 

acid 1s present, the concentrc.tlon of tho eftecttve ~· agent. 

ls t!!Wlh ~or t1tnn in Caae t. !h&l'efore, steps li, culd. 5 p:roce4o 

~ ~1411' ond tho ~ield !• tbmolw' ~ • 

.Ar:l.rnoniun fo~te gtvea 'hotter :,ielde tb.eJl. :f'onamtu. ™• 
ls $ll;Pltdned ss follo-na 

Upon hec,til)g, ammonium forma.t• ia euili, ~•tlKl to to~ 

mide. '!he to~® thus p2'0duoed cllda to th& l:ntone, nnd. tho re-,. 

ootton proceeds lttst ns in Cane 1. Ample ~um to:rmate 1e pr&1m1t 

to se:rw as. a. re&teb,g agent, 

Utlter mu.st ~. ~ 1n order to 1nstU"O gocd. yielk i1hen 

rfJlY ~t other tlmn to~ ii tUl«I.. ~ a»e 01:rvi.oual7 two 

~ fff tbf.11, First ot till, tho ~al ot vo.tor' faoU1tatetl 

th& t,~n of i"o~i-de £1'0m the ~- f~w ·• well aa ·'11$ 

f'omat102& of the ll1tome41nt& of atep 2:, ~fll>M, the ~ 

of fl. large qum:itltv of vat&r l=eepa the ~eratuN ~ 

low. lklt-e, howev&r, that nceoJldbg to thG date. of !n'ble t, tt S.• 
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'Q1't!dso to remove too meh water. Whon thiu in done, wnttk~1tW31' 

an the ~niun formate half 'been convert«t ·to f onamide at tllt!J 

~e of the reduol.ng '180nt; and yioldtt aYC· deen~. 

lihen water is ~ed.. mbed .fontnm!ae nnit ~ni'Ulll fo11llate 

1s att. .goal as~= £.onw.te alone but no 'better. R~. wlien ·JU> 

wtor is removed_. the t-'~ 1& better t!lNl .mmnoniut1 i'ctt:w.te alone. 

!me st'J:le· (!..'GMral moehaniem fits thff belmviol" o:i" tho l'"Oaeticn 

l'llhture vl10n both :t'o~e and. ammonium fona.te are present. Semo 

vatc~ •H removed tn. ol'der to foHG •"1.P 2 f~. alr:loe this water 

ts not uoed up in the :fol'Dattoa 0£ a reducing agent. In tll1a cau 

01:il.7 a mall at"IO\U1t of water eho'tl14 'be N4lJGVe4. t:Meh loaa then whim. 

aJ!!tilOnitrm :f'oma.te el.om 11 pnsent. 

tf'Jum no wte:r ia ~. es was the case vlth the data 

of !r:able 11. tlie tdxtun 1a bettor thm1 c&..mmc>n11l%:l fo~te tllon.o •. 

~. the concentration of f'a~e 1s rm.oh h1d)l~. 

i'h11 e;~hl ttechtmiam. thereton., seem1 tQ flt ::>.11 the ~aot• 

concer.rdnt; all the 1X>sslblc reactmts used in the :r~ct:an ~ion. 



Chapter Y 

rBI PaG01 07 !Bl PllOPOSID MIOBUISX 

!a oJ'Aff \o Slrfeatlgate a mNham.• 11 l• nee.a_.,. to det..s.n. 
the odes- ot tu ,-.otl•• _which NP!'eNnl• the~ ot cou~ntloa 

faoton ~ 12' the eptloo for the rate. !he o1"1cma method ot 
aoo<ll>lllhhta thl• 1• to Ya'q the ccmcenln'lltoae of the poaelblct n-

&1.!'eal• encl ·• d~l&l'lldlle the effMI of thfftt ,.,,,.._.,. lategattd 

...-,1.oas bueA upoit varlou orden .aire appUilA lo lh;t -Aata at11 cu 

te fcmatt to ts,. 
!t ltbOQld. not be ueenu., to dffotct apace heN to the a.eit­

--rallcm. ot the•~ ate fJt•ttou. A 11st of the !ntegstata4 :tome 

together, with the elmple melhob .for a.tei,a1atng tf ~ 4ata t!.t •houlA 

be wt:t!clent. 

11a1 idt.z* A ...,. b.dllll 

·•log o • ln/2.,0, ♦ C 

when A ia the ooacentrat1oa at au, th1$• ii and .L a coutan\ of 

'tnt~ttor.t.. A atra!ght line ts o"btainea. when log a la plotted aga.lnat 

ll!tal PdK• A + I. ➔ P£21Udl 

e! • C: 
where a• ts the 1attla1 concenti-a.tton., A f.s the concentratloa at a:q­

tlme. 11 and. .2, another coutant of ~. A atn.Sgb;\ llu le 

obtatae& 'Wluit.tt l/ £ ls plotted acatan time. 

16 
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1 lb .. ~(a-x) · : kt 
a•b · a(b.x) 

vliero A rind. l tLr$ inl tlal concentrations,. om .3.1s the amount .re-· 
'b(a.%) 

acted in t1mo. 1• A stfll.iaht lino in obtalnol ,men log tt{'b-~) ··· .. 

'-• plott«L aged.nut t~ . 

lintoi"tuttatclr. the Leuclm.rt rGabtlon. ac 1 t is no$ll1y 

~Gd out, doff not lend itaelf to ldnetio lnvont1cntton1. °'1e1 

of tho banic oond.1Uom, of tho ldnotlc theoJ7 of solut1ono 18 that 

tho med!um 1n which tho 2'et'.ot1on oc~• ntst be ·~ constant. 

Slnbe .!n most Maer.- the Leualmrt ~on..111 cm.ff1"4 O'ltt tdtJurttt a 

nolvcmt., the conctm\MtioM an ver:, h1gb t.md. the rnetU:wn ~• 

·co1mtantl.7 e~s the reaction p~e4e. 

Fu.rt·· .• •· · · · . · ··• when the rooctant• present are· oli17 a. ket011$ aZl4 

:fo~A• o:r e.mt101d:um fo~te, no t"Olia'ble method fo11 a.t~ 

conee:rtt1mtions le :a1iall.e'ble. 11ho anl.7 om :porJnlbl& ln thiCJ ~e • .. tho 

CE)~t of car.hon atoxl<le ovolved. tu ~table beeaua-G 1:)tlrt of 

.·· the carbon d.io:Jd.le to traro>(!d ln tho conclmoer- 1n the f om t4 Sl'lnODJ,s ~-. 
tlms. it eeema that onl~ tho . ~tton 'bctwu f"o~•• 

1orm1c ac1a • . end a~ can be a&lptc4 to a k:lnetlo otuat. atnc. 

In thiq ·case no ~a &'\U 'ba ovolTed. , 

. ln. o•r. to detomf.ne th~ .·ora.r· ,at the fbot. •t• of the .·re­

actton, 5.t ta necesmu-y to o.vol<l the possibility of tho reductloa. 

•·•top beine the rat&,.determlnlng ono. !rhit nq bo riont cas117·accoa­

p1lthe4 bl' the etr,pl~nt of fomic aola. 111 the 101wnt. 11nder theto 
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com1tton1 the acid concentmt1oti 1s mcb. groat&r tlmn that of the 

other roactanta: tho Nduot1on step abtmld OCOUl" z,ncb more l'aP!a.lJ' 

tl\att. tho initial atep. 

Sneral prollmtnsey runs vom ccrr.led cut in order to de­

te~ the mut pl"aOtical e<,ndit1ous for klttotlc me~ente. It 

vae found tho. t ~:rat1veJ.F low tempera.tuns and ltigh eoncGntro.tiona 

·arG required. tihon ,tater is not removetl,. tM rotl.'tUt t~era.tu.re 

of the :reaet1on ~ decnaaea as th& ronetion proc:eea.11. It is 

therefore necosne.r-J to ca1'l7 out tho l"eaction at a t~'lerature 'below 

tho reflux tempomtw.-e of the t:1ixture at th& cottJplatlon of the n­

notian. Xt ,.,u,· d6cicl.e4 to <>i:>~e at :l ~tore of nbout 12/'. 

At tbs.a ~mtu.re colut1ou in lihich 'both fomamlde and 

e.c&tophenono wore 2 f!lOler rewltocl in reaction rates which were 1!Il1Ch 

too slow to 'bo J:>rn.ct1ccl.. Even with eoncentrat10ftf) of 3 inola.r, tho 

reMtlen would be one-half' crmplete onl7 after about 330 ~. 

~ rate constant• w.tc.r1 lla'V'e been obtable4 a.l'G ~ m 

!i:4'.blc lV. 4ltie data collected during th9 vnr1ous rans ore licted t.a 

Tables V thr~1 IX; the 4etomtnat101111 ot ,reactlcra order .en.• Bhcwa 

1n J'lg\u-c~ 1 and 2. 

~.tlMt. of li"igu.rea 1 t:Di 2 meals t~.t tho ro®t1on 

,mier theiJG eoml1t1ons ie most certalnl.7 aecom -omer. Veq excellcm.t 

s~t. 11ne• were obtained when the ~pe:r !d.entltte& for a. eeoona. 

ol'dff reaction were plottcd. 

~he kt.a imidb. me cozqptletl 1n. !:e.'ble IV. hoWOV()1',. ehov thti.t 

the vaJ.Ud .for the mte constant do not .chec!t ver;, wll.. note that 
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Figuro 1 

KllmTIOS OF TEE LEUOKART lmAO~IOlT 

Solvent - 9~ Formic Acid 

A, · l3 - 4 !! Acatophenone and Formamide 

0 - 3 !! Aoetophenone and. Form.amide 

I . . 

,_J. --»·•"~-••-•-.. J,«~•-------••••'"~•••~-t · '•h--•F- . ,,-,c•, .l .. _ •• •••••~••'"•••__J 

40 60 80 100 
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Figure 2 

KDm'l!ICS OF TlD!l unJCKART lllilACTIOI 

Solvent - 9o% Formic Aoid 

A -• 2 Ji :A,cetophenone, 4 I Forma.mid.o 

l3 - 4 ·u Aceto:phenone. 2 I 1orma.mide 

lO 20 

fime (hours) 

40 
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the vn:tue 1n tairlJ> eonstan.t when tho total conoentr~tion of ~tonts 
. . 

trd.tisl Concent~et1on 1n Moles per Liter &'be Co».9tiant 

Ee~ne mtte (Moles pe:r U.tci~) 

4 4 2.4 X 10-' 

4 4 2.2 X 10-3 

2 tr, 1.5 s 10-3 

4 2 1.:, X 10-3 

3 3 1.1 :it 10-S 

It mst 'b& eonclude4, the:refore • that tho ooncontrnt:tom used 

1tt theae detem1Mt1tm!t uo too high; the :roquirenent that the N­

a.ct1on ~- be 'Ul'lC~ ~ tho cour.n o,r a detem!na.tton lid 

not 'been mat. 

It will bo rocall!Jd tlw.t 5.t •• 1)2'DpOSe4 that the firtt atep 

tn tl1e L~ reaction cons!ets of tho adcU.\ton r4 tormamtde to 

the Jootone. inion this in 1.1M, mte tletomi~ step, as 1 t &bmJld 'be 

under tlte oo?Jd!.tlona outltne4 c..'bavo. tho :reMt1on ehoulcl inaeea be 

eecond order. 

!1\$ fact tlkttt thn k1Mttc 1!tttey, di9CttStse4 abov'e shows tli!.a to 

'be tl"U.9 aonstitttte• excellent ~port for this otep ,of _tho propoc«L 

mechaniam. 



iA1L1 V 

Wlffle Carbon Dioxldo »v'olve4 Ooncen.tratioa 1. 
(nn.) (t.blea / lt. ter) 0-bles /liter) C 

ltetone Md Am!.4-
. 

0 ...... :,.854 o.~ 
1.00 o.044 J.810 .2625 

2.00 o.;08? 3.766 .. 2654 

4.00 0.154 3.700 .2703 

ll.oo 0.224 ,.,;;o -a?55 

9.00 0~'21 ,.5:33 .283() 

12.00 o.418 :,.4:36 .3)10 
' 

22.00. . 0.61.S · 3.179 ~''145 

3f&,.oo o.~ '' 2.914 .:)4,i 

;36.00 0.9~ 2,861 -~5 

li,7.00 2..182 2.672. /J'llfZ 

51.00 1.265 2.589 .:m&o 
-

f'.eo 1.34.S 2.509 .S9SS 
61.00 1.41h - . Z.l~,O .4115 
72.00 1.567 . 2.287 .. 437:t 
so.oo 1.672 Z.182 .4583 
84.oo 1.730 2.124 .470? 
96.00 1.860 1.994 .5015 
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UBLlll VI 

~tos OF 7.tm L~ lW.OTIOlT 

4 11 Acetoplmom, Ir U F~ in 9°'1 Formic Acid •. ~~tmie:: 125° 

ws.m. Oa.rbon Dioxide Ev'olva& Concentl'ati<m. · 1 
(Hn.) (Moloo / 11 ter) (Moiea/llter) n-Xatom ·ans!. Am.149 

0 ' ...... 3,,990' o.2506 

1.00 o.o~ 3.965 .2421 

2.00 .a& 3.928 .2543 

13.00 ,li,10 3,580 .2793 

21.00 .~ 3.368 .2900 

26.00 .71~ 3.,2/l2 .,os.s 
:;1.00 .973 3.017 .3315 

!.mt,Jl VIt 

XIl1FJlll(jS OF !Imi rm~ m:AOTitm 

2 !l Aeetoplienono, l; ! lromn:.d.de in ~ Formic Ac1d, !omperatu.Nt: 125° 

Time Oo:rbon Dio:dde lim>lvod Concentmt1on l'.ocb(a-~ 
(Bra.) ' (!blu / lit~) (Moles/liter) ah,-i Xetone . Am.cl$ .. 

0 ...... 1.914 3,914 0.00000 

1.00 0.012 1.902 3.902 .OOJ.I}() 

.s.z, .055 1.859 ,.a59 .00651 
14.00 .llt,t; l,?68 3.7(,S .017')5 

179:00 .182 1.7.32 :3.7.32 .02271 
22.00 .23() , 1 .. 684 ,.684 .02929 
u.15 .273 . 1.641 ,.0~1 .03543 
35.00 .,i,s 1.566 ·3.5G4 .01~?1 



fiM Cai-bon Dioxide Evolved. 
tloncentrntlon LOB• b{a-x) (J.bles/lit&r) 

(Rn.) (Molet / liter) a(b-.x) 
Ketone ~· 

0 ••••• 3.983 1.993 0.00000 

2.00 0.021 :;.962 1.,sa .00232 

4.00 .ot}O 3.943 1.943 .00447 

a .. oo .075 3.908 1.900 .oOMO 
12.00 • n4 ,.9$ 1.8$ . .01:no 
24.00 .219 ,.1~ 1.7'54 .0262' 

,o.oo .263 3.720 1~726 .0,212 
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Tb» Cer'bon l».oldde INolved Coneenti-atS.on 1 
(ltrs.) (lt>les / lite:r) (Koles/liter} .. ·-0 

Xetone and MJS.& 

.o ••••• 2.m 0.31.0 

2.00 0.013 2.980 .:3356 

4.00 .031 2.962 .3376 

7.00 .059 2.934 .31,KJ? 

10.00 .088 2.905 .3'-l,lt-2 

1'"·00 .127 . 2~8GS .,-r;aa 

22.75 .20G 2.787 .3588 

27.25 .'?J'r? 2.746 .:3G~l 

:;lt-.00 .299 2.69!t, .3710 

j8.?5 .335 2.658 .-3?61 

Obvlaw,~ .. tlw kinetic utwU.es ju~t outlined can be cf v~u• 

ffl'l.17 for tho cla:rlf1eat1on. of the £int ate.p of tJla ~on. ~ 

does not ~ to 'be a practict\l matbod tor !mest!.gittlne .tlw ~ 

!ng steps from the standpolnt of ld.netlc atudieo •. 

It no1-1 becomo nscenst:U"Y' to adv::-.no6 sone !ll"OOf of the :proe­

onoe of e.n 1.ntemedlnto of the type fu"tl(h::mmo. 
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Jn recen~ 3"ean. ultra-violet a.'baorptlon speetroecow Ila.I 

proved. valuatde fo7 tlm detemlnatloa ot co~• of !mown or un­

known etru.ctun. since too absorption of ultYG-vlolet llt;ht 1a a,..., 

terms.nod by the electronic structure of the mlOfflll&. 

!rhe t\bnorpt1on S:!)octl'Um or a trubatan.ce is the spoetnm obtained. 

wh&n the nbsorbeut, at- o. solution ot it 131 a. tn.tlte."ble tl'M$.erent sol­

vent• ia pl.aeed in the pa.th of tho li~1t :em1 tted by some BO\U'Ce. ~ 

spectrum is obtdnell by t»ans of me~t ot the ~on of 

11ght "Wlich is absoi-bed. ~lits its ac~11ahed in modem. instl'a.'lllCnta 

.,,,. tho i.uu, of a photoelectric cell tm.ich is C5Fable o:t co~.nq the 

1ntensit,' of a~ of light which~• pnsse4 thl'Ottlb tho pure nolvent 

w1 th that which has pasood thrOU/#l the solution under 5.iwestlgation. 

t.l'ho intenstv of nbsorptt.on ie rolti.ted to the thf.clmeas of 

tlie n.bsor'bhtg lqer ~ tho conecntrct1on of the a'baol91-,ticn by the 

fari...1118,r ~rt 1aw. which r,ta.tea th.'1t tho fft..ot1on of 1nc1d.enl 

lteht a'Mor"bod ia 1):r'OJ;>Ortl<mnl to th& n'W!'Iher of nbsorbont mloculea 

in ths llght pe.tb. 

Tl:1e:retore., log 10 / Is 0.1.343 ecd, t!l.ore 10 b tl10 ineit1.snt 

light and l is the tre.nml1tted l.Sght nt 'l1lq one va.ve le~-eth, Ii. la th.a 

concentl'tl.tton of tho solution. in moles per ll ter and !\ 1t the th~ 

nesa t~ t1hleb. the light is tr~n.Vllittea: !. i• the molar ♦xt111ct1on 

ooeffio1ont of the solute for tho Pf>sttatlar wave longth. 

'rho fJl1l"W :relatlJ)g wave-lelll!lh mil ~'bsoiptlon inte.nslt;v 11' 

~teriotic at a substance. Sinc,e the Va.l.\t.Os of the oxtinot1cn 

coof'£iclent aw; of t<m l..'lrg&, it ts eu,at~ to plot 1~ & lnilteB.4 

ot £ 1 taelt. 
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fJ:118 fumsnentnl intGrprotntlon of. uiua-vtolet c.baorptton 

WJ?ectn ot r4'1¥ but tho simploat of moloouloe t• e~i, co,:qplez. 

llo~Ol"', it ia ponn1ble to dei!nce the ~rr.i nature of' a molecule 

br moans of -11"5.cal. conelo.t1om between abaorgtlcm 9p&Ctra. Md 

ntructure. 

Oom.plo~ ea.ttu•-.itoi alipbstlc co~s absorb only 1n the 

fe.r ttlt:ra.-vlolet ~ion. of the cpectSMrJ. tdlllo eotlPODD1• contaJntng n 

s-lngle ttmiatn.rated g:l'0\1p snov h1~1ntona1ty- abso,tptlon !n the l?0-

200 'tlf" Na101'l. l{tlW'lenb and cn.r~l ~- aleo MOW lou-mtenslty 

'bn.nil.s in t..ha nai{~:1\orktod at · Z'/0 mr• 
rlhen two or r.ore e11romophorea are pNuient ln. tho &1.me aolo­

cula. thoill' almo:rption ie mm.ally dlditifl as long a~ thq an c~ 

atolt 'by two or nore nin,gle bond.1. 

Two elll'OtlOpho~ in ~tion, llO'Wf!!V'cr, chm! a nev tn,e of 

o.bsorptlon. !.t'lte absorption mmr:um due to ono of tho Gl"Oupl is ~t­

li" intouliied and shlt'ted toward tho visible region of the speetru:mt 

tonel.4~ e:ll:hib1 ttt Pa:lms 1J.t 23:f s fl 1"..nd 321 n f• ,-hlle o~lene 

e.nd acotnl.d~ both exhibit n e~• e.~.xtmm nt 185-190 •fR• 
~isrefo~, · 1 t should not be dttfical t to ehov ·the :proaenoe 

ct a cottpetmd conta1ning n ~te ~tm in the prenenee. ♦1 otbei­

eom.tJffll!'Jiti 't,Ji\1ch eontf>.,h\ o»lJ' om double bGnd. 

note that :in the ca20 0£ a td.J:t!)le al.lph';;.t1c lrotcm, of :f'ormlc 

ncid, vm o'f the aulmt1tu.te4 f~e. the fitml. prciuct of the re-· 

action,, onl.7 one doU'ble bond ie 1,ret:umt. ~• riror;ooed 1ntctrme41ate. 
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reason. the n'bsor,ptlon curve of tho reaction f1ixtu.:re nfter :reaction 

l1a.s o~ ulmuld be rt:~rkadly ~ fron tlmt of n r,11:ture- of the 

Prel!td.nt117 actlwm1n.<1ticm.s of the absoJ'l)tlon et\ffe of the 

ronot1on r11xture of t;;OOtophenone and. f omamlde indicated that th& use 

of this tibhu-e i1tJ f.nadv1enble. .Acetophonone ha.a such intense 

absorption ~ tlm,t tho a.bloJ-.ptlon m:Jdma ot a compound. in low 

concentration ,10'\lld 'be complete~ ob~, U" they should be close 

to those ot ccotopllemne. 

ln order to aw!.d web. 1ntort'erence • tdlich ie due , to the 

N1l0l\!!l'lce of the benzene :r!.ng, it t>1~J1 decl.de4 to 'UDO t'letb;,1 ittib11tJ'l 

ketone insteclt of neeto1menom 'When tllO ult~olet a'bsorptf.on 

fflll"'VO& ·w·ero to 1,e determined. 

The nl>aorptlon cru.J'VGS of fot'l;u,.mid.e, mtlql isobutJ'l ketone, 

E'1lld ?..-meth1'1-4-f'omamidopentane, tho fi.Ml Jn"oduct of the· reaction, 

aft 8how. in Ft.gun 3. Note that the two E'J:'lidett do not shot1 an nb. 

S0%1.!,>tlon ~· n'bov& 220 mr, \llhile methtl, 1~lm\tl t::ott>ne ha.8 a 

l'MUdmam et 280 tlf• 

F~• 4 and 5 depict t1Pical a'buorption cu:ttoe of the 

L~ roa.ction m1xttu-ea after roc.ction lie.a ~. 

~ao reaction mi~ re.precented by the CC1ffC 'Of ~ 4 

contained. fo~a.e. formic ncia., end MtbJl 1ffl>'bu.tJ'l ltmone. De 

Nae~1on m,;s eont~ until mo9t 'Of' the bltone he4 'hem deplete!. 

l1ote t:ie oppearaue of a. new m..~ at ;31~ •F mid a nr.r shtmlder 

1ddch rei;,nGGnta a maz.bJ.im Bt. ttl>ou.t 240 m F• 
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Cu.rvc J1;.• F~ 5. wru, obWned hom n reaction in wlrl.ch onl.7 

£orm..'lm1d..e r:o.nd tht, ketone Vh'e _prett8nt. Uoto ths.t in th11l caae, the 
' . 

~,x.\tm!:l nt :3tt,0. mp 1a nlmost co%;!:pletel7 obsat1Nd b7 the abtorptioa 

of the ketone. 

The ronct1on r:1iztu.re '(;.'°l1ich ftll"nished. OIJrve lJ • lrl~ 5 • al.mo 

contsincd to~ e.n<1 the ketone; and in ndd.itloa. a mr.iall ruoount 

of~ cal.cf.um sulfate was 1:n.-oeont. tn this case the 9Mlll&e• 

at 340 e /"' is t~ mo1"'0 p:rotl.ffllMed. 

If theao nett absorption ~ aro du& to tho presence ot a. 

:f ormS.mldo eomp(.nmd, tho JlrG\lenae ot a ~ting neent 't10'Uld be o:r.­

Ptcte4 to cause 1 ta e.'buorpti<m to a 110N intEttuJe. Since ~118 ac1.dit1oa 

0£ ~ ealoi1lm fflllf ate &>es tflf!.eed ca\ffle n more intoruto abaor_p­

tlon e.t 2110 end :Ym mr. c.m s1nco these netf ~ camiot be att,S.wt­

ea. to the start'ing mu.tarial.s or products• it aoem11 ent:troy rensona'ble 
. . . ' ' t ' 

k co~ thnit on intofft...ed!nte of tho type: M•O=ti- C: O la 

1ndee4 fomod rm.nng th~ ~.tree of tho Le,~ ~tton. 

It ls ndviett'ble, whorever potnil"llo, to mplo;r more th~ o• 

method~ tho 14on.t1t1cnt1on o£ 3 renct1on intermecliato. pa:ct1cule.rly 

wan tho.t intcnnciliate llall not been !solnted. !'h&refore. it was 4&­

olded to e-~ out a polcro~c sttW of n Lot1~t naction m1:dtt:N. 

Tho polr.~hlc matllod in con.oh! my be dcflned a.a an. 

ana.1.yala b:u:Jod upon tho eleotrolysi a of a very mlnute frection of. 

a aolttt1on in n cell comiallfll of :0no fltlal.l. • au.oily polt:.r1sa.ble, 

and ono ltU"GG, non,..Poln.r1wdbl.e, el.ect~.2? n.w polarograph is • 

l.utl'\lmOnt which rceon'ttl reiluct1on ettrrents reault1n« f2»m tho awlicet!on 
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of ~17 1~5.ng ·cathocU.e potenthl• to a Arom,QI. ~ 

olectroa. ... 28 

When e.. :r,otentlal !a a.pl)li~ ~ea a '$11 contatn!.flg a. aoltttion. 
< < 

of an !.oni-e ~'ba~anee. the ver;r femiU.ar Obmta lt.v. E:tlti .applies. 

Since the roB1stanoe o:£' tho solution. is constant. rur th& potential 

1a increased the cunent inel"®D&s piit0l>fftloilat&l1". until the 

.. potentttll.' ~ < lligh enc,~ to ccnae the ~tion r,t· SOll\9, tru.bllt1:121CG 

!n the eoltitlon. . ~'hen th!11 oe«tn, the .a:iwnt ot «tttent «;omrur.ed 

1noreaa:ea rapidly. 

lio1>1 • fihm the el~\rode 1a "ltery stnal 1. ·as in tllO -ease. of the 

dropping mercur;r elactroa.e. and 1,Jhen the solution ta Mt· ntned, · 

tho coli.ttion ucn1)1d th$ StUifc.ce -of the oleotroa.. be~ depletod 

1n l~Uoible t,t>.terial. . '!his :p~ is know fl# co~tntl«m 

polerlze.tion. When t i ie ;potential. 'becomes l a rge.~ 90 t hat "11 

t110 redueiblo. #U'bst~ wlllch ·can cet to tho ~a.ce of tho · electrode · . 

. during the drop t1ee is reau~'ed. eotiplote ooncentro.tion po1.ar1-.'1.tm . · 

< •• 

1 t itt detemined by ti10 re.to ot . dlffwd.oa ot ro4ucible ZMterlal fl"OX!l 

the bulk of the . uolutlon. . Stnce the rate of d.ittuaion, is proportional. . 

to tlw ditteronce 1n concentret1on 1n the tvo regions 'bet't.i'oen · wbiah . · ·· 

tho d!f'fualon ocan. tho diffusion c--..1rrent is proportional .to the con­

cant:ration of · reductble ions in t11e bulk of th& riolutf.cn. 

fl'berefore., 1t hes 'botm · eatablln!i..ed t hnt the potontial nt ~mlc'b. · 

reduction oc~ is olta.rtlctcrlsttc of tho mtbst~., 't'1hlle the· dS.ffulltn :'. · 

C\lffent at this point in pro,POrtional to its concentratlon. 



A la1'6& n:umbw or ru'batances. both. inorganic anti organic,. 

irhich are redti.ei'ble at tho dropp~rtru:17 electrode, Ml a smnller, 

lllU'llber uhiah are o,d.d1.U\ble1 give characteriat1c pol.do~c irtWe•• 30 

Incl'U!e4 ~ng the rodttcible w'bstances nro o~ge:11 om.-bon 

<lioxicle, UMattu:-atc! organic ~ln • end SOW) ll-1 dohydeo and ketone1 r 

while ~n mno:dde. nl.c»holf!, estera • and other ald~-ee m,.d. 

lootonae are not l'edue1ble. 

!i:herefon. it a:ppoors that e. coi:r.,_oounit nu.ch as the proposed 

intermediate should 'be d~tecte:blo by means of' it• poln!'Og?"nphlc 

recluctlon ~. In ord.er to avoid 911'¥ 1~1d.'ble tntori'erenee d.ue to 

the bennne ring1 mtb#i iftOlro.t,l ketone vas ·'WHt! lnfltf.M.4 ot c-J.mto­

phenone. 

~he f1nt step in En att03li't. to shov the protJenoe or w.. nw 

wbatan.ce mut "bo., of cotu-ao, tho estcl>l1Bh1lerlt of the polamgra;phlc 

va.?ea of the t:1I:1torlal know to be p-roacnt in the Nt\Otlon mlX'Wll'G. 

Flgttre 6 sllo\nf the Haul ta obtdned ~mi ea attempt tras mnde 

to reduce mtbi,l 1so'lmt71 L-otone, nd~ a nolttt1on of lith!tU!l cblol"ide: 

ns tho ffllPl)orttng eleotrol,1te. Ol>Mne that no re&.tetion or the ke-. 

tone lle.9 oem'lf'N4. !he low~ which are 1)1.'esont enn ~ be due 

toe. ffl'Mll ·~tot diasolvect ~gen or a. r.mall ~t of organic .. 
perozlde diaelved in the lmtone. ?..8.29' 

Slnee ltthS.m chlo:ri61 itealf' is re4uce4 at-abottt -2.2 volt•• 

it can only be u~e4 a• too. sv.pportlng electrol.Jte for mteri.al.e which 

an re&loe4 at loww 1;t0tent!.nl.1. !rherefnre • tho dlaterml112;tlons ~0%'1 

tho l..atckn.rt reru:tion mixture• weN ~ '11th tatrmnetl\fl ~nlum 

bl"Otltde an the: supportlng electtt0lyte. Using this: solutS.cm it ia 

poasi'bl.& to opornte u;p to a potenttal ot .. 2.S volts. 
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Jligi.U'& 7-1 .. 1n the polo..rop.m of a O.l !. eO"lutS.on nf tho m,pport... 

tnc electrolyte; ?-ll is t.he _pole~ bbtnined after tho solution had 

'ooon r.~e 0.1 !! in r:etbi1 inobo.tyl ketone.. Olrd.onsly, too kotono 

has mt l>flon reduced. 

Ro-waver, the polaro-~ of a l per em'lt solut!.on of the re­

r.i.etion t'lixtlu--e, li"igiuoe 7-0. showa thi\t r«tno!.b1e material. ia pnaent 

in the solution. It is thought thv,t the 111...ae.f!Md wavet ~tween 

-1.7 r-,.nl -1.9. at -2.1, i:-:na st -2.25 volts r.re due to tho peau:U.tl.r 

oolla.vior Oldlibited 'by aqu.eoun solutions of f~a.e.'1 ltowovm.". th4 

\t.:\Te at -2.33 volte is not el~t~rlntte of tormomae. ant1 mst ~ 

due to some new fflil>Bt!UlCe-• 

.A eam.ple or the roa.ction nixture u~ then lta1Jhe6. several 

t1rn&a v1th wntor 1n order to romt"rre ~,.n tll.8 fo~de. '!:he ·wntcr-

1nsolu.'ble r:1~.tcrial wnG the21 r.ub.ioctea to polt:t-o~c red't:t.etf.on. 

lf'ig,;a,e 7-D 1a the polc.ro~ of :a. l pe:t" cent oolttt1on of this 

i-1ixtu.:re. 0~ that the w~n due to tlw tom.ron1.de il.aV'e d19ep_p-eared.• 

while the wave at -2.33 volts 19 rt.ore clearly e.e£1nod. ~on, lt 

seem1 :reasonu.ble to state that. en 1ntemetUn.te of, eome t~ is _pHNnt 

r-..nd that it~ polt>.ros,:n.1-,hto rea.u.ction <ttan, ooffllrS nt -2.,, volts. 

Most oStnple 'Uli9ntureted co%!?p0\UJ\a ar& l"Otluced nt meh lowor 

potontial.s than th.111. ltowevor. when tho ~ conttdns a reson­

cting system, the reduction 'beoome1 more d1:tf1Ctl'.t:t. The mcee 

intensive the :reeona:nce:1 the mro dli'f!c.rul t is th& l'«htcttou. Jlo~ 

exomplo, tho reductlan ot l',13.z,l P..lcohol has boon show to oeco.r n.t 

-1.6 volt•. while Jl,Jlo1 t-.nd tho chlorol.llV'lle are l"C&tced at a.bout 
-1.9 volt&.32 
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' 
Since th& reson.ance of the pro3?oaed. to~ o~. 

RR•o= 1T-c=o, is probably stUl r.10n intensive, it 5.e not at all 

'llllreasonable tl1a,t its red\uttton vavo should ~c~ et -2.33 volta. 



Chapter VI 

The- a.cetophenone • Eet}¢ ioo'buty-1 ketone, ~d :ro~de 

used 1n tlne ron~areh were o .. P. chetlt~J.o,_ c:u"Gftllly dried and 

red!stUled before i:mo. Tl10 fomio acid uuea.. wns cm!!merolal 90 

per cont f oi-mc t-..cld. 

~he eompi:-.:rativa i-tmn :U.ste.d. in ~ables I nn.1 Ut weM ea:nie4 

out et c. tem:Pemture such. that v. eentle renux vns mift~"dnod.. The 

run• cot1pllod in Table II uoro r.m.ntd.ned nt com,tant tempm"'at\tre 

by not:1J1S of a. Drown ind1cattnc controller. 

'!he 11l'Oduct of' nll l"tlU of tho Lwcknn rea.ettou lloted 

1n this ir¢rk \laU isole.tod nceordbB to t!te follo~ genanl, method.I 

The reaction t'!ixture wns e,llowecl. t& cool a.na. we,s weflheil three 

t!mee with water. In ordc1· to speed. tip tho eep~t1on of l~n. 

50 ml. of bennene ws ttddod to the nixture. l..f'ter sopc..rc.ting AS 2m1ali 

wstor a.& possible, tho benzene l~pr t.~ su'bjocted to aneotropie dis­

t11lnt1on. with SO?.,'l."..'.ffition ond. :removal of tho lover lqer of the 

f1il"ltlllntc, 1n orcl.er to dry tho nntorlal thoro~7. 

fho resulting dry tiixtttro i,ras then clintUlod tiiro-0.gh a ono.11 

col-w:m. ea:pt.'ble o:f' ettecting e sepn,retion oqui~ent to a'bout six 

theoretic~ plates. The fraction 'boiling at 138-;141° nt 2 in. 

proso\U'O wa~ collected. tom re1')()rtod no tho yiold. of a.-Phon.Tlotb;rl 

fo:r.mamide. 
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Ul> to 100 ml. with £om1e e..eid am pkced in tho retteticm :flask. 

!i!hil flask w;.:,.s fitted with n ro:flu eomensor atta.cha4 to an ab­

sorption tn-.in eoutstitllt ~ tvo traps eontn!.n1118 concentrated 

sul.ftlrlc acid and. ona .eontr~ng anhydrous cnlc1ttm chloride. !llie 

passed through mil.func acid n.'1d s tube contntm.ng Aaoa:ri te. 

~ho t-J:l!IJunt of carbon d.io:dde- evolved. wa.s .detsrm1ned by }?AS&-

1tiB tho oftltUmt 0-N'S thrcmeb tuboo cont~n1nr; Ancm te. «!h('; i-roicht 

of ear'bon dioxt~ trapped 1n e mcem.u-od period of tim w:is then de­

temined. 1)7 tho change in the '1e1,ght -ot th& a'b9orb!CG iaaterlaJ.. 

It was f"(';,md ~Bsazr ad una.os1m'ble to S'tlaep m. trogen 

tbZ'o,,gb. the syotcm eontl~. 61.ncG an e:pprecie.ble ~unt ot 

foffiie acid. was l!iclted ·np ~ the mll'ri.mt of irl.trogen. 'lheroto1"0, 

a ~le was to bo welghe4. Thin oweapini:; timtl Wtl.S found to be 

sufficient t<> e~ the carbon dioz:lde into the we~ tu.be. 

A.~ or \1ank wns ohoved that a blank o'f .five nllli­

g;.... haa. to be subtracted from the am.,lll"Ont weie$lt of cnrbon 

Mold.de. 

!ho un or . 03:r"bon d1oxt4e 2:ieaU"~ta to f'ollffil tho cou:rse 

of tho NllCtion 1u 'baned upon th& ccnorol' oqua.Uon for tha Lcuoltnrt 

reacttonc 
' nn• oo + ¥cml + ncooE - 1tR•cmmom + ¥ + 002 
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l?or every mle of carbon d1o:dde proclu.cod., one rl('}le ot ketone 

Md one mole ot fo~d• is conmt'neti.. O,n thin 1>,;~s1a, it 1• quite 

td.mplc to <mleulato at'l!aa· atl4 l::otoM coneentra.tions from the tUntmnt 

o:t cnrbon d1oxtd9 evolved. 

Ul trn.-violet n"bsorptton CllffH Yf>N o'btninea. by ~ of 

n :Beekman Nodol ro ~t!i· Speotro!)hotomater. All solutions· ,rore 

. orlg!nally d.llutel! to a eoncent~,tton c0f 10 pe!' cent• end fu?'ther 

4Uutions wore ntt4&, as neceu~ • in steps of one-tenth. In 

most <mBe11. flolutlona of 10, 1.0. 0.1, r.J:ld 0.01 per eent 'lrJGft nqulr­

ed. for .the eomploto a'bsol."Pt1on etll"Ve.. !i.'he "mlue. of tog 7.0 / J. waa 

road direotl.7 i"rom tho inatrwnont. A mtllf1e4 extinction eoeffic1m1t 

was then obtained by div1d.12'.l{; this value by the concentration of 

solution 'btd.ng r~J.red. '.i:hiJS, ~lie vcluea plotted 1ft. ~ :3. t~, 

r,,..nd 5 were t,btainstl from the eqimttont 
. . . log Io/ l 
Log!. :: lOG ---­

c 

llecdings wore taken at 2 m/'1 intervals c.t criti,cp,.l points on the fflU'V'e 

r,.,nd o.t 5 m /1 intm."Valo over tl.10 ~td:og ~. 

All pol1:1regrtll:?1 vere tl!'de with a Sal"&)n~q Model XII 

recording poL~. The naterinla WJeiJ. to mr-.ke up the sol11tions 

of s-a.pportlng electrolyte wen anai,ticsl ro~~t grad,e chf1!11le~• 

reo17st::,l.llzed acve1'al times. ~ae solutions were r,.allet 1n a Stf;per cent 

ve.ter-ethenol rtixture. !n o:rder to inmro cot:pl~te solution of tho 

kotone. · 



Cha:ptff VII 

StlMHAJlY .ARD OOiiC!.,'USIOllS 

It 11.nl.l beon shoim t!-i~t thln mechanim fite $l.l tle pu'blished 
~ 

rotnrlvl. Yi.th. the exception of ~.rt oi' the work of >J.eJrD.nder v.hicb. 

has been shovn to 'ho in error. 

Compamt1ve runs with val'l.ou.1 tmiclmrt reneents have 1)een carrlat 

out, e.ntl the result• obtained correlat<Jd wlth the proposed mechanism. 

Three se~te attt\.Cka have 'be:en ~ ul,)OJl the problem of prov ... 

1ng the neC:uemmt1 to be e true l)icture of 1<11~t ru,tual.ly oceu.rs in the 

cou.ne of the I,atcbl.rt reaction. 

lt lln.S 'beon shown, by 1:1MJ'l.S of ldnetie atudien • that the first 

atop of tho :reoot1on 1ft second order, wldcl1 it; to bo e~ected U tho 

propooed mecbanl• iu eoneet .. 

Xt hc.s 'been oh.ow, l)J' WJr:ns of npeotrophotometi-1.c stut.U.ea ana. 
1»lr-•.rog,raphi.c studiea. tht-.t M intemedia.to such nD ls propoeeil u a. 

part of tho nachamm:i is prodttead. in tho eou:rae ct the ?,ou.cl-=t N<>"\Ction. 

It mst be pointed out horo t11rt none of this m~.terlo.l cnn ho 

reea1'\ed. M coneluatve proor of the meohan!.m. However, the fact the.t 

nll lmoun data, both that o:f the 1:ttomttire Mil th~t rom.tlt!.ng tl'O!!l 

this work. mtpport tho mocho.n1om in every detail eonatS. tutes at~ 

evidenoe of its w.ltdit7. 
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