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.,. PURPOSE.~ .... ...... 
As originallt projec~ed, the 'pre$ei!~>-brk was -ta 

c1>nsist ot a polaroS2;'ap,bi~.tn<restfg~it~rif,,tl!, redu~tion 

acids.w1tho1utr.the.,appear;anoe ot'. ~he,,l;lattll.'ated laotone ~s. 
, l , ,1 ': , ol 

singlet\ out ,for :"speoial)1tudff ·1t Wfl:s: h~J:?ed that the pol• 

arographic m~thod m.1ght ·make po~~ib)-,~ ih•;unequi!oaal :Proot 

of whether this was ·a one. or two s·tep. re·duotion• On.- the 

. other band.~· other uns~t111·ated :i.aotones' are oatal1'tici¼ll;v 
' ' ' 

' ' ' !• ; 

hy'drog~na ted tirat t9 ~he satu.r·atect::-'latit<>ne. anct tb.e · polaro-
1. I •' (, > •.-'• • ' ' ,, i ,jj 

g;raph was expected to· Sb.OW this_asia·on,e:s;ep ~,duotion.,, 
J : 

' . 

During the cour se ot the ·worlt, the i!ponttmeous'. form• 

, ation ot a com.pound between an unsaturat·ed la.ctone. and 
I • • , lo' ',t ,, 

/ . . . . . . . . ·. ·. . . . ·. ·. . .. . . . . ... ' 

ox1sen was. detected.. 'I'his• oompo~d i$. presUm.Jblr a pe~• ; . 

oxide. The direction ot this problem then changed to' 

stud1 the OX7gen uptake of. the _ unaa t\ll.'ated lactone •. ' -It· 
was hoped that, by means ot the' polarograph and. a· newly 

designed polarogra;P.bio oell, _ a new method tor the quanti-

tative analysis ot au.011 olet1n1.c per~xides and som.•· new 

knowledge concerning their structure an~. character might . 

be found.. 

II. HISTORY 

Y.nm,turate§. Lgotoneg, 

oc-anselioalaotone (A~"" ) and ,-anseltcalaotone {A°'-'> 
were first reported by Wolff in 1885 (l),,later in the same 

'• 



'•.';,' 

year by -riic¥he l2l',:, and s~ll.l lJte:r, (1901) br · Thiele, 

Tisohbe1n and Lo$sdw ,, (%5 ).., , ·, ~heir 'p~~pata.tfon oonsisted . · 

essentiall:, in reflux1ns levul1rii'~ ,ac'.tet''ii~th aoe>tie an• 
: ,: . \ .: • ' ' ' : . ' . '. :"' ·.: ·. ·~' . , .. ;- : . ''. i' ; . . ' 

- ' 

Cavalli to. and HaskeliJlO'f,r 'have ,showti that alkalies 
''\ ,_ 

~reak the la<:toM l'ing of Ol•a~eiicai,tlbctone With simul• 

taneous loss o~ the <io.uble .botui, oon,r9+;till$ the lactone 
I ' • , • 

to a keto aoid. ' a~nce this double' bond :. seenis to be. n~oea-

sar:, tor the antibiotic aozti:dtt, oi .. oel'tai:n com.poiJ.nd$ 

containing an unsaturated laot:onei alkalies desttoy ench . 
; I .. , ' . ' • 

, • , I , '. . , . . , , : . . • .. ,·' .. ·• ' i , . · .. ,. . ' ' . ·. ' , 
aot.ivtty. Also·• the meroapto gi-oups ot ·o,ertain cornpounds · 

suoh as c1ste1n·are generally tno\lght to add a.cross: the 
' . ' . . 

double bond ot unsa.tu.rated laotoner; although i,.o ·such add• 
' ' 

ition compounds have been isolatea.. '.fhe resulting lac~ 

tones ma~. then react w1 tl1· an amino group.. SUOh postulated 

reactions· may,be of s1sn1fioanae as a mode· of.action of 

unsaturated le.otone ant1b1ottos Jd. th: suitl'lydryl_ and pos-. 

sible amino. groups· ot en~yme ;proteins; Mendez· (106) has 

shown t.b.at o(• and p-anselioa).actcmes· produoe systolio 
, ) • , ! ,,· , ,, • ,, ' ,,· I 

standstill of the isolated fro~- heart, ·Action is shown 

to be due to the tor.m.a1:ion ot p~roxides in the solutions 
I ', ' ' •\ 

o~ the lactones4 these.perox~<les.ear~.resistant·~o catalase, 
, ' ' 

but no't to peroxid.a.ses. Tertb1r1 ·butyl htdrope;oxide . 
- ,.' • •• ' ' ' ·--. • ., ! 

causes th~. sam.e effect •. but ls not ·eftetrted by-_ peroxidases. 



This systolic standstill is p,:~oeded b,y, e.11 increase¢ 
amplitude ot oont~aot~?n .. apd then diminished relaxation 

of the ventricle (10'1) ~t, 

•. These laotones. are QlO$~l1 7;elatet1· 1n. ·st1:'uo~~ to ... · 

the sti-ophanth1din sroup ot oar41ao .aBlucones; 1 •. e •. ,. digi• 

te.l1s glucosides such as digltox:tgenin and gitoxigerd.n 

(104) i• whiob, are also J-r.,, unsaturated•-< 'l'iao~ones~ :Foist~ 
• f ' • ,· • 

1 
' r ' ' ' ' I ; 

Blou.t,. UllJ.e· and Eldertiel<f'llll) ~eiieve ~hat .the most 

outstanding of digitalis .. st~ophari.thusn group of. oardia~ 
. .· . ' ' ' , ,. '· ··.' ', 

aglucones is an unsaturated laotone. aW~h as. butttn.olid~· 
, ' : ' , ; ' \ 

Plwith a oyclopentanophene.nthrene joined at the p-posi._,_ . . 

tio.n/ 

The b.ydrogenation ·or these unsaturated laotones .is , . 
,. .. ' ,: ; \ 

interesting~ _ lscob.s and sc~tt J4) found that the o.-angeli• 

oalaotones .oatalyt~oallt -ll,1d~ogenates easil.y., w~ th the . 

absorption of · two 111oleQ. of hy4.l'ogen to· give va~ei-io a c~d. 
' ,. 

No satura~ed 1actone -.could be dete~t~•·: ,ven .\t1hen the hyd~o-

ge.natton vms only partially- com.pl,ted., on the other hand, 
' ·... ,,.-

p •angelloalaotone tak~s up om, ~ole. ~f .hydr~~~n at the. • 

dou~le bond to torm. """•Valerio lactone., ;.tt the :reduction 

is oontinu.ed W'itnout int~rruption, · val.erio acid it:1 obtained. 
• • . ., ' . . • . ,, ' "/ " : • ; ' ' 1! \ ·, ' .. ' ' ;_ ,' _:_'•;- ·, e'·: t: ' .. ·.. . . . . . 

But once stopped ·a.t the laot~.ne Sttlge,,i ~~uction to Valerie 

acid 1$ dift'ioqJ.t,. · 'l'lle btdrogenati~ ·of. i3everal isomeric 
' .. ' ', ,'.. . . . . - . ' ' .. . . . 

la.oto~e pairs of this type. ha~ bee~, irivea~ige. ted by iaoobs , .. 
end Scott (4) (5) and .Manni~~ and .ll~tz t~r. l.aJorg" $nd 

Smith ('I) investi~~ted ~hill ifh!'dl.'osenaw)n of. r()ten()ne: 
' • • ' " ., .\ ,· \ .,~ ' ,I' . '·. • 

Horsohe and .Peitzsoh (8) inveatigQted ·the catalytio reduct• 



.ion ot .meteyat1o:tn to tetraby'dto methysttoin1,: a.na., :. Ja~obs 

·and ·oustus .(9l · inveet:tsa:ted' the ca·tal.ytl:O: ,red.~otion, ot 
anhydro. ·•.T--isogetongen:tc me~ht~ .ester :an~ . r;.digtto 

analdiaoid mono· methyl· ester~· '. I.n ·t;.aneral, 1,3.actones. ~: 

which tho: l' •or&•' o.-,tom .oat'ries' a: ltqton•: :bop.d and, a .. : 

double ,bond reduoe .to, the sift~ated,.acicl: ap,par~tiy ·,'in 
' . '. :_, ' ' . . 

one. step,•.., :Othett u.nsatu:r,ated laotont~· Jl1~0g,enate.; in-: two , 
. . . . . -

s.teps~ '.Jaoobs I.Ula. Soott (,4;) c()n;~uae .tll&,t~, tt a siib;..,. 
'=' ··<,'. 

stantie oonta1nins )if l.aoto:ne. group: and· a :a.ou;bl.e · bond 1S: . 

promptly· hydrogenated· to a saturatad::ao14.w1thouta. break 
. . 

at the one. .rnol.a s~ge• tb.et.r ·the l~oton~. 1s::·t11at ot ,:an· ' 

enoliz.ed keto•a~1a •. Excei,tion•· to th1"·:. are oompounds . 

which• have' 'a' conjugated: d.ou.ble bona·: and wisa.tt.trated l'ao:.-_ 
.- .. ' ,,.. 

Related to · these ·ta~~s arer th~ ftntlings ot Paokentortt · 

(~0) ·that levulinio ·aoid.1 the star:ting produot torthe·· t 

preparation . of o .. angel.:tcalaotone., .. is .,~a:tal1t:lcAAl1 hydro• · ·. 

genatecl ·to ~valerolaQtones· oontain:t·ns onlJ; t:ra·oes of. 

valerio · aoid:,., 

.OJ;ef3tn1c. _P£t>i)idgs 

Markown1koft•s Rule ,tates·tllat'a 11a;os~n .bfdrideadd~ 

to .a double. bond '•wit11· the l1Slogen bonding. to the 0-ato~ . 
' • ' , ' I) < ' '"I . .- ' . ; '. _.i "' '•• ' 

,,oar.r11tis the smaller number ·ot, ht<lrosen atoms. or lar:ger. 
,• ' '. ' ., • ' ' ' ' :· -~ : ' ' ,: ',: • ,, ; ;. \_.. • •• ' -,,'..: ·,' ' '/ • 1 ': ' ·, _;,_; '. 

number ot filky~ gX-OUj)S • :s1n·oe the totmulation ot this 
•'• ' ',, . \ ' , ' ; . ' . ; . ' . ' ' ' ; : '. / . . . . - ' ' 

r~·e• ,:lQm:raecp. a11~ .. o~:-~~rkers .have sllQWn .· th~t it hol~e in 
• ( ·, I ' ,· ., ' ' • l' ,' . . ' • { . "' •,, ' ' .. ', .•. , .: i, .. ' ; ' ,, ' . '. 

tb,e. abSe1:1ce ot peroXides . (4itnd .0Xy-gE1nJ _, b11'11. it is reversed 



1n. the ;ptesenae o~ per.oxio.e,sf ~h~asqlf ~ntt:: hi.s oo-"!{ork• 

era nave <10:ne ,a ·srea.t:• am?~;: ot •. ,rb~k on::tb.is acldend·wn 

with subs~q1.fa11t <lontri~ut:to'~s: to: ·the 1t,uow1·~4·g~, ot ol.etinic 

peroxide,s:,. °'. ine peroxidtl.· ·etteot. pn::: ~lt.e Ji.:a<tt.t:ton ot·· halogen 

acids to •ol&firia •iS ii!nited to' tJ.t~• ~d<u .. t:t.~ti :dt ~<lrpgen • 

brom.14e ainoEf· !11dl'ogen. •1od1de :anct ,J.,.yt\r()g~/bbl,:oride. add 
; ' ' : ' . ' . . . ,· " ' . . ' . . 

only on.e; way<•- thei ·so t!alled: :norll'ia·l..:iOadal.tion;•: :,, ·ayda:,ozen. . 

_ ohlol'ide adds. nol'll'l.allt to ~~t;~lk, ethy"lliile • (l.i) to trl.,. · 
:. , .. ,· ·;•', ., 

·ohloro: methyl etntl.ene.•ll2lt: ·to\ vihtl ·'.ollioride>:when· oata• 
, ,r . \ ' J • 

lyaed by ter11lo cpl.ori<le :(15),, >t.:f butaiU.ene· bi, 'l.2-.:; ahd 
• 1 ,.,: ' " 

l ,4- addition :p.4)i to• :;J-~lo p~o1ten.es .' in 'the presence Of , 

terrii) ohie>r:t.d& . (l5l~ Mod ti'.> td~hlot-0 :ethtle;a> (1$),~ · . 
'I. ' '• ' ' . •~ .· ' ' ;. ' • . I ' "\, ' 

Hydrogen :iodide reduces 'tflo:hlox-o~;~~-r:t.ene1: ,:~~'t:does not , 
:, •,• ·,' {, l "'• , r',·•.·.'1. : , '. ,. ' ,·\, I 

add ,.(16); .1t, ¢oes, .however, -acld·".at>rrAall:, to -trimetb,tl, 

~thylene · (J,l) ~~J. ~hl91'tdt (ls.l~ ;pl'o;pyl~ne~ butelie,.i 1 .. · 

4:4--dimetl\tl pent~e~l~, and all,;l. b;~mid~ (17) -~-·-and. to .. ' ·. 
,. ' , ' ·. .;,, . ' . ' . ;, 

propane• ·1-bromo'pjopene -and·.al.111,·ahio:rida (l8J•• '.··.This· 
'>, ,. ,• u r ;, •'' 

:is 'explained by the .tact tllat hfd~oaell t~did~ reduces the· 
• • 1 , • " •; ,• • ., I ' " , , , ' •. • ,-; ','! .. ••,c 1 ,•• • , , ·-,~: , " • ' : 

0

, '., ;. : • < ' , , • 

1

:' "' _'. • •1•·· • 

peroxides t:o · Si'f:e fiet 1od1nej· w~c};t _is kno'-\ttt to catelrze 

the norm.al addition (17) ~l3) (l.8) • .. · ~y~OU$ .. hydr~gEm 

flourid.e adds n~~me.'ll.y 1n good. rieia.:s to ethylene• p,oi-

pylene, ·c:,olopro;pane1 , oycloh~ene (l9lt. 

Hydrog~n bromide add$ according tci·;Markowtdkott•s 
Ru.le in the absenoe of peroxides · ,na o~gen. In the p~e-

1 
I I 4' I 

eenoe ot peroxides;, 'either· add~d or 'natt1,ra.Uy O·COUl'ins, 
. ... . ''• ~. 

however t 11ydrogen bromide a.d<is abnorm.aii:,,, as 'shown for 
v'iny-l chlori·de (13): 



·. :RCl 
a..o .. o-.a 

' , ', i , , , :1 ; , ,l • • •· I ' 

' '' I ' ' .. '' •. ,:,::• ''. I'.:' .. •.•,' .... · ',). i •.,••.:: ,; .. ,:,, .··. • : .... t•,:,•,./' ', ' 

Appa~en tlr, some · Qle:ti.fl,~. · d~ not tqriii '.,p.,,o~fdes spon tant•· 
i' ,·,.•,. ,,.·,' 1 '; ,,•: •1 ::,, , ; ,', ''(, ;'·" :,.i , ': ,: 11 <: i . •.·•··.'.rt·:· •.·i' 

ously in th, :presence, pt,.ox1sen1 · 'at*oe'ft\;ta'necessary to_ .. , 
: t • ',' _t i l 1: ·, • -.:. t \ ; ; ·, ' '·, ,, " -~- / ··: ,' \, :·; j, , .,{ ' 

1
'· : 1, ' , . f' ,' I ..,_. ,,. ", 

't . ' I, 'I: ' '. . . . . ' . ' • : . , . _: ,. :_ . ·. . . . '. ... . ,·.' . ' ' . . . . . . ' . '·, .· . ' . ' ' . l~.. /t 

add a peroxide such Ebs benzorl. ;petox1a., and ascaridole in 
j,,._; :i.,·: : . .iA . ,. , . : .. - :· ... :·; .. ~t ... , .. _; :; : . ·.:_·-~- :: .. - -~ ::·/_::·,.. \,.,.: ~, .. 

order to· bring ~bout\.the abnonnala.a.a1t1cn. 'rh.e olet:tmr . , 
~j•'; :, •~• I ;•,• .,:,. ••,:,,, :' ;.i;'' •(, ,rl;••,i : • :'• ::•,.,; ·; .. r:::•·.::,,• . ' ;,<\ ::. ;' . i:· •:·:~• ... ,' •,:,\ 

whiob. do : no·t torm pero~:ldes · ·spont~neouslt ·1noludtJ · 2-.bromo 
pr~~ene: 2•chlo1-o p;i;~ite '(oti$pare '•1;~1iai~ Il~~;;ne~l, · · 
"\ ,''·'·' •• . ' j ., !,.; •.• : i' '.:, ' , •. • ; ': .' ... •·· '.·.··.··:·:·:. \:'·: · .. •· :::>. ~;1,:, ; :,; ',,: 

(15) • tr1chloro .-.eteylene (l6l (~6) ·, _tr1.me·thyl e:thylene (li') 
'.··.:,, .• ''•'. ';·•··•.). · ... •1.·;/;::·':i .. ':)., .... : ·.:·,j'_\,.',·:.: .. ·.·. 

(35)• :tsobutylane (29), pen,ene-1.:Jsot·•:· untl.ecenoiq ac1~· ·' 
, .. •·, . • : ' '\ : •. :·,. • .•. • ... .':, •• <:\• :,,:. (._ .\,•. ; '. ·•,•, , '• ,: ,, • 
(24), .m$tt.\1l.,aoetylene (33)j prope~e. (.54) 1 butene•l (26), 

I • • s • r , •• • ' ' ' ' ' • I , J ' 

,. : ·; . ' . , . . . #: < l ' \ . ' . . ' . l ·, • ' '' 

s~yrene (35), and higb.tr 9l.etins ·such as non,ne•l, tride. 
, . ..·· :. . , . < .. , ' ', .· '{ .. ,· •. ,; ;. : . ..:··; l . •: , . '., .. · .. , : ·'., ' ,· ' 

cene-l, undeQene•l, pentad$Oene~t •. heptad.ecen,,-l, -non• · 

8. e o ~n~.1, 4;phi:U11l 1:>U.'tElne;,..1 ana e4p~lJ.1:i. liexen, .. 1 t 21 > • 

s(m;l'lbl&fi~,'110VleVer;,Q~ll1 pei-ciifd.$~
0

aPontalleOilS1y a~$hOWn 

1>1 th& t~ct tha~ hydorgen t>rQni.iil~ &i!.~s abM~al.it :ln the 

abSenoe of ~tet'nalliaddea. p8roi1a.&s an~,thEI nOrmai 'reaction 
can be obi;ained onJ.i·••by. oolldUc1:in6 tb.6 ··J!eaetioniii'. a' V8.ouli1ll: 

• !. ' •:',,••:, r ' • ,I , •. •• I ': ! .fl. 

b1 d1st1llat1on ot, olefin betore µt:1e,. -~~d by,· the use ot 
.anti-oxidants $UOh_as 4iph~nyl Pine. ~,a~oquinonej and 

. . . ' . " . '' '• ·,.. . . . \ 

thiooreaQnl•· Inolude<l in tn;s srou.~ ot olef1ne_ a~e allyl_ 

. bromide ( 22) • l•obloro.- and l•b:romopropene ( compare ,11th 

2•halo pro_penes above) (15) 1 vinyl .o:t1lor1de· (13), 4,4.a_i. 
'. .. . ·. . . ·, _: .· .. ·:' ':-:,' " . : •'. . .' ' ' 

m.ethy'lpentE;lne~l. (23)(25),. phenyl;and 't>ntyl acet1lene (28)•· 



i1nyJ.: bromidtr··(~'?l', unde()yl.en:lo • a11a·,'(oo) ,·. ln.1ttne~:f (20l; 
. . . ; 

tb.F;J· pex-;oxide1:( ot. vihi'.c!f ·are·. son1~tlnies· diff!cU.lt'" "ltd( r~move. 
.. .. ' ,, . -~ . 

and· triohlorom,eteylathylen,r lla)··wn1o'li toiIAs·· peroxides. St> · 

easily-· tba t the· p·ero~1d,f ,. oatal.ys~d .'etddit1qn · t~ ; tlnf' bnly 

one 1 obj>ained. '·w!'tll . hyd~oge11,· bro~ae:_·. nlthough .:_ hyd!rdgen 
') 

1 
i, 

1
,/;•, •., •:, ;, ,_•, I • •;' ' '> , ) ,•·I .'' 

cfilorid• a.a.as·notnial.11'+•·::• llutaa1e1~e:· hriti: t,·$en ,,;epotted td . • .. 

~Ol'm eJCpJ+Osi ve pel'rud.4~~ ·· Utldt,l' • ~r'~8Sui-~ >{ a7) ,~: possibl:, 
• • • ' ,•/ . ' ,•• • ... ,; ,·•.: '. \ 'I ., '.' 

there: is enough 'sIJon:tan.ecn.ts 1·pe.1·oxi.d.<f·.f:or~tion: :to :caus, ; · · ,.. 
,j • • ' ; • :' ' \ ' ·, > •· '• ,./ I ,.'f , ,\. \ • ... · 1' ;::• .. :'·. •. • ·• • . I • •~ 

abnormal, '.addition of. the :seoOtid'"inoltf:·o~·· hyd~Osen .bromide• 
the' first in.olaof. ny-dl!ogen· bipmide :·<, • ... < .•..... · .. · .. >)\ .. . : . ·.• , .. ; . 

/being ·unattected·· by ·peroxi~ee j31}(5.9): . .,.,.'it:\eho·~d···be··r,-'.: 
. ' 1 ,. . ., • ,, ·. ',, ' • ' · ..... ' , " !: ' ·'1.'. ,'' . } ·. ' .':. ,,., ,1 ,~- t;~.:. '. '. ; . > ' ,• • 

· membered· that· these perox1detf al'$. 'pres0iit.'. in 'am.till:, anrount·s 1 
I, : ' • >, • ' • , • l •' ,: ; I • ' 

, . . . . ' '' .. , . : . , : . '. ' ·. ..· . .·.. . ':~.' " .. ,. '. .. ·; :· ' ;- ·,· ' ... ·,·· •' ·. . .->' . : :; '. . ·. .__ . : ' 
· 0.05:.mole ot. asoa.r1dole · or ·b·~nzoyf:·p~rox:tdtf:1s s~nerally ·. 

sutf1oient to tiatise ·e.bnor.mal ad.di"~ion' .. of :hyQ.l'QgeriibJ:omide •. 
:· '::i~' ·. . , . . . ' . 

, l . • ) · •• ) , .• •; 

Tlle same :ori·terion ;s :·used .for s~~t!ng whether: olefin~ torm 
"1 ' ... , ' .... , 

peroxides spontaneously~ 
oonaidez-a.ble d1aotJ.sa1on. oonoer·nittg the· ettect ot sol• · 

' . -; ' . . . ~-' . . . .. •-" .,., " ' ' ' , . 

vents on the addition of hYdi!ogen brom..1.de to o+afi~s •. both 

normal and abnorwil 11as appeared• in the lit~ature.. . ltha.i-asoh• 

hmvever, maintains the .etfect ot a solvent ia on ·the pt:¢• 

oxide itself and·that.peroxides.are. the,maintao~Qr deter• 

:nining the direction of addition (41)(22)(20)(26)(29)(30) 
.. . 

(32)(35)(57)~ Sherrill., Mayer Elnd W~lter (42) and Linstead 

and Rydou (44) believe the solvent oqnt:rola the·d:treotion 

. ot add1 tion; Insold and sm.1 th t 45f j,elie\'"e the int_e:L'nal · pres• 

taura of the. solvent affects. the addition., :t~ a ~e:d .. es ,·ot 
solventa whose, dieleqtrio oQns·tant$ ranged trom;l.,83 to· ·ao, 
by. aontrollillg the. peroxide aonterit~ Kharaach ·and Potts (32 ). 



.a.ltbqu.sh•,the· •r~tf)f.J •.va.rle_di, :·:.,:The ·Eiolteii:t-:may ~tteot-l»er~.-~ . 

oxid~. •conditions ·-front O•lie: solvent ·Ho ianothe»"with the: same 
• ' '•,,, ,,• I ', , ' ' 0 '.'•' ,., ' ,,. ' •, '.' •'/ I;.:-:•• '_' ; , •: 

oJ.etin,:, ,.Mj;cnael ~;ncl Wei,ntr; {µ,).: ·,vtorking iwtth· trimeth)'l 

etb.yle~e .teported· nor~l , .. ad.aJtion.:ptChY'd.r*g~n brondde 'il'l 
,, .. 

1 ,f 

_acetone, .pentruie. '(Ul~QP!l a.1:~nllphi<le:' and. et111i•-·aoetate,. : 
' ' ,• ,,. "',• ,., ' '•. 

and a.'bnotmal addition in :ttpu:ce''" ·ether:,· ac,tio acid and-: , 
;, ' , ' '.. • • •· : < ' •• ' .',. : , : ,. - ,i_ • '. .-. -·: ' ' ':i 

methyl,-. alcohol. .c:On. the . other ha~a.'f · She~rlll•: :,ia:,e:r, ·ano. · · · 

Vlalter '(42) observett alnio~m.ai-,addi'tion•:·1n:·darbon tetta•:· , 
.J •• . , ' . . .. ·., ,' .. 'I' t ·• . ', .. : • ii., 

chloride;: hexane·, and·.ai,etio :a.ctd.;.·uriaijr·;ari· cond1tiona·•' .. , 

Khara soli and liannum l 1$ ) · iieport. aoEltiO• lioid. I!.:l.trobenzene · 
,' • •• '. ' • •'. ,_1_ • ' _: •• ··;· ,:._.,,. -· 

a~d·m.es1ttlone,nave a sUght.nnt10Jti<l.ant·e:eteot•· Lucas," 

DJ.lion and Young (45) Obtainetl.',·~l~y n~mal addition ot" · · 
< • • ., , l ' 

hydr0,gai;t · bto:n1ide to l~b·utene. dis~!l1ed inter aoetio acid, 
j • 

.. • 

Kharasoh• W.nokley ,· and. Glad.stone (50} tound t.tiat. pentene~l . 

( no . ~l>Ontaneous p&roxidel tadds ~ogen 'bl'Q.tii1d~ horlllQ{ly .. 
in a oetic ac:1d solution even it. a·~icaa-idole is. added, ~al.;· 

•. • • 1, 

~hough this m.ny be due . tt> ;tepara tion "ot layti)r11ft · :In. prop~, . 

ionic, aQid solution, they were able to get' some abr1ortrtfil ·:·~ .. 
I ' •' : ,' , •' J • I : ,. / '" 

addition With the ·nor.mfl.l :ad0:i:t,1ors. •P:t-et!~nat!ns,· . i\.ahton --· ··· · 
. . . : '', . . ., •·.·,,· .. :-· .: ' .. , ;". . ''' ··· .. ,···••:··,.. . .. / 

and. Smith (;?4) · .. obtained evidence. ~th mid~(J\moi,c '"8'.ci,d .~a 
~ydrogen b~omidt :that . the: so).,-E)n.t .. effijot' la oti tllEl for.ma.ti on 

1 \. . ! , ', • 'I t • ' /. ' , , . ' · . '. ' ••' , . : ' '. ', , ~-, . 
1
,, . , • ,: ' :. , i 

of pe:roxide_sAt .- xn··l!groin Qr .he:tt1.~·~:.u~tng, c~mmercial· 'Stim--: 
- ' • ' ! 

p~es .·of oi~t:1n. an~. in . the prese~ca -: ot ·,ab.• .. •. they-, :()bServed · 

abno:t'mal.··~adl't:10)1,.. In tine at,Sellce·,Qt lld,.x:,,. add.itiOn• was 

no:rn~l' although., the' $<fJ~U/t1'ons' Wete _ :tnms1ttve to' peroxide 
torfuat1on~ . :ey· pprit'ftnS 'the Wlsat~ated ~ciid~: they were . 

-a~. 

) . 



. . ' ' 

able· :to,. obtain'. :solutions iin/,tl1-ese :.sol..ve1tts tha:t w~~e 
' I , ;,, ", ,. .~ • , . .' ,. , - ,. , . . . .:; ' , " . ·, , . •. • ·.. • 

. in.sensit:tve ,to :oxygen;,::::1·~Ehi,,.·· .tp:~ .:,adg1tiQni,'~s .. :n.o:r:~~l~'.: .. 
' . ' . .- .. ,·. ; ':,: .. ·:.,; · .. ' . . . ':·, , ..... ·. ·,. ;. ., . . 
,, '.. ,, ·:·., 

With'·'b.enzene· or: toluene ,as ao~v~.n~s.{,::'.11owijy,er,: ~~e: p~es't, 
, ... .:,: ·::•;,.: · ... :·,•.i·" ._,,-..: ... • . ' • 

' ' 

und.eoenoio. ac1d.:,1sf':~ensltive to} ·Qxygen~·: Any:vtate; ,in';tne 
' . . . ' .· . ., '··... \.•· '·: .-. , . ···- . .. ·~ . 

sy-St6!l1 'Causes.·: the ' S(?liU.t:lotla ,' to:· bE(i S\1SQ.~:J)t$1:)le.:},tt> per,ox:td~ 
" - " " . ' '. -'.'/\-~ .' ·.,_,, . . . - ,, 

' •,. > • • ' ' 

. Cilloride to: :oyoloheX:$lle. anc1'. ,hexen$-.~i ShOWec\ :tha,~: t~e. l'a:te 
. ' . ., . . . : ~· ·• . . } . ,' ; . ·... . . 

, I ; ' 

ot reaction· .. d.eore.asea, idt.b., tnorea~ills ·:ten.denoy :, of ·:halogen; 
; . • . • 't • ,I ' 

. hydride to coordinate,•.,,1th •~:·,tr:on~i;:at:om:•c{r t1i~,.s~lv~n~1;,, ·. 
.. ·, ) ' ',·,, I • '· : ,:·.. ".; •' • • • ·: ,••. i ,·, . 'b .. 

Thus'_.· there .is:•nO ,:c,o~e0,t1on, l)et\v~~ll. .rate/ a.~d. a1,1,e~~r~~ 

QouSiant; .the reaCtiqn le faSi;~- ~k anhidte>u~ benzene· . 
• ,. ... '._,/ ' _·.' ', _·: ·. ' . > ': ..• . . \ 

2.;27), but slow, in .diQx~ne; (D.~ 2iio)):; sintle. diOX.a#e> ~as. · 
-· !;~l)·.· .. ~·: 

· An inert solvent does· slow up. the normal. reaction by . 
• ' • • -· • " t •••• ,, •• ) - ' \ 

dilution and in some. ooaee Wbere 'the ~or;Ltll, reaction is,· ·: '. 
' • • \ . - • ''. '. ; ' . ' •. . • : '·. ,', ' . ;· ' ' • : i ,, • . • ' 

rapid•· .tJle abnorra.al; reaation mar be. favored by d1lµ-ting'~ · ·· 
' ,. . . ' ' . . . ' ,,· . . ' ' : . ' 

with suoli a solvent., beoause•,tlle E,:tbnorma.1.· reao.tion is a . • 
. .. ' . '· ! ' ' ., 

ohain meohanism ~f~ctt1d .b, dilttti,ont: ··_ such .a oas~ is 

that· ot. the addition of, hydtoe;en bromide to bu.tyne~2 (?O)-~··. 
• .·- .• •• '·•, C/ ,< 

· The normal x-eact19r1-: is near:Ly/~f)mplete in two. ho~s at 
, 4 • , 1 \ \/· I .~ , , : 

o0o,.. Alth.ou~h ·the abnorm&l: ~~~tio,~'.·~11 n9t. elirq.:nated~-

. it bEioom8s ~Ol'a, promitlent; tlPtlU dituti~rj. ~tb. ~.n ine;~ sol• 

vent such .·~:s ·,pentane,, ' Ano:tn'~~/ ex~mple ot. thls ~i+ution . 

. effect' is; ~he case Ot StyrEln~, (35}t· Ill, ~l)s8n<>e •.• ot \l sol>- .·. 

vent,.·· .hydroSan bromide• adds. rap1dli b:r, ntirmal.'.. adCU,.tionj:· 
• 1 , , , ', • . °; .. · ., . ' ''' :. ' •- ·, ' , ' ' ' • ~· '' •i ' ! , .. _ ' . · ' . 

·a .. maxim.um'y1elit,ot '?Jo• ot·:tll.$: .. a.bn~r~l· .. add.1'.ti()tf is; obtainable · 



1n-- the preseno,e' , of,, peroxides~:: , :aowef ~t ., in a, ,dilute , solu ~ion 
r . ' . . ,if 

,' ' 

'of. styrene' in pentane~:: 'a ,eo.~ ylel<11;·cS:r:,:th~'~iijbnor.ma,i,z,rodµ.c,t.'. 
I , 

p .-.p~enyl ,; ethyl' b:romid.e t; mat :be . ob~a1ned} ~11 1th:e, :presence ot 
peroxides •. , The •its.et: thtft dilution slows, thf:l norm.al :~ddi tioii 

and 'does not·~tfeot•,the'abnormal ~<iditi.ori .,iii tfiken, b1 
,Kliarasolt ,(l5f to mean that ·tb.e :normal ;'"addi't'.fon fs an: t·()nic 

, ) 

~eao'tion while.•'abn:ormal :add.itibn·£s··a .free-radical re!totipn 
with' a aha.in. m.echanisnt,., propo,sed · as. :f,oll:.ovtsr : , 

' ,, . ' . . ·• 

HBr + Os, (or per<>xi4~,J -. Ii :: o r o• + :Br• 
' ' • ', ' 'I ' > • • I • •~ . •• : • • I •~ •• 

H li 
H 1 0 · :: 0 : , Br .; •·• .. • .::~;~' + 

. R R 
• • •• 1 •• .+ , :'fBr • ,......,., B : : 9. : (} I 0.1.· : •• ~. B.:c •• 

·,·:,:.' ,, 

The d;ifferen.ce between ni>l'mal a~ciabn~iijd\litionthere:..• 
tci- ;i~ ,{,.b.e ditie~ell~e. ~etwee~ 't~$ . ;e~~ti.~n of a. btomid Q;!,q).'l ' .. 

' • " I ', , •. ; ' '. ': ' ,: ,;, . '. ''' ' , ' ·, '. ' . ,· : ·,' ': . ' . '· .. ' . '·: ..• , ... , l ,' • ;\:: ' • 

and a b:uomine atom;. , :rhe' peroxide- a.ots: 'as ,~n; initiator,~ 
Fre~ radical,s• formed tr<lm. P~t:1xi'.il~~'or O~~r soJoes.i .: • 

~Y aJ. ~o s1;art 
0

or terminate a stl'i'~~e · poJ.i,mer~ 't1on obaiJI. 
· (48) ~-.·.Bi employ1hg ~-brotl!Q ~erizosrl J_jer~~ae· ai!d o~or~~ · 

' ,,,.:·· ;: ·.. - . ; ' . . ;'' .. . ,, ;·. ' . 

. aoetyl P!-'ronde,',~i.'oe, ,· Kell and ~eb,s,' {49f~ have :Csnown -that;,· 

the\ieroxide Used ~o lnttiat~ a Po11m,~1fa1~1on. chain ,meaz,s 
' ; . f: . ••}; .. •' • ,:r;•• -• . • i: V 

as a part>ot the polymer .. , In'• thEl :poiyme:rization ot tndene• ,' · 
Whichis similar to ~tn-ene~ usi~;~iand.o-chloro benzo11 
pero~ide as oata.ly-st, ,Breitenbf;toh a.na. Bremer (96) a~so. tound 
the catalyst residues 1.n the poly.me~~-" Bartlett and. Altschu.l 

.'• 



. ' 

(97) -found that· 1n. ·the polymerizatfokl· ot: ·allYl acetate· 

using be~oyl paroxide·as· catalyst;•···tn.e' ben.zoyl group is 
' , 'i. '. 

" ' ·, : '.' 

taken into the polr,mer as __ the end,· ~OttPir Kolth~ft and. 
Dale (501 have studied. the en1ulsi.on :polymerization of• 

• • ' " f 

styrene 'With· a persul.tate (la talyst. I Thits ,-\,~italyst -pro• 
' •. ' ; 

duoes tree tadioals to· ::1tart the chain ·.mechan1sm. (5l) •-:-' 
bu.t in th.1;1 presenoe ot OX,g8l1 th&t,it; illi JnduO:tiOn period · 

. '.. 4 

during which no ;polsrmeriiation_ te.kes placti.'. 1l'b1s u~ ex-. -

plained by. a reaction between ·oxygen and. tht1.r ~tree. rad1_oals, 
, ' ' , t 

trom the persultate _and styrene mix· to : to:rm peroxides.·,, 

When the . pxygen is used up,.( then the :peroxides :.-act as-

oatalysts tor the: polt•1iat1on .• e.:• Bovet a.nd. Kolthoff (52). 

have a.o.tually isolated an explosive peroxide polymer· -trom\ .. 
the styrene emulsion polpm.erizat1on. .mix which t.s· thought 

to be:··. 

(• 0 • , 0 • 052 ~- CB • 0 .,... 0 ~--- .O:Ba _ • OR •) _ · . --
. ' ·.·: , i I n ' . gJ ' 

Peroxides can be used as Qtt tal1st~ ln several polymeriza- ·' :· 
tion reac.tions. suoh as polyme1:ization .ot olefins with 

sulfur dioxide (53)(54) and. ~.il1l acetate (55)· .• , 

Peroxides, either natural or added, .are also catalysts 
for a .number ot other reactions. ,Sodium bisulphite adds 

to olefins abnormally- under the·s.ntluenoe of peroxides_(56)J 
there is no normal reaction under any cond.itiona. Thio-
glycolio aoid add$ to styrene and !sobutylene abnormally 
wh,n peroxide catalysed (57) l there ,is no .norin.al reaction •. 



Me~oaptans add )t'bno~mallf : to ~:L·e.:t:ins ;,ti,~n pergxide . catalysed t. 
', '. ' I ,·!' · . .- '.' ,' ,, , ,, ··, ' ' . , ,:,: . . ·, .. ·. '\ ··;·-:,· , ,,'c. . ·.-· ,, .·•. . • 

normally Wh.en sutlu.r Q~ taltsed : (.$~l~ ·. · 'JU1 Qi<t .. sampl~: '. ot : •. 
'· •. ·· ' ' ',' .·,··, .. ," . " ' ·. ' ' ', ..... ·· "·,, ·,· '\. ' ',: '' . ' ' '., '' 

oyolohexene :shows str~ng .pe,oxi~~ .p~op;e~ti~$. :~p.d. ~ea<,ts 
" ; ' ' . . . ,· . . ' . ' . . .' .. ' .. ,. ·- ,, . . :. . : 

w1 ~:11. rsulli\tr.yl,. ollloride to .. ~dd; .~. ,.mo+et,U)..e:, _of,'·'.ohl.e>r.~ne, at 

th.e i 4ouble :.bond (?8) ., :,tdl.ile. freshlt dist~:tl~d c7cl.011exene 

under ~11,tioxid.ant oond1ti()ns. does not :r~aot. : .·,:Allr,l. ·~ltl.O• 
· · behavtor , .... · , . . . · ·. · 

r.1d$ $bows. simi.1ar:,(r t , oc ..,brO!i'lQ ~arboxyl:1 C ; ester .. '.adds to ... . ' 

oletins .under pero'A~de opnditions;:(59)~, .,!£nihalometbanes 

and ·oarbon,. tetrabr~mide add to .oletins .in .. the ,p:tesenoe ot .. 
peroxides .(60)(61). In tb.e.:last several .. r-eactions .ment;on• . 
ed; the reaction '.is. starte" by .. :-decom.positio~ .. · ot the per~ 

oxide, forming a tree. radical ass , 

R· + Br : R1 ----=> R s .:ar .. + - .·111 
' , . ' 

'i 

B. H 
.l\i ··+ HO = CH 

,<W B '" H:· 
3) 'Rf-. 0 •OB 

•. H ·. 

As 'mentioned above, 'the peroxide ·1n1.tiateti the ·tree.'~adio,al · 
\ ••. I ., l • • • > t ,I 

chain by deoompo~:1.ns into t;r:e~ 'radicals itsalt._ Rust, .. 
' ! • ; ' ' ' ,· ·, \ • .\ .: 1•, . ' i ' ' . ·, ·, ', ... ' ' ' ·. . . : 4-

Sen bold and Vaughan (63). have :represented.the decomposition 
Of a tertiary alkyl peroxid$ as, 

. OH3 . . · . . •. c:a:5 . -
: CB30 ~. O· • q :., ·C OH:, . 

· C~ . OH3· .-. 

OB3 .. . <.m:~o 1·· o •• ""oaz .. > 

., I 
,1 ·' 



GeQrge and Wu~h .. <(:64)· pos~1tle~ea:·.th$'·ttrsti break .as· oocur-

11'.lS, between.-th1f oxysen ·ato.m.: tollov1¥ ;l)y:.splitt1ns·iat .. the. 
. ' ~-

weakest bond· of thE3• .. a-o · atom other:. than,: .th.e o-o. bo~d• : 'l!he 

tree ~a4ioal.t.hus produoed then•init1atestbe• reaot1on•1n . . 

qu~stion. ·- · •. , ... 

. . •· A peroxide ot·· ·oct~b.1<1.roanthraoehe. has :been lsola ~eel· 

. by llook·1and· Lari$ {99) bY," Sheking :wlth oxygen> until uptake 
, ., 

had stoppe~. · . In this -- case,'.· ~Uumin~tlon<·-wL· th ··.a~ .1haande$ .... 

cent or n1ei•curr vap()r · ·lefup .caused ,deoo.m~osits.onf .: Winda11s 
. . 

(l0O) · obtainea.:: a> peroxtde :.of .. ergosterol' and. proposed-. tbe - "' 
. . 

structure .I belovt, while :Fieser (101) proposed the struo-. 
ture.<£:t, below& · 

1C9H17 
(.) . 

I 

f.triebs found, that the methyl · ester ot eleostear10· 

acid is immediately- iimerised. to a. peroxide bJ: moleo~ar 
' ' • !' ·, 

o?CY'g~n.J Without :~ ··; soiv:ent~; ·this .dimeriO:•Pero~:tde· is :r·orm-. 
ed ot two moles ot: oxygen'. and two acid o~iil.S, while 1n 

acetone s~~u.t~-~n~. -~11l1 a .mo~omer~o Ptroxide· is formed, since 
1 t would precipt.ta. te d1mer1o or larger,. · Methy'i :rici~ena t~ _. · 

' e •' 

in aoetone absorbs more than two atoms ot oxygen per mole 
. : ... : "'r. 

ot ester in the same way. Franke and. ·Jereb.el .(103)' showed 

that oleio, linolenic and rio1nolelc acids absorb.oxygen. 



t\nd •:'tn,. results: indi.c.atb:' thttt.!-ilno1f ,roriltedi · th$- peroxides, :; 
then deoonip:ose . to a.-hy'droxy, keton~s, · .I · •. 

. ,. ·-; . 

·; •, : , ·T.homson (.esl shook: tr'iitethy'l ._..,~tttl.ene . v11th e.ir. ·and · 

fo.und,.. t!)4·t;:: ~t ,save,. a .J1tr,ong) pt:,roxide-:•tes.t '~t1Fpotass1um. 
! ' , ' • • • • • ;, 

iodide •. )\.tter allowing: to.,,set. :overntght,1 ·a .. precipita:te · 
! • ' • 'J'',· I • le • •• : • ·:; .·: 

' \ ,, . 

ot •iodoto:rm :Wa$ formed., .-1.te ,bel.ievt:td:_the )Stru.ctur~.· .. ot ·.the 
'• '!" . 'j •· -. ·,, • 

, .. Ql15 i QH5 i , 
-OB3 ·• o. • o .. B . o b 

' ~· ; 

A. simile~ str~otur~ ta g)~ve11 by Alb~s and sobmidt. ,(,66) 

to' the ;;roxide t6rmed • bt ~,o~~, a-AU \'/lien ei~os~d t~ ' 
4 • •• ! \ ' . ' - ' ,. 

the air. ; 'In this cas~, · the peroxid.e values closely toilov, 
•·'. 

the oxygen uptake, : '?here is an apparent eq¢l1brium her'e 
between . a. monomer1o· and 'iumeric peroxide as t 

Ol:13 • OH • 0 .,.. OH • OH • ,Ao . . Q¾ ,~ OH • OH • OB: • OH • Aa 
I I ,, 

.. o .... • 0 < I · · 1 ':· 

Q: .::0 

Ac, ~- Oll, OR -.,, CH,• OH .,, 01{3 
. ,:,x::: Y. i 47~ ·_ ( , ., 

·,· 

Maohu :in his book_::~asseietott :pef~X,tl 1 Uil<l: 418•:, :Pe,:verb1JidUXlgen11.·, 
' , . :, ' '; . ' ' 

reports the V/03:k of se,er,il, · authors' on'.p~roxldas,.i.· ·ror·, ' .. 
example,. 'E~er (.67J'.··tound _thf=lt.·~ t»in1eth1;· •thy;lene,. hexylelle, 

' . 

styrol,. otclopentod1en and 
18.llyl compounds. take .up ox:v;ge~ .; 

to· give a. peroxide :reaotion., the per~id~ _t.hus tormed. 1 can 

decompose ldth the formation ot further. oxi,dat1on products. 
'The structure ot these p~rox1des 1£:J._.similar -to :the monomeric 
cyclic strµcture a'bove ... Engler and Frankenstein (68) reported 

~1~. 



that t.ul vf;>ne, '. rnethy:l d:1henyl :,ftU/1-eri~: :antf: ttuftlifl ~tt,.12 ; tul vane 

torm an, ·ex.p:io.&:Lve,,; oolorle$.s: diper:ot1«,.:. ,, Standinger, (69.) 
. . :, 

:reported .d1pllenyl. eteyl.ell.e t.or.ma a11,a(f19;phoils,,; ;white•'. weak• 
11 ·:explosive; and ·J.rl.~hlY:r·polym.erl'sed.i '.~ttiroxid:e·ion : exp·osure ·. 
to :11ght end• oxy-sen., ; . This ~erox:tdef qu~nt.i.tatitely:.:deQ.?rn.poses 

to benzopltenone and· tormalde.~de: ~men· ne~ tedj · ; , <· ::- 1 • 

1 .: •,'··, ·.Jotlllg,.·1 ,rogtJ<:and If!~u,ilau~a. :·{40)(28) :•nave·:',rf)]).ortJ,<l :the· 

ally-i i,:and :phenrl acetylene$ f :i ei tlU!l-:· mono or:: dit substitutedt 
• • I . ',. ' 

form ,,1>eroxidesf '·iBtU;yJ{:atletyl.ene: was·::all6-we<l.to .·~or.mi a ·\ .. , ; · 
' . , 

peroxide .. tor 1 ·several. .: ,vee*s, 1an.d : tij.ijti-·: '1ariri'ed to : deo-c,mposa: · ? 

the: petoXid;f JliOJll the ViSoo~fJ l'.ar>~t()ry'iit\luia,obi:atn~ . •.• · · · 
Sd ~· , tnet were :atii ~' ~o : uout$ • ~al.(n'io ·: a¢1id • whioh 1.ndio; ~ed. · · 

' • ,,, I ' • • • • ' • ' ' '., • • '; I ! /" ') l _: • : ',. J'' : ': . ,· ,. iJ;. ' : 1' / L / j • • . ' :.", 

e: oyclio strt:tctuzre ot 'the 1;ype' g1ve1f above•';·. . , ', · 
' ·' ' •'' .. _- . ': .. \ . ,i ' ~· { 1.; ' . . ' ;_ ' ... . .. '. T .' ; ' :, :, I • ,~ • 

. · · Jaoquema~n; (79:>, whe~ ·ne: ~xperLenoedJ ~it:Cioul. ty 1n 
' ' . 

obtaining a bitert1ary 4101 1 derivat11'EJ ot acetone alcohol~· · 
studied the··-oxygen uptake··ot ··2,4 .. d1m~thy1,•l:,3•Pentad1ene,, ·· 
The speed. ot tbis rea.otion depends upon .. thtf t·atrlerature. and 

density of illumination in ultra'11olet :lisnt;···the reaction 

is autooatalytio and i'e poorly influenced by'-· pressu.re~ · In 

d~kne.ssp there i's no oiygen;,upta~~ whil'e'..in ti.ltraviolet· 
ligb.t·, , there is a soi· oxygen uptake• based, on: ohe~ mole· oxy-

gen per· mole of di.'ene at 40°0. ·. Th.a t~oo.m.plateness: ot, oxy-
gen· uptake, is ~Pl,f:11ned by ·p9stulat.iori · ot a dissociable 

compound ... ,The peroxide is '8X:plosive ·and ~ou.ld ·not be pur1• 

tied bl' distillation; the' author. g1V$S 'the', toll.owing' tor1nula:' 
oa:3 oa:; . 

OB3,' • 0 • OiI ~== C - Olia o~, a dimer .•.. ot ,this compound .. · .. .. I . · . .I o----·o . 
. ,.15,-



: :·.: ... · zeitnski3 · ana/Bor:tssow>·( 711 ::a~•iju~!'bea:.a., ·peroxide-: 

ot,.·crolohexene: and'. gave;·it a.: oyoJJ.o struqture. ··as-; 

, : i: ; . l 

!. ':,i ;, . 

;, .! 

.Hock 1 ( 72) ·:in, a.,br1ef; review~ ,:df3$~rlbes·. th.e•,:p1,eperat!.on1 :. , 

proper ti es'. :bf:: ,:pur~ i,peroxideir. ·.: ,: Ba "inol\l.ctes -~ ". .PElrox:tde : of·· 
' ,,: ' ':' 

tetr$;in ~nd· cfoloh~~lltf ;,.t.ion :'V~EIJ:Obt~l.'~ned-.Jn('J8% :y.ield . 

ins- a 'purity.-o,t .97~~ )1,. :P,: oa :,50~ .... <off,tlle. b~~;s. ot .tta: .. ·:. 
·decomposit1on:~,1tn' ll2.so4·.:~nd sodi~: bt~Qxlde~ .,.he· attri• 

,1 , , ,' . , ,' l fl 

but es both .. ~n open ~lld 1 -cyol,.1o· _torfu . ~t· c,xyg·,n· ·~tta~bment• 

Ol;-1egee~ filz an4 ~rsal'e ( 'l:S} l)rSpai-ed the ~ame Cf()lo.- ·• 

hexene .. peroxide: by· Shaking cyalohex~e 1?, & qu.artz. flask , 

a_t 35o .. 1ri _the light ot a merc~r lamp tor, ot4y.,.24 ho~s-. . 

(Hock took. 200 hours) ,:·in order t,o !n,t.j;>11ove the.: pur~-ty~ , .. 

It wae turther puritied by. 4i~~il1ation tvt. 01t :.-fmm. but 
. . . 

even the beat product· was nott:absolu.tely_ pure •beoe.use; of . 
• . '. ' '·- '', ,;_, •' ,:i.' . ·,· • . . . . • . ... 

rapid · po;ymeriza tion.. :'?!181 wert, a1?1e t,;o . prepare. peroxide$ 

ot -oy~lope11tane· a.na..'1-methyl: oyolohexeneff<· .oc~p:tnene •. · :. , .. 

oam.pnene, and !~heptane; abso~" OXYJ!en ~oo, slowly-: t~ -ieO• 

late a. pe:roxideJ l•ethoxy cyclohexene takes .. ·up oXfsen:· 

rapidly' but, tll~ peroxide .. dQCOm.po:se't~t te>o iapidly : to be 

isolated.:. Orheee~ .;,t.~. !!!~••.~• /$av~ 1me fotmql~~ tor. t)lis 
peroxi.de, a~; 

' . . 



·,; .t.. :_ ; ' : 

. i.i.: · .. Acids : g1ve •, . .u~u;tq.re: ot~ .tllliol:s:·~:··1t11oaa·: tp:r.tp:a.tion. is. · 
.,, \ ' ' . , . ' ·. . . '• ,.,,:·.' :·. 

· ·:expla1n$d:::~eet: b;·Ltlycl~Etti<>~:•Ot:: >tfi~;oxide··t:~r.med. b1· -o~ygen 

OH,;~0H2•onoa 
bas~vn -61101i 

.·on.: 
~• Oonoen~rated aikal:tes s~VEk_2.+ctc+·o11;exa,ol tr.~duot1on_ 

;· ' ::·• ':, ;, / ·•: r .,i ,' ,, -~ '1. H 1, ' ";, \ .;: i 11 •L' ::'· ; __ ,; ·,:,_ -,~ 1.!;.: ) ;·'._:_, . . 1 
1 i: ,'-~~ ~. t : , ·,,' l, ; IJ·: ,,l_ •' :,. :· 

pro-duet). and a. mi,;tur·.• oit:·acida_ to.x1c1ai10:~ produot$) \ 111 . 

;~o~the ~--bt~o#~Oid·;·~a'?~~t~~~·. ·_.·3;:;·· ~-t::~dds ·: ... 
t,. ( / ',· , ;, f ' , • , r'. _- , ·, \ , t ." ., I , _;. : . , "" 4. ; : · ,· f! ,· :: ,: ~- ~- •; · ; • , J. ; • :: • ·: \ ", ;. .; '.. t .,, ,' . \' , 1 \ 

h1d.r·ogen. evolvtllt· .·:909'· o~ the: t~eor:e:t1Qal'. ·amount, 'ot niethane 

~a~ea ~n abO'rj t~~~•i o~l' ··~f it:.~~e>t~ Wit~ •· 
' ' , ·• i · _'.':' '.,:. ' ·'. , . ·_, '.· , .. ,., ;, '_'· .. ·c .(, • .. ,; \J .. ' .· -: : , ·;· _·. ,•. ,. 1 , ._, ,: ~- •• ·:~ ,,... , 

of h,eat an4 _11.bera;i'o.~ ot:. pxy-een;. a. ;eac,tto,11. ·.s;van o_n;i.r .... 
f ' ·: ' 

~Y a,: ~~operoxide; ~•: !he 1Uolect11ar . r~traotio;ns: a.~~e• 
better tor a hydroperoxi,de atr11oture· tb:an for a.nottter,. · 
I . ' '~- '' , t '. • I ' • ', ' . '. • ... · ; ; ' ' . ' \ , • • • ,' > ·, ., • ,t- ~• ', I I 

~o.k,, in a J.a'ter. pap~r . (7~) , . agrees w~ th ;~h~ .. hy-a.:rop_eroxld~ 
structure. 
, ·1 .; • ' . ,- .,, • ' 

.. J:~ ~nglanet, ;B'a:tr,ntl\_has done ,1:tensiye worki on. ,~e 

strµc.tur~ of .these pero:x:19,ea .. and the. meo~ani,sm ,of. auto : .. .· .· ,• ... '", .• ' ', 

o:Jtidation Qf ol~tins,, ~d. some : oJ hieL 1.deas. r;tnd s~a t.e:-

¥1-~nts, a;-e: in ordel!' here.. . Ill. auto: j):,t;idation, there is .. 
; ,., . ' . ! ' ' ' . . ' 

11 ttla, doU.b~ as tp, the, fe>rm.~t:ton of. pero,r;ide groups .. as :the 

first $ta.ge~ al.tllough only a ·sm.alf f:U'nount :Of the peroxides 

.may remain at the end •l '15) • . J!uch••· of the ~rl~e:r 1.1terature 
,. 

on the su.bjeot folloW$.tpe: ~er-Both idea that the pertn:ide 
-17 ... 



. formed., i~f, tlia -:cyO~ic.: .t~;rbli.'i1te.~ l;lftioy_~i· C. B*t~ this ,.vi~w ·1 .•: •• • 
' ,, .- I-' ~- ;: ' ',.,i· ,I ; : : • 

oe.:nnot : be :jna1:~:ts tiled., .;:be oa t1.se . :the (di>sappear.a-11:oe : ot. un~ : 
,·1 ;'-I• ,,' ,,, ' ' 

saturat1o.n ,r~rely.:keeps, pa.ca ,,w1ttv the _] .. ncorpo~a,tion :qf·,_: . . t' 1) · f) ;, · .... · .·. , , . ; . < 

o,~sen, _ ,:cu tltough <.it .:is ,:.l,essened- -d~/f'. tQ rseooxidar3'. -:reac,tion 
I :: ,' . • 

' . . 

an.d .:in i,aJ..l ,.unco:n.jugated:. Qietin.1<, .. sy:stenis · examin~d ·:by ; · \. , . , 

Farmer, 1tl1.a oxygen ·appeettJ .,,_to .. ent(¢: at; th& metey1ep.j~c: .. 
' , > • • ;1,1,• ' ' > > .i, ~. • ' C • ;i, ' .• 

c~rbon. :1n: the .. a~p,oaitt1Qij, io:~th~_·<louble. ·bond :>e.~d:. torms : · 
t ,, • . , • ' " ' ' • • ,' . • •: :. I 

hydrc,peroxides, ·Abso2r;pt1on; 1is ·pr'om<Jtea.,.·by·. sunlight :03:' ! 

u.l'tff,\ vi'olti't: l:Lgb.t. :artt-·bj .h~erouli·.ohemioal _icatalyst·s •. i, ·., 
\ ' ' . ; . 

The' tiydroper.oxidea: &l's ,'Oomptif~tiv~lt unstable·: ~ncl:.easily 
decoh1po.se; :at }elevated ,tijm]?EU:tl~ttr'e~• :b,y-· -~r.o,iortged ·111um1na~ 

t1Qn· 'f:U"1d >i:ir' the ·pr_eifenoe \,t: ce~tain · ohamtcal ·oatalys~s ··· .... ·: 
" • i 

Su(ll:i l!lS 11-dll Salts 0: · S~11Ell'~l <1tave b,~n lsQiri t~ i. o • 
• ' ' ·• ' • . ' , I, ,' "'\ ' ' 

hydroperoxides ot -·cyqlohaxe:nei l~m.ethy-l ~cyolo.b.Ea:ene•. 1,2. 
di.methyl :oyolohexen~, and methyl olsate.:can ~e. obtained. 

by traction.al ·a1at:tll.at1on .'at· ~ea:u.ced pressure •. · "Experi.-

.r11ents have in.d:tcat~d ·tliat inductive &ttaots·ha.Ye' an- J_m~i 

portant :· et.feet;. in tao~ita.·ting ieaotion ana.: loqatins ··the 
poin~ :ot .:raaiition:1~e, · 01-meteyleni,o, sub~titution ·resf>mbles 

~idS·itiatii ~Ub$t!tu:t10n'~S:th~ tb.all-!iUQl¢ir nubstitut$.On~ 
. , 

011Eit' ·vt<llUd: expaot _the···w.echabi~~:to'i'be:·11-~ea .ra·dioal type 

. 1•a.'tlie1~ than .an: 1onio . reaot1on" ... Also there is no. reason : 

Why. :an electropliil.io )~easent SU.Oh as oxsrsex1 sllou.ld' a·ttaok 

i;lie 01-c when there 11:1 a hither elt~tr0tld:erlsity ~t the 
' ,:· . ' ' 

double 'bond• . 'rlie 0.-lI bond has .a lovt resonance ener_gy and. 

according td Waters ('16), this increases : ·s:rmet:rioal or .free• 
radical sepet'ation" W.b.ioh should b&.g~eatest 1n·a media ot 

•l8~ 



l.ow dieleotrio ,oonst~li>t;~.:t/._JJe:r.taill ,o;rol1:~ 41.e;n,es, ... nQ.t1 ,· , , . 

.. .. ,c;, add~ .t~r~~llall;~ bu, ~rq!)a~lY, • ' ' 
oWing to the. paratn.ag~~t1oi ch~r~;~-t;er, t:lf;. otrsen.• ti~d., ~~silr . ~· ·, ·.' ,, ', l .• 1 t ··1 , ,,, ',' J '. 1· •,' . ,'· : , ' ' ~· •. •, \ 1 

• • ' •• -... •• • ••• • •• • • 

~.sswned . ~r.ee .ra~io,al p.ll!3,s. o_t t.h~.: cJ.1~~~,; · ih~: add~t1on: is. 
,I ,, · ,• • f ] , · ., , , .; , , ,I , , ,. ' ' '/ • ' , • ' : .. ' 7 • • ' • ' 

free radical and not, 1on1.ci r , ,. . ,, ,) . _: I . ' : . ' :.l . ,.: ' } . ; : r '•, ... ,· ' •• ·:. ,' • ~- ••• '.< ••• '~· .<. . .. ,.:' t ' 
. . . . . . ' 

\ ,:: "' \ ,,,, .. 

,, ' ,. . -· . 

The addition . depends, on. the abili tY-·i oti: the. $:thyiento . ~om.-.,.·,:; ·J '\ ,._ r '/ ":•.' •' J;. :':.,, :·~;f, .. J_, I!:,! I'(,'< : ~- :•.::' •,-_·,_ ,,,

1 
.. ,:,._,_·· '-'~· ,':, .'·' ·:,: .. : ,·,.,, , , ', •.; ., ': • 

~0~4·;·.~~ 1 fotm:·~tu~~·:~~~~~; ,'t;i#,1~t ~~d':tb.,~.~ faa.e.· iw!t~.j1~;Q.t\. , :.: 
'• ":' .' • , -,~ • I , •: ' ,. • , . • >.' ,\ ... , ·,, .. ,', , ... ·•. .... .' '}. ;,·: ,:·:· ,;.. '. : • .. . ' 

oxygen. c~u~ .·to;rm..: two '~imtu.'iia~~qµs,::bQti~.S\t,' CF?l'hu.s; lt ~ts :not:,·' ' 
•· ;· . :' .•. ·: .. • ..•• ,_: • .. :· "·:·.;:;. !._ : • ·, ., •. ,, , ·, :r : . . . . , ; " . . .. ·• . ·. 
,ea~;1r :a~t),t.unp;~~J;i~~f;' '_:'r}i,;~~'. w.n;~n.··(~ont~~~: ·,nt;> r t,K~rnet~~-
ene. group as. t"U:h:- dipheny-l etllYl~ne, give p~lyme]!i~ peroxides 
t • ' i ' t ' " ;. 

(~'I) •.. 'the .pr1~cipal s,eco1u;ar1 .. ,ea<,tloni: which•. ,~co9w,i~s 
O t ~, 

0 
' ' •, , C ' , ,. ' • • •' O , • ' ' 0 O. :• ' , • 

tor the d.eoom.position. ot pero:d.<J.E)S'. sl1ottly ett,r. th(;ly '~re 
, 1 :, , ' ' , •• '. ' ' '• i ' , ' ' I 

formed• is _ the conve~sion of· the ~001! to -Olf w:tth ·. tha • , · · ' ' : . ' ·" t ' . , . .. ,-

ox.idat1on ot an. adjacent ,double .bond or soma ,:emo·te double 
' ; : • ,' • ' • • • • ' ! 1' - , • c • • - • • • • ' ' ' V '~> • • 

bond, even a double. \l~nd in, anoth~ .moleo~e, often wit~ 
the to:r.ma tion of tr·~e :radicals a~=.- . , 

. . 

~o.d- + :a-o-o· · ----> .-9 , .: o-. · 
.. · · , .• , , ·OOR - . · 

+ RO· 

l?~liaps a better .soh~e, '1s EJimilar , to that Of Hook' ( 74) . tor 
oyclohex~ne peroxidt:. i'.n' the presence ot aoids: 
'~C-C=C -·~ -~C-C=c·- +'~OH~ -C~e-c-· ~' -C-C-C-

l . I . . · \ l. • . · . · .\ I , l 
OOH O· 0 . 0 OH 

.,~_;._,,,n~,· .. 
a~ • ., •r: ; 



);arme~· hai ~.i1asattiea,' :tli't7)atf 'blefizj.fo' ,:p~i:-ox:tdt;,s', on,;· the, :. · · 

basis -·of'.: ·a~et~leni6 ;_;raaottvity:,.'.:(78)1 ·: : .. , ·' ' .. l ,· ·•, ', 

, ; , I ,_- ' ' 

,, ' ' • ' ·,, 

1'yp$.; . 
',:'-- ',· ··, . . : ,';',,. 

l, ' 
'· 

,. , ..... 

\ ... ' 
'·) ' l 

·tt7pe III 

fype i 1fi~1ud~s ~e 11,a¼opef9ifiii)~t·1;ffoh~en~ :,;;)<ao) 
75) •' ·1~2~.-d~e~ll3'i -~1o{011Etten8 · l~.) -~:t~trafan :('13_) -~ ·. · 

t 'I , ' . ' ,.: • ', ' ' : 't :' i. :, ,1 .1 ': ' :;, :·, \ ·, -~ l ., 1 .,· • '1 ', 

fype n includes the 11¥4rol)e;-0X,,dea tf m-. . $lld l~x1ielle. ( 81) , 
o1Jllene te2), t~t.\ bu.t~i n;~opG,..:~id~ (°85) and oth~ au .. 
p~tiO~o~ero~id~s•°(gej., pb.eiv1,'¢.1lnethy-1.·metha~et e.1\d 
dti~eii11 m~tna~e t M> • . ·~ni,_-· 'toiu~~e tienqbproP11eheftt35> · • 

. ' ' ,;• •• ',, , I I• , • _,t' : '" • '~' •: ' • r • 

'ly 1)e III inoludes the unstable mono a~d 41hydroperox1des · 
of di.tlt~~oene. w~~h 1k' 1.he e~le $tv$~ (85). ·. TiPe 

' ' 

lV 1a represented by, r'ubber 8.Ila.: polyisop:rene : (B?l~ type V, 

by 01810 a~id (as),· ln all. tl;lese .\l;ydrOperQldd~s the 1>rig• 
inal doublt b1>nds· ;;.ema1n intact exo~pt when seoonda;ey de- · 
o~mpositlon takes pl\aoe lnvolvins the ~1ll~ati_on ()f. ~ct1ve 



oxygen tor attack· at u.nsatW:ated .. centers,. _This. decomposi~ 

tion .P,:ooeeds s14e by side with 'perox1dation and it is 
' ' 

often almost im.posaible to arrast.t '. making nearly impossible 
; \ . 

the isolation ot pure hydroperoxides~_ . This applies to _ 

mono.oletins. In: cases of oyolio~oOJ13ugatecl :dienes $Uoh : 
•'' 

as terpinene, 2,4-cholestadiene, ergosterol,· dehydroergo• 
sterol, anthraoene, and rubrene. terminal addition ot 
molecular ox,yg~n seems. possible, Eian1e11tloned above (89)• 
Groll, Hearne~ !'.!:•. al-. ( 90) ., Stewart,: ~t.. -!!., , ( 91} and 

Deanesly ( ,2J have shown that °'-.n1ethflenio su~stitution 
partly or ,,holly replaces double bo~4 addition, 

As me~tionecl above/ Farmer tac3>· stated that photo-

c.ttemioal aute>•oxidf.ltion ot methyl oleate takes place at 
',' . ' - . . 

35° to gi;re'a nydroperox1de group alpha to the double 
bond., Rov1ever, Morrell (93) vn-ote t.b.a t th$ peroxide may 

be tor.med at the double bond'and rearranges into ,a ketal~ 
Atherton and lli.lditoh (94) studied the auto-oxidation ot 
this compound and _found that the iodine number decreased 
(formula of Fe.rm_er would, show no ,4eorease), but not so 

' ' 

.m~oh as 1 t would if the bound oxygen were held completely _ 

at the double bond. They- then oxidised. the peroxide form-
ed at 20°ot\_ With powdered RMn04 tn acetone according to 

the ·directions of ~mstrong ~nd Hildi~ch'(95) and separat-
ed the products by distillation to i·obtain tour ·acids, two 
mono basic and two dibas:lo., Su.berie and nonoio acid were 
obtained·for the hydroperoxide g~oup-at Oa and azelaio 



J ,., • ' ,',, . • ,. 

at -011, but the. results 'are jlnoon.o.,;tu~iy~ ,as to;·, the relative 
I . ",·; ;l .' ,//. . ·: . , .. -, :· .. ' . 

. amounts Qt each• ·If· the same JlrOCledu.re ,,a.s :carried out 
.,, f' •• 

at ·l20°c,,'.t~e product ,was mof:ltly azeleio acid* ~th some 

suber1·0 acid. Tb;L S 1.ndica teCFOdmpl~te abseno, :ot hytlro~ 
,'' \ ·' . '. . . ' ' 

peroxide· s~ou.ps .at: Os or ·,011,, .o~idation take,s .. place GXl!lt 

elusively at.the.d°'uble bon4 to3tlowecl,by seoon~arr oxida-. 
tion at other points ain.ce tht: yit'lda wire l,ow. · ~e ;: ,, ,. 

oxida~ion .. at 120° ,is !,«rY J!~Pi~ oom,pared .to. ~qat at; 20°,. 
The results at 20° give another proot•· of .. the structure. 

' . '• ' 

· ot oletinio peroxides as. given b1 Farm~, .. 
. Oli3-( OB2)7-0IJ.Off-( OB2) ,-oooa 

lIOQQ ... (OR~~ ?-~OOOB 

·HOOC•(OH2)a•009:a; 
1 

· OR$•( ~ll2) 6•000H 

oB3-ton2.) 7~ooo.a . 
' ', 

,Oleic Acid. 
Azelaio Acid 
_Sube:r1o. Aoid · 

Oapryl:l.c;. Acid( ootoic) 

·, .. Pel,argonio , Aoid ( Wono1o) 
. :Peroxiil•s .. ·.are ot interest i~ ~he petrolewn indust~Y•. 

' . . . ' 

U.ndoubtedly.,most et t~e WQ:r~ ai,~ng these' l~nes has not: been · 

published and the,us.ual.praotioe is.the a441ng .of anti• 
oxidants to,gasol:lnes·an4 oils which react with·and·remove 

' , 1' l . ' , . , •' 

the 1,>eroxidas •. Ho,vever •. a. tow publica~ions ~Y be mentioned 
here. Pero;ides are tor.med at, intermad1ate produots ot the 

! , - l , ,' • 

oxidation ot petroletUU products (108) •:,,. Tl~e. formation ot 
peroxides -is oon.sid~rably accelerated by light, esp,cially· 

' . ' ', . ,, ·, .. 

u1tra-v1ol~t, storage under nitrogen is not completely et-
• I · •• _ • I • I ; 1 . ! , ' < ' • ' ..-

feotive sinoe it does ·.t1ot ... remove diasol!ed aii-, wh:loh .. :is 

sufficient tor peroxide formatlon (109)·., The susoeptibilit:, 



gaso~;.lle• : Genera.:l~Y.i- 1 
•. ai a.,ec.reate; 1~ .,c,:cta~fl ~qm~e;- J>1 .Pe~Q~~ 

' • 'I' ' '•·, ,,, , • • ••, ,''\ ,.Ill,.,' ' 

ldes·is tound iOnly::when,.the product,,is .stored·: 1.n·'.small :.con-,._ 

tainers due : to: the untavora ble. '.ratio of .· surt&.C.&· to : .. quan~ .. ,. . . : . . . . ·lj,( ,. :. . . . ,, . 

ti-ty, : and, :the· octane ·. number. ~(; ·.synthetic .:t;ueltt can.: be large-
1:-. .( ' . 

iy;restorcad ·by-':·rarilov~! · ot, :l?~,:Jxid.es,>·::By ;:sep~rating: lubri-

oa ting· oil• in ; a· •Fen,ske -colwnn1 .. Denison: {110 l · ·showed tlia t · 

alkyl· ·naphthalenes :.are: r~siFJt~t, to oxy-gen absorpt-:ton•· but 
naphene$. t1f e ~uso'eiiti'blei · P:eroxi'.des: are .a· tu,~damen tal ·part 

. ' 

of .:tlle. oha:tn· reaction 'Of: oxidation· 1o'ff lubricating oils:; 

the concEuitrat1on: seems :to :determine the ;rate :ot oxidation. 

Sulfur "'OOlllpoundS''8Ct' :as ,'1nh1bitors to oxidat:toll ··tilid seam 

to be tile agents responsible tor the stability-·:o:t,,:straight 

miln.eral·'lubriaating oil, 'alth~u.gb. too mu.ch .'sulfur· onuses 

the torniat1or1 .. ·ot· deleterious products by ·o%idation( Organic .. ,' 
.. 

peroxides· d(!termine the. rate ot corrosion· ·of :'bearing' 'metals .. 

,, '., 

by converti11g the, metai · to oxfdes v'.iiiich 'dissolve; by reaction · 
.. , : '.-' ' ' 

1 ·.:..· ,i 

Analx;tioal,Methods_:ro:r_Pe;:oxide~ 
,,. l .', .. , ''i :, ,!,. "- • ''., ' •J \ ' ' I,' 

Many: methOdEf ·ot · analysis folf paroxides are to be· found· 

ili the literatu.1:e, :.·both ,:qu~litative ··and,, qu.anti.t it:tve~·--··· Rook 

and Sohl'eder (112) give a 'method tor·a.~tarmining·peroxides 
in. niotor tuel wh10li consists :ot adding excess ··atannous ohlo• 

ride to the fuel in a carbon dioxid~· atmosphere. · . The exo,ess 
stannous chloride ts titrated v11th. feri-ic chloride with 
indigo oar.mine as 'an l~d~oa tor' tn carbon dioxide·. atmosphere., 

;23; 



Althougb.,i~he'. ·results :are.:;loW, tb;e:·au.thors. believe· ,'.the method 

is : betteJ:t • than -the :ii,on: .. carbonyl ,.ci~ t;tanium. '.trichloride / '" 

met~odsr ·Wllioh · tb.~Y' al'.so iinvestigatedf' · .. '. · < , :• · ,. \ , , 

Perhal)s itne 'most, ;.widely :used', method ·ot··.d;tl~ectlon .of:.-

perox;ides· involves~ the · u·se :of/ .,otassiUffi, 1,odid,r;. : The react inn 

prooeeds· with:_ the .11berat1~n.~t ,fodine•··· ~he_, iodine'.:may. be-

. titra~ed· -with a. standard• solut,ion °0:t sod:1um ;thiosulpha·te, · 

( ll3l ,·.. Marks an¢ Mor:rt?l (l.i4.l : ~i:t~a ted ·exoesl3 iodine )in 
acetic acid. so\u.tion·,f.or: the ,d·eterm.inat!on -ot, peroxides·, 
.. · . ';i ,:·, .. · : , . ' . "•' ·' ,_.'.-':, _.,. e ·1_· •.. ·•· ,;, , .··, , ·;· • .•. :·, ··• ''; :1. . . , . : 

in: l~nseed ;oil, . P~,so•Jllte· :ai;ct. ·v1neel&r:(ll5):, to~d. that a;t 
,( " ( • 1 •• • 

least. EJ.n·, ~ow.- is necessary ·tor, com.pl.ate reactio1,1 ot ·potas-
7 

siurn. iodide ~nd per9~ide" ,.,ot, unsaturttted. :fat :eEJters, es~ 
• , •·. r -, - ,,,.· " 

peoi~lly. for. high ·peroxid·~~- v~~ue.~~f ,· Iiokumura '(116).: :.~howed 
the:t deterra.tnat:lon o~ ·pe;rOJ;id,es:.·ot ~pybean otl. ,by the. 

p~taae~um lodide .n,.ethod g1y~s ditterent: va.iu,ea .. a:epe,ndihg . 
. . . : . . . .. ··, ' ' ' . . . ' . . . .• :. . ' ' . . -. 

on .. tlte ki~d o;. so~vent.s: use.~ _and ,We. presence of j:u)id: ·ccin-
,·.,, 

stituents.. Yamadii (ll7l found· that .the method or· det·erm1n-., · r 
. , . ' " : ·._ : '.'. . .,:_ ' : : ': .. ' : . '. - ' . . , - ' . : ' - ' '!·, .. . . ' . . . ' • •' . , ' • 

1ng ·perox~aes'jbr· liber$t1on ot iodin~ f.rom. potassium iodide 

si-res t.~se -values when' the pero~id.e ,.is<an unsaturated··· 
. ' . 

compound+ . ··some ·o:e•.'·the .1od1n_e is ·added·· at the·· double bond· 

and·. the .amount absorbed. i~ · d.ependent on. the concentration 

ot ipdina·•< since. t~a; add.1 tion c:,t· -iodine $Q a double boJ1,d 
,, , . " " ;· . ',, ' ' ' 

is an equilibriUJn raa<,tiont· : -The addition of: :iodine to the 
' ; ,, .... , 

doubl:e·_ bond ot: an· uns~~lU'at~d: peroxio.e f.ollowins· the lib-
• ·--1 ~. -·. •- ,.; . ; 

eratton ot iodine from potassium .tlodide wat:l also noticed 
'' ' ' ' ,- ' .. , ~. , -:' 1: , '" . i, ,": :_· , _.:. '. ··1 . . ': . . l , · ·. ;;, 

in the• present .,vork/:. -~~iya:-tin · an11 G~.~41.ft, (.118)..- de~oribed 

a. method of measuring' :Peroxi4es· ivi ~h J>?-ta.ssit1m· iodide in· 



the:,presenoa of, ole:tins ~, \t;ea-t1.ns ,t~,·:~.am.p~ei¢t~:·~x~~~~'. 
potased.u.;. 1 iodide in alo~ll.ol: in ... ~he:PX'~i3~nce ,,ot. i. s~turiq., , . 

-M- '' ; • , ' , I•.;.· ' , . " , ' ,, • 

siunt todide:.is, ex.traoted ~'th.t~vatert, o::d.:diseg.'. v1i'.th,1 ter;rio 
alum·,and ·the .lib~ated .. iodtne titrat£1~ witn: •t~n:d.ar.~ phi,t:>• . 

sUlpha·t&·'solu.t'ioni: · They: sar ;thi~ method is: .E,l·PPli<Sab~,e" to 
' ' ' .. '"' ' ' ' "" ' 

the· de·tetmbiation, ot: peroxid'e.tf 1-n gasoline.,.:·· : < • :.- .. 

·· :. ·. Kem.p:r•::(ll9t·tJ.aEr re1>0:r.ted, aiqttal:ttatfve ·.tes.t tor per-. 
,, ' ' ' ·, . ,,..",. ·.· ; 

oxides,<,J-'\ipr&?1p1tate'cf as,·11tt1e-:r1s 0;,001 ·~ lead-: sul-

•tide ;on gele.t~ne papai'·'O:f/'t1!1~1eset\ white po:ocelain ,is ·· 

bleaiched ,b7 o.•-0005 · ms eyo.:rog'en ·perd~ide ·ior ·o:ther peroxides 
' ' 

·by ox:t.d.at:ton ·:to' lead' ::su.lpllat:e.~:··>- Prat~si·· and O'elt,g.bin1 (120) 
. , . 

:ri'eport:ed that ·2 • a~bis~t-"21i.;.a.1meth11•N-»Y:ttol) ~3 • 6--41bromo 

b.ydroquinone ((H>lor~ess)' ·;ts j oxidized to<an :intense,·\blue' 
qU:inon~ 'ili. orgari1o ·solverits 'by·,.p$;roxide,f , and · the:r b.ave· Use~, .. 

'this t~st·:t~'dete~1t''Peroxides;·1
' ' •• : ., ' 

1 
' . \, , • ~ak:awa . (l2ll 1:r~po'rted : t"he ': d;etarmination: o:e . peroxidarf .' _: ,l 

• '\ I,', . ' < h • 

I 

bi meruis 'ot ·mUk 'perox!dets$.i ,' Poggi-' (l.22) derio1nposed :1oar-: 
bdxt pe~oxictes ';wi.th · :silltario .' aoid, and; determined/ both.. oxysen 

'and. 'carbon dioxide·: in th~ ·; exoived ga:s to ,· ge't: two 'determina- ' 

tions. simuitanously '. from, the ·sam.e·.: sam.pl'e~: · Gutmann (125) 

,:reportedJ~bdium'.·aril'enit~ •:ie·a(jts with qu.aar'avalent·:bound 
\,oxygeii (~e~oxides:)' ~<: sUlfUll (p~rauitid$S anc.r po·lysult1des) 

' " 

and: qu1nqci.iv~len1f -nitrogt3n'· 1il :· azo ;t,omptiunas·, 'Rupp ·and 

S1ebl~r (124)< t:reated :p;ero:tide~ ·.,ftli arsenic! trioxide· and: 
t1 trated; ;th~: ex~~ss wfth: potassiuni 'b~0m~te':.soiutioll to 

, ' .. ' 

measure the perox:ides·.'' .?!h~y• sai'. hv~se soi~tic>ns are more 
:··;.25.-



stable . than. ~h.e., '.thiosµ.lptiate. ~n~t _i,odinitr =.solutions, senerally ,. . ' . . t ; ', . . , . ', ' ,,_ '' ' ''· ', . ., . ,, ., . i ) ' • • "· ' ·: ' ·' • .• . ' • 

. · ~~~d•: \_ J~i~p.s~e<;it_,q.~~}-.. de~9rlb~d :tlle-~reao-t:to;11r·: ot,_ peroxides 
w~th :merou.~y-1 , ~oppe;- .• a:P,.tl' i~on _ 9~rbonyl; and·--·the :use:. of the 

' .·• "'1' '• . . - " 

.latt~r _· in meas\lfing :,,peroxides. , \;Calo:: end)Muntoni '. (136) 're-
•. c:,~r.nmend. titt1noq.s • sulphate :for the deterni:triatlon: of '-peroxides. 

J> 1Es1:e. tl27): -dese:ribe_d -.. a: gasometrio ·method· for ,;th& :daterm- · 
• • .. , : • ". , , I,. , • : \ ' : , , ' , • . , • . ' ; , ,, . 1- . , ' , ; , 

.1~t~~n pt .:pe;oxides .dePeridins::on the .:oxidation: ot· hydrnzine 
' • • ,''• • " • ' I' • 

~«? p.;trog~n,•: _, ;ouns,: Vogt.- :~n4 :_N~euwland<(28) (128) ·des9r:l:bed 

,, ;m.e~h~d for t:he '4et_e;'mi~at1on, :.of: . peroxides, -~ased . on the· 

_oxidation. of ferrous: sul_phate in ;t.he.'presenoe 1 of::tunmoniwn 
' '. ' , '. ' . ; ; . . : '.~ . . ' . . . . . .,, . ._ ·.. ' . ,: ' ... 

. thio9yanate ·1n, absolu.te J.p.ethy~ alcohol. , Rostovtseva ,,(12-9·) .~ . ' . . , , . '. '. ' . . /~ ' ' . . ., . . . 

de;ec:ted pero,cidea·.b:r. add.t_:ng,iaot1nsulton:to.'. acid ·:ana· back 
, • , : : : ' ,. ' : • - ; ' • ·. 1·· . • . ,' ; \ ' .- Q . . • ·_, • ' . ,. 

titrating tha :exc~ss,-:~1.th pot.a~siumpe:rmnnga:,;iat~., \iiflller 
\ . ,, 1. : . ... ' ·. '· ,, . ', . ' ' . '. ' 1 • 

an~ ~enne1s (1'30), b~i'r'~ ·:·pptassium Pe:t'metngana.te, ·solution 

~s; 1Juitable ,1:~ ti~ra;te ,J1faJ:tog~n pex-o~i~e, .but ·te~rous,·sul~_· 
,ph'"~e,_ :~tann~~~ ?hloride• . chr~mict acid• and·· perohlo·ric -aoid 

i ·: 'f 

· '!'.he poltll'()graphio · method, f_or: W1alysis ,was invented · 

s_evel!al years _ago by J~roslt=tV ·.Beyrovsey ap.d shortly attar-· 
;I ,1' 1 • 1· : •, ,,',•,,'''I', ' I,,;,','•, . I' , • 

wardt: Re~oyaky ant ,1n~ente~- the .pol~r.ograph, (131), 
I \,.; ' ' ' ' • ,.. , •• , • • • • ' 

an autom/3 tic ipstr~en~: W:b;Ch ~~o.ords dropping _el.eo~rode . · 
I " ' ' ' • ;' • '• ' '• .. , • • ,. • • ,' : \ 

ourr~nt:-voltage Otll'V~~, _ ora1l._ed_._ polarograms •. · T11e develop- · 
:, • ' ' • ; -, I • •,: • ) , • ' • ' ; 1 : • ', ,.' , , > \, It ' 

ment-- ot t~is method __ .1s _la~ge:).y: du~: to B:~yrpv~lcy:_ ~p- ·to .. the 

present time ~nd hl9, pub:t.;shed mflny ar'ticles; · ~9stli in . 
Ozeohoslovakian Jo~nals •. Because ot the difti9u1tr. ot. 

• ,,,,,, r • .. . ' 



tl'anslating thes~ ¥fO;'k.s Jn .:tor,etsn;Jou.rnals., '\pola~~e._rap4y .'.. -
; ! '. ; ; : '. ; '. .\ : ' : ·,: ; ' . :, .: . . ' . ' i ' . ; •' . ', . . / . . . .- ,t.•· > ' • • ,_ • ' • • '• 

_11;~~ ~.eve~oped, E:J;t~•~r ,_:.t~~s .,:,coµn;ttYt JJQ~~V.ttf: ~- ·:~.O~k ,.C>n, 

, ~~l.a,r:c,gr,apey ~:a .. ~1:i-;.~t,e11 : ·,: :P~b+lsh~4- ;111 i ·:1~1:+;: ,b1. ; ~9~thof t 
and,.:I.ingan~ :·(132) .in. tbia 'C.ountry-_.,. ·.The tollqwing :short ·. ,_ 
, ; , I, ·, : ·, . -'. '. ', , · . , : : - ' ' • ,' • ',_, '. ( '· , . , ' ·,- '~ : : ,, i,;,. ·' • • • \ . ',. · . - • . l , •) I, ., ,. :' 

d,isc~esiQll.- o~: ,~he _ app~!~~-t~o.~-. Q.t _this in~tr~ent ._ is ; ~~en . -
·,, : ••• '' '.' • ' .: , • • •• ··' •• ,, .', ': •• '• ' : •• •• • 1_ - - ' -' _. , • 

~a:cgely :from thia. .. ,. : , .. 
, •- .. ' ) ' - ',, .. : ,, ~:., ' ' 

- __ . :,The;'_p~;arp~~l?~.1~ _µi~t:hf.l~ .. 1-.~.;~a_s~d, -oxi'. the.J_n~~rpret~~-

ie>n, o~ ou.;-r~~trv-o+~~g~ ic,~,,~ ;ol>t~1:ned by e~~~~Qly~ing. . 
• ' • ·~ ' ', . • . ' '. ' • . • ' ' .' ; . ) • • • • ; .. ' ' . . ' ' ' • J ·- ; : ' ' • ' t ' ,, 

solutions ot :red.uo1ble substa11,oes with one electrode con-- - :·· ';',·,('·'. ,, :~ : -;_-· ":. ,;•,·:, ·1: i; :~ ,·_,.:1 ·,,, ''i,'i,',. :<.: ·.·.,, _: ·, -'. •' .. '_'. , ...... : ;'_ -~:·., \, _,_·· 

si~t~ng J>f: mer~w..y. f alli~ dropwi~~, frpm a , V.8"1?1- t.1ne bore 
·;:····,_ ',' '' '',, 1., ··1 ~!: . .. ,' ·-~; '•,/ -~: .. ,' t \' \.,' ·-~_,,· : . ,. ·:· ,_,,,,·. , ...... i •':'. , • .- ,,,1 f) ,·•. ··., 

~e~t between the; soiut~o~-- and.; '.tlle -eleotrodes .. _~nd •. :the __ m.agni-
.. . • • ,., , , I ·.· . .' ., , , , i 

1 

·,· ' •• '. , • ' •.: • ·., , • : , , • ., .: • ,, , ;,_. • ' '· • ,' • ,· , , • ··: - ' : : ,," .' ,. • :._ ( ,' , : ,I ,,,1 • ,i 

~u,d,e: ,o.t t~'?. fur,:e~t_ ~~.: a;
1 

~!a_$~~, o; th~ ~t~,: ~t, ~;e~~:r~d~ 
reactions., _ ~eduo~io~ 1 9f:s<Hl~S: tl?,e. c~tho~eJ: 9Xi;~at1,o~; at 

•' ,. '" ' ' ,t . . . - ' ' : .. .-. ' i •, > . .. . . 

the_ anode,. .. A: .PQia~_osr~.- is._ \t.h~ .o~ve ol)~a~ne,d .-:!Vh~~ -, t~t\ } .... ,_ : _ 
• • :, , ·, • ·: ' '••1. ·, .•·' ·,, • • - ' ' 

appli,ed EU3. is plotted as~ins~ . current b~tween .tlle. desired 
.. :. , . . ,, . __ ::,_ . : . ·_.. • . : · ·.: · : - · .. · ·.. · · i · '· ·,·r· .: ;; ·< '· ;•··': · , :- ' · · ., .'. ·, · - · ·.,,, · · ' · " · · ·~ · · · '· · '° ' 

po"te.p.tials• No. reduc,tion kkes place until .t.he decomposi-
~· . . ·- ', i . . i ' . ,· ' ' ' ,.._, . - . ' ' . : ' ; . ·,, ' ; ., ', ., : ! , ' 

-tion . .Potential. __ is_ •r~a,04edt . · :When,, as the . decompoid.~i.on 
' ' • . ' ' • • • -~," ,'• . • . I • '• '• , . . ' 

pote·ntiar 1·~-·exo~~ded, ~pntinued,. electr'-lly-sis o,()o~:s \vith 

,esul. ting ,re4u~t$.on_. •t tp.,: oatllode ~hioli- ·ts. usuf!l~ly· t~o -
' ,, ·· , ·, ,· ,, ' , ,. , ,Y;. , - 'J.:' , . •• '. I , •• • ,•• 

dr9pping m,rcury- elec.trode_.. , ~P.t.,:. as, tne EMF, _ ~nci:eased __ 
' ' > ,. ' : '• • ' : • • • ,• ••• ,, ., ,, ,· ·,. • ... \ 

the -. purrer1t apprr;aohes· .a i1m1tin,g. valu~ . and. g~nerally. be-. 
• ' ' • •' ' ' • ' I • ' •) ' ' ' • • •, ' \ •' • • ', • •. , , • ' • •. •. •, • ' •, • ' '_ ' • ' ' ' ; ' ' ' .. 

oomes __ near_ly _eon~rtan.t.. µnder .. optimum .conditions. _and, w1.th 
' ' • ·-,. ••• : ' • • •• ' • ,. ) ) '. ' • • -~ • > ' 

all ,o.t~1er ft~tor~ Oc:>Ilstant, the limiting curr-ent is. direct-
• • < •, I ·, • . ' '. ' /' /' . .'-•;• .' ' • •. • • . .. . ; . . . . • -~.' ·, ) ,, ; ,; ,: ' ,,;'. ' 1, ' . ' • ' i ':, ' 

ly p;roport1onal. tQ, th,e oo_naentra t:ton .. ot the reducible sub-
•• : ' • ' " .. 1, , ' , ' • '.' ' •. ; ' ',i,. .. I ', , , • ' ; \ ' ' · ' ' , ,'. , '. ' 1 • • ·,., ; , • , 

' . ' ' ' . . . ,_. . ... . ) 

stance and is the bas1~ ,~or que1~titativ~- po;tarograph1o 
• • ·, ' • • t . . • •. • . . ' , ·. . .. ··, ,' . ' ' ' ' ' 

analysis •.. _During eieQtrplysi,s,, _disc,harge -~t .,th~ .o~-thode 



d:eplet,e.si •:tne iconoentrati<>P.:: ot:• au)J.~t~tj()~,.;d::to.se_- t:O 1t,he me:r• 
ou;-y ¢r.op (lnd' ,~his loSs: le •'oOJJiPetl.;~tJ t;i.; '11:r ,a, dittusion, 

· ' ·, · · , · · .· ·· ., .. , ·v , ,_ , 

Qt·: :tp.e: redUQ1ble · sub:~t~~(H:f: towa~d ,·1th~ merCllrf ,.·flrop,, tr.om. the 
'. ·: . ! i • ' ' ' •• ! . , ' ' . . '. ·, ·. ·-:·'.' .·._· :' t . : ' ·, ... • • • • ' 

bU.lk ·of. :the solution,. : -Tba;·. rE.tte.:~f, diffus;on A~p.e:n~s. on: tll~ 

· dlf':ferenc·1r ill ,e0,noentiation_,u1 ·thE{bulk ;ot .the:.solut:ton· ., ·. 
• ·' • !' • • •. . ' • '. ' •· - ' . • ' . ' • . ,· :: . . _: ::,- • - '' ' i '. ' ,. ' ! : ) • ' • .. ' 

and th:e· 'solution ::1.n; ·the immediate- v1o1nit:r: ot, .tbe,meroury-
'. 1, i , , c •• , ,_· • : • • ,· · •.• •' '·. :_.• '1 • ' ,. •.. · , •, ' ' ,. , •' ',,' · •• , 

drop{ as well :ail .'~hes'na'ture ;of· ·t.11.~; l.-~dtlolble-. :sµ~$~anoe~ · .. · 
• .r '' ,,; ,. . ' . . 

. . ' . ,· ' :' . . '.•. ', '. 

dtfci ble · rfo.bstari.o~f'tiear·: the . .mero¢1, drop:• becom.~s ,er:, s~l:l 
,., ' ·: ··.,·4•,··',' ·., ·.,,''!''' '. ., . ;,_. ,. '' . ' , . '.·, .. · . . , ' ',•· : ' : 

:···'• ' .. 

b~.oa.use iti1$i elf9'cstrolysfi)d.; .as.· $QOrt tU.t·l1;· arriye~ 'a11Q.,, the 
\ , . : . . . . . -· ' · .. " .: ., ' ' .. . ., ' ., . ' ' ' , : ;. ; ', '. ' ' . ,, ' ' : . : " . . : .. 

d:ttfe,.,enc:le in•· concentra.tiOtr be09!1lelJ ... eQ;U!ll/,to. the coricentra. 
,t1on 1n .· the btt1k Qt 'tile so;'1~i0~~ ~ktok 3}{ CO)l~ ta~ 1;~ ; ,Th~s 

• ' •• •··; ;_' ' ' 
1
•,·, •'. l• '. .•; ·· .:;_,. •, ' I' 

0
./ :_, ' •• , •••-' ',, ,'> ' \', • 

becomes' constaJ1t .'·from I tllis; ·point, : e~d praoti()~ll.y !ndf3!)end·~ 
·, : , . , '··, . , .. , , • ; I ,-,· ·.. , ,. .,,. ·, • , , . ':·· - .. , ., ·.• •, 

ent ()f:lncrea:sing: r4~M~ .. : ; ;Vlith · an :exc~ss of an-,1ndifferent. 
••.• I • ':' • • ,.·,' • ' ••• ·•' !.:,, l ','' ·,_; •',·, _. ({_., ,.·; •• \. :'. •:' ·,• _' ' '._ ' ' ',, •', : t ,', 

I , ' • • ' • .' - - • • , • • • ' '. • ; :• • ' ' • ' electtiol:,te pre$ent·:1n t~e_':solu.ti()n,:;the 11,mi~i.ne. current. 
-.. ' ' ' ' ' - ' > '· .·.•·· ' . : ''' -' - ' i ' : ' ' ' ' i' 

is ·t.\etermined :by:·the·:rate,_ 9f, di:fto.sioh end :ta:. called th~ ... 
' • • ' • •! ' • ' • • • I ;, ' ,' • . '' . • \ ' .' ' I ' 

' ' 

it is 'n.eo·eaaary. that• one '.~lectrol\e be very small ,:and. the' 
' • ' • • ·,: '·,. :, : ' ' • • i ' 

' ' 

ooncent1--at1·on· no,t: too,l.a~ge,~: · .A condition ot con.oe.ntr.ation 
' ,' -· .•.. ' ,' • ' ' ' ,_ ! '· .• ,..)--: :·.·' ·.,, ' ' ', .>i '' , ....... •·, ·. ' ': ' ' ' 

polarization -i.s attained. , Tµe iplA't.fuu.ra··:xaio:r<r·/ eleotr:odo. 
'•·I • . •' ' • ! • .'•; ,• •,.• ' ' . ' ' _- ' ·,.: ,' r 

.has_ otten: be~n used:•. , Si~ca. t~!,. ~ero~y .drop· .~s cons.tfl~tly 
' ' ':. ,, . • ' • '·, . . J. . . , ,·, ;, ' , ' ; '; • . '. . .~: - '. ' . ' .: ' t •• 

chang1ns' ~d.ze,• thel!1is :El.otua.111· ~:· cur:re~t tlu.ctuation be-
; : • • • I , _;. ., i •, ', , ,', ,: .: . '•' ; ;,.··,_. • • ;:. :· ;· > , ,: '.'::_.,,': •• ':• : 

1 

tween· a' Jnaximum. and·-.~ . .mlnimtµn. : But 1~ .a galra.nometer of, 

relatively· long period (ca, 15·' se~h~l,:1a ussdr ·t~e observed 

oscillations are not large and'~n ~;erage c:urrent WJl,Y·· be 
0 • < ' • '/ • ' J •.. j " < : • ,' ' '~ , • I 



this work, in.other 1.nst:ru.m.e.ntst precision is greater than 
l~). The average ourrent1s:in.der,e11de.nt ot·time of elect-· 
rolysis due to the tact that· a fresh sur:taoe is.oonstantly 
being formed and e~ch· drop is. ~uplicated · by· 1 ts successor~, 

the halt-wave potent1a1•1s charaoterj.stlc.ot the eleotro-
reduoible ··substance present. ·1ie. ,. , the ·potential· of the 

dropping m.erourt'el:eotrode a.gainst·an etterne.lreferenoe 
•electrode {in this work, a. 'saturated calomel e:Leotrode was 
used) at that point 1n the: ·ot.u:.-rent "foltage curve at whi~h· 

the our.rent ·is ·pne ha.l.1." the .limiting val\le~ ·· Whereas the 

deoom.position ~ote~tiel VEirJ.·es with oonc~~tratio.n, the halt 
wave potential, Et, is ln.dependent !lf. conoe.ntrat1o.n pro-
vidi.ns the· compost t!o.n of the solution with .respect to 

. ' 

foreign salts rem.a.in.a the same and is·independent of the 
pa.rticula.r capillar1 used and of'. its drop time w1 th1.n 

limits. Thus. both a qua.nt.ttat1ve and qualitative analysis 
may be obtained trom the- waves. ot a single polarogram. A 

typical polarog.rd obtained iA. tb.i.s work will be found ,on 
page 131. 

In the. field ot i.nore;anio · chemistry,• the polarographio 

.method has been applied to.·· the dete,;mlna tlon of practically 

a.ll the 'comm.on.metals and other reducible ions. The method 
is particUlarly suited to the determination. of traces ot 
materials av~d .seve~al applications ot this kind :.nave been · 

made. .Oxygen i.n eolutio.n (dissolved,. not reacted) gives a 

well defined wave and this fact has been used in this work 
extensivel.y~ A large variety ot·oitgan.ic substances are 



reducible ,:a.t ·the dropping .mercury 'elect.rode ··and give well. 
defined . waves. , · 'fhese · in.elude a1dehgdes¥:ketones • unsa tura t-
ed acids, n.itro and:nttros~ oom.poun.ds, • ·azo and diazo oom-

pou.nds • quino~es and'· certain. peroxides. Compounds whioh . 
• ',: ·> 

oo.ntai.a.· a "aon.j"-sated double bond: are :reduci-ble· at the drop-
ping ele~iroi~·~ whereas····oompounda .wi~h a single ethylene 
linkage .al)pareatly are not. reductbl.e.•·· Organic polarography 

1e more complicated than in.(?rganio because · o.f the variety 
' ' • ' I : ' 

of Ullknown: ·side· reaction,( a.o.d has ·not:· bee.tl as extensively · 
' , 

applied •to ·o:rga.ni_c ~ork, ··but future· µsEf is .prom1s1ns •. · 

Although thEf·polarograplf is often ··spoken. of as an 
, analsrt1cal···tnstru.ment, 1 t may be usred for· other ptll'poses 

also. For esemple, Vlh1tnaolt (142). to:Llowed the course of 
. :-:;: : ., •., 

poly.mer.tzatlon 1.n a· maleio a.nb.gdir-ide and sta.ren.e or maleic , 
anhydride: •'.rid-vil11l acetate,. Hal.eic -a.nhydri~e and· maleio 

acid contain. oonij.ugated s.vatema and th~y both g1v$ well d·e-. 
fined wa:ves on ·the polatogrepb.,. S1nce a.either of the• other 

substances :·presea\ give· polarogra.phio waves, a polarogram. 

of the system shows the am.outtt of maleic anhydride or aoid 
. . 

.not polym.er.ized. Bovey and Kolthoff' (52) ·u.$ed the polaro-
grap.b. to .snow the amount of poly styrene ·,eroxide present 

/ . . 

in the polymerization mix ot styrene~ 'rhey also ·used the. 
. . 
polarograph to identity the decomp~sitionproduots ot the 
peroxide as beuzaldehfde and for.m.a.1dep.yde. By means of the 
Ilkovic eqqatio.n, the .o.umbe~ of electrons involved .in the , ... • : .. 
polarographio·reduction may be.determined it the reduction 
is reversible and som.etimea it can. be cletermined if the 



· .reduction: is ·irreversible_,.·· tfli1tl ·often-: gives \Valuable. · 

inform.a. tibn. aa to:; the ·:reaction:,:ot· the ,,electroteduoible 
compound 1. in• o t.b.er , reac t1 ons~. \: 

' , , :• '•.' .. J, , ' '; ·, . ; , . : ' ' ..• ' ,' ' ' t l .,. 

', : ,'_; . 
Polarogr9R,ht. a!. Peroxides 

' . . ·. ·:; . ,' ; -\;-~.'::.<!t ,-' .. '/: i" :;_ i' > ' ·'~ ". '... • :/,·· ~: ·•' ;·~-· 

i .. - '• ' ;·. -, ' 

Littfe ;ork: ha.a ·bee.ti re)J)01't8d 'On tne·,appl~·cation ot 
the· polarograph': ·to ·organic: pecilxi~es ;a.n.d/ .no· ref ere.nee to 
the polarography ot oleti.nic''.Peroxici'es has been touna. · It 

• .. ,' .· . ,, . I 

.. will ,be,seen:.1ater/1n:_•·this ;·theills· tne.t:::·t11is· work deals with 

olefi.tl!c. pero~.tdes and t111a ::1s 1thtf t1i-st work ,:on the .. su~~ 
jeot ... 

, .. Kol thort : and :L1ngan.e<wr1tef ot<, only : a little work on 
;i / ',· . ' ' •·· ·-;'.; J. 

peroxides With the, S,Olal,'tOSX,a.t,lF (1.32 )):::) Howeve~, they · do· : 
• • • ' , • •~I 

state ·that :organic: ,.b:g<!U..-opero~idea< give wave$· •:that: are 'Very 
fla.'b an.ti ·:drawn,: ou.t •. for example,· nif.)thyl·. and·; ethyl hydro• 

pe1;ox1des:· 111 ·dUute acid;:~e~lum start at -0,2,· ·vol~· ~d ., :1
· 

! 

.. · . ,, .. i . 

hydrogen diaoharsestarts: 3u.st .wlleli·. the. ,d1ftµsion current 
t,~ i • • ' • ·, ' • ; '. ' J • • ' ' 

is reacne4 ·( ca :•l••t vol t 1 :,'~~·• ;SO~l~ -:·f' Apparently,. the.· pH 
i' • .. 

has 11 ttle etteot on. the":1e4~Q.,t3.:.oa pote.nt1als"f ·which should 
> • ' • I ' • '(' '',,,_ 'l• .,, 

.not bti oontused wtth ttle h"9-t wave l!Otentbl. · The 11i-e6uot• . 
ion.potentialtt is the potelift1a1·at the·begin.ning.~f the wave, 

. :, . . ' 

· measured byi; empirical fuethdas. , These paroJ14es deoomp·ose 

-1.n e.lkali.ne media, ,~.n o._1, N 11 thiunt' chloride, ,the diftusio.n 
current is proportional to the co_noentrati<m of. the peroxide, 

· Polare>grruus for. hydrogen. peroiidei ,.methyl hydroperoxlde, . 

ethyl 11Jarpperoxide and diethyl pe:Y:Oltide have been reported 

·•31-. 



by ,Dobt.insk,ad'&).atld ,,Ne1:m.ai1:~(l)'4)ll;35)'', end<::by: Sh tern .a.nd · 

P'ollyak: .·. (1))):. :These: authors· report ,tn.etr, :met.nod· tor de- · 

termining ···tne~e· ~erozid:es: l:nr ·the .presehoe .ot formaldehyde 

.a.nd. acC:ltaldehyde •. · These: ·1.n.tthot~I' ;do <not agree·.:·,tiowever on 
the:· reductton/~otentlals~ (· :Soveyi,and· Kolthoff ('52) ·report-
ed that. pofa.rogrwns ot:·•t.b.e'\PQlye"tyrene· pex-o:xide:·:the't 'iso-. 
lated .f.roar·tne :·en1u.lsion ·.Polymer1:za·t1on of ·styrene ,in· the, 

presenoe .ot: oxygen. ::a..rt:t ·.v;e:r,:, similar. ·to: those. :of· Shte.rn and 
Po:llyak.: (l)Jl tor· :d1·.etn1.t. l)eroxide.· These. ·polarograms··. were. 
run in a: .. solution ;Of'. atnmottiwn acetate· :in a. .benzen.e·~a1c01101-
wateri, mixture. , ·tr.he _polarogram. ·or diethyl peroxide is :long 

·.,Vitek: ·l1,,6):,,ra,n -:pol.arogram.s .·cut 's~.lut1ons-·-ioon,tain1ng :. -. 

dissolYed ·alr and': repo.rtecl<:tb.a1r oxygen gives'<two ·reduct-ion 

wa1'es. , This:, .method. permits -tb.e' ,¢et<frm1.nat1on ,of 'Oxygen,,. 

hydrogen perosi<hf,' -and, ,·pe.roxi'des :ill :'Soluti:on, : end. in a "gas 

after bubling it th.rough ·r1·snitable liquid •. ·Petering and 
Danieis . (1)7): repo~t~d the ·use of the polarograph tor the 
determi.a.atio.n· of· di.ssolved. oxygen in biologioal; substances~ 

This work consisted in the .measurement ot tlle. :o)ur.rent at 

two different voltages and relating .the difte.rence in our-
rent to. tb.,oxygen. oontent. Ingola (1J8) reported .the use · 
ot t.he dropping mercury electrode at conatant voltage tor 
t~e determination r,t o:xygen 1.rr sewa~e• ,. Beecher. Followsbee, 

Murphy an.ct Oraig .(1)9) d1~gramed a cell 1.o. ,,hioh biological 

substances,_ suoh as lymph could be placed out ot .contact 

with ai.r and .Polarograms m.ade o.u as little. as o.o.e .m1ll1l1 tar 



,, 

of .substa~~e/• :'lib.e .'la.teat. ~cf·n,-qti,'..J)Omple;~ w·~rk: C>f; :the 
polarosrap~y ::,c;t oxtt$eb.. -t·sJ;thijt :i ot:i E:qlt~ott} :~i.uta: :A~iµ.er. ( 140) 

1
• · . . 

Ot, the.· tv(O wa.11es · .obtaill~d, ·.n:e1t.b.e~ :·1~t:' r.eve~sible,. but the : ' .; ·, .. , ... ' '· , ' '.. ',. 

first '.w:t~v~.:.1!1~b.. ii belQ"! ~~,.l vo.lt .can:.be, ;µsed:,for. o~ygen . 
de t81'.lll111A. it;.118 • W.IU.iG 'the ; S&llatl'l .wa~e W11;Jt :tilt a~ E!bOµ fi -9.• 9 . . '.. . . ' . , : ' . . ' : . ' . . . ' 

volt has a: low: .slop,: an.<.t_,1s: a1;t:t~µlJi. .toi_.wo.,..it: Jd.t1t .... /r·-/~.b.e1. 
. '' : : :\ . -:, 

First ·~k;. \· :; .. ·02 '+' $f\ + 2e ·, _. _, H202 '. 
·,·Second wave ··,: ; ·. · H202:, · ·.~ · 2e ~: ·.-· 20R~ : 

' . ' 
,,•,' l \ (' 

I". , I 

•:· : A -polarograp~ic etu4;y of: .t>eA.teJ?.Qic, ,oi(:1$: has: bee.n .. made 

by. Zambotti< (141) •• ., ,Be,_ ;repc:rted: that,:tl-,.erei:a;ppears to:. be:· 

no polar<;>graph~o: :d~ftere~oe.··1n _: the;:;prop~rtfe.s•:·· pf:: the-,. 9-ouble 

bond .1.n, _the_ ex-, . $-:-,: (?J:; ::;T·-,poetitAo.tu:l .ln .the. :,Pen:~~noic · ~oidit• · 

The. ,ditteren.o.e ,in .,:the biological :-.aot11'1ty-, UlUSt• be> ••ret.err.ed · ... ' .··' . ' . ,' ,· .,. ,, ., ,,, ·," ', ·, ':I 



I,, 
,,l.,',ti ,{, :, '• '. / 1 '-~ 

I,,,;·;;·•, ,; , 

: • ' -l • . 

• 1 : so.me,t·o'f ·•the···1$vulil11o· ··abit1•,:,,•teohnl"cal'•1::grade ,::··wa·s 'Put• 

chased t.rom' the , .p faJis ti(Jn1·: 'flhe.uii cal Oo111pany r· tlattkeSan.,:: n1. 
, Some·, ·o t, ·tlie'":lavullnicr. ,ac1di · v1as : ··prepareo. · according, to 

Otganio Syntlies1sj ':Oo.l,':r,Vol.· i If·pagef 33;· •. ',.·About !500 grams 

ot cane. suga.1',>250 mt~ :·iof >c:onoen~t!s.ted·: .hydroolllori·o~ ao1d . · 

and . one, liter', ot •ater' were• .ml~ed·' in.·a···two · 11t·er,. flaak :and 

haa tea. · .o.u.i, ·a· ··trte'tmi. · ·ba.t.ht:•tor·· ··twenty'·· tour '.1100..rs"..1 
· •. ····The .mixture· 

was fil te:fed(e.no:a ·-the :·carbonaceou·s :, raat·erial',;waalled.·'. w1 th· 300 

ml. of v1a1a~r~t :,:fn.a-· 'fi:l:fU:.-at~$ "wsre:.-:00:m.9:taed'· and: e11apbrated: •. 

to, a.ran.ass·: on: ·a:. :eteEim/ bath ·1.n< a streelll · ot· ·atrt',,, The· blabk: , 

residue wa$·; p~wde:retl 'S:nil:- e:!t.racted·i ivlth::500, ml.:! of eth·er · 

for 6-8, hpurs•·i::::Tae>.ethe~; was ··then'rem.ovedi•by· d1atillat1on 

and the levµl1nio ':e,c,id :dis tilled uri~er •iredu.aetl: pres sure• · 

About,_ 80. grams of product boiling at 135•140/10 •tnrn'wa.s: ob-

tained. 

For ·ptJlaroe;ra1ruf of levuliri.io acid• the ·ao1d used was 

distilled at .reduced pressure. The acid,:: (b.p. 100-102°/3 
I 

mm.) was or.yst.aUiaed by :cooli.ng in, a stream ot cold tap. 

water, ,:I~·. melted ·a.t 30.;1°. ; , 

' : 

This laotone was firs\ prepared by wo.lff (1), .bP.~: the 
prooedure Or Thiele, Tiachbe,iu llJld' Losaow ( }) was used be-

, . ' 

oa-uee it gives better yields. 
-34-



V 

· : · , ·, ,Le'vu.l.\lli<l ·,icld'i· (11•.6'.:·:'gra!ll$·;::•\Oil<mole'l ·,'a.nd>20·.4, · 

grams of a~etic••Wiliidride ·{0~2\m.01e)'· were mixed w:lth one··. · 
mi.J.ii.11i~~ ~f Etc'eti1· ob:li>l'ldti •in a. 100 ml,.· .fl8:i~k joli1ed· ·. 

I ' 

.to a i..·~ indh' :oiafsi.11'.: ar.nr b:,. means· ... (9·tre.: ground' glass·· ~o1.n.t .• 

tb.e p ;re$ a~\.) .· ill. the ~yj 1;.em';waa tb~er~d • to··· 200.-c230 mm • and . · · · 
the, tlaak·'we.rrnea. ·siowly' 1to 1 ·abou:t.,..:.l}OO,>·by·mean.s· l(if .. ·e.·heat• . 

. i.ng bath:. · Aee:tfcf: ·ac;id:,1 b•P>'~··,_Bo·<>/200.:•1umJ-· d-1:st·illed ·ott< :_ . 
. " . . 

' •. . ' ~- ' 

·i'irst, ·· the.r(::a·e,et:te·,·annydt-ide,>·o:~»i:lo;0/2QO·; :.mm • .: ,~The··.·vapo·r· 
;, ,, 

. temperatur~· roae,al·owl1:-,'to-:~ abcnit; 10;<>,:and'\t'fle11·. dropp·ed: , ...... 
! ' I • • • • 

. . /.-··, . . ". . ' 

ott.: '£he·: di's.>tillat·e :reoeive·lf•.was··cha1:1Eed·iand>the heating 

bath .temperature·>,,,aac•a1ovJlY' 'ine:reaaed.:~ · '.. Mater!al·•w-aa · col.:.. 

,1eot·ea., Up'; tct:·aoou.t:.1.60°,.:<:t~r ·This)re~ulred''.: e.boti't· ,6~t.r.:nours· .. 
The ·eroet1l: t:evul:initf a·oid'; tlrirt tox.-me,~·1 decom.pos·ea·: a·urib.g · · 

this. dis.t1llatt·on\ anrl·,tne·:lactone<oame-over·: ·slowly:. ····Thiele, · 
' ' , 

e:Jt•'·U;•, Jiu.ggesfi. trattionai;:iotf:ot'·,,tnls' 'las·t: traction~· but 
' , . 

in: this· \\brk . .-.'a: tracttoiie:tion was ::found·'-:·unne:cess'a:ry.,; · The· 

last, portipn.· :dis-'1111.ug 'fto.uf 'the acetic· aoid~levuli.nic ; , . 

acid .mixture waa, pout-ijd .1ntoi."three .times'· its-·volwne of ·: · , 

ether and : carefully washed three 'times Vt-ti th. potassium. car-
bonate -solution. made' b9 <I.is.solving 50 grams potassium. oar-
·bonate · in ~00 grams water. ·-For the ti.rat washing, a·· large 

e~oess ot the ,t>otaasiwn carbonate solu,tion was used because 

the ether solution con.tai.t1.ed co.o.slderable acetio acid and 
acetic anh1dride v1hiQh had to be neutre.li.ned, There wa.s 

' 
co.r:uiiderabl~ foaming. After wasp.ing,, the ether solution · 

;···_·.·,:.•;_• . . ' ·. ' ' ·, 

was oarefyiiy se}Htrated from the. wat(tr solution and drie~ 
. - . . ' . 

over dr1er1~e. Then the ether was distilled oft and 4.9.6.4 



grams; {'50~65~):, of_: ,q~tfuselioalae·ton.or· b'•Pl·:. 58i59°/i5 mm; 
'WltS obtained. · -}l:lle et.tielf: so1u/~i'Olt ':l~ct ·:to-ba ·; dfiftiiiecf "with• 

in ·24.1hours- o·t·: th~· •tim.&-11fi :v1as->put· over· drieritili -•- i.-t ·: 
left, longe-1•. over! dri'e,..-.ite·, . the' yield· was 1ow~ pos'slbi;t ·' 

due · to p;l:,hierizejion~ 1 
• • 

I: 
/ r I' 

3. p .-JUlgeli o~la~ 
: ,. '. : ·1.,; . ,.-. , . '·,·.; l, 

The -angelioal~otone was_ »r·aparect fron\ a ~a~g~li~ 

oa1~ot;n~ aooo;~ng .ti> \~e m~t~~/o~ . Whieie: . :.~·iachbe~n .. 
.. ' . ' ., . - : " ,) . ' . . ' . ' ,,, 

and·Lossow (_3).. · 
, • .l ; 

I I;• 

a•J\ngelioalaotone (39 grams) was rnixe.d :with l mi. 
:·ri: ,'. ·;:'!.[·",':.:.·.:•~:;'! _:,,l,:1•!_)'·::._} l·'±_i '\

1 , I ;·' ~• 

triethy:L amine and warme4 op.; e ,st~am .bEt_th ,to~ ~.--h.ou.rs. i 1 ; \ ·:.· ' . ,; f ·~ .. : ,:-- ' / ·; . / t· - _.'..:. ' . j . ' ', ·: i:_ ; :· . . _;. i ~' ': ... + :- '. ' • ' ;... ; • ( • •• ' \ 

.After oo_ol1ne;, an e.q~ :,,:ol:~~ or tltthe~ -was ,~dd~! a11:d. the 
~·( :• 

1 
• :1 ; :.:, . _;_ •, ·, : :_ : ' ,; i , : .· :: .; ;_' l ; 5 

• -;· · • _. .'.< .\: ·, •''. :_·. , i · .'. , · ] , · / 

mi.xture ,,ashed twice with l. molar· sulfuric· acid saturated 
~• ;' •:. ~: ' • ~•- , I i . . ' • • • / a : ,; • '.. ' j • ( ' > : ' ,' • • ' ' • • \. 

twice with s oonoent:ra.tad potfl$eium carbonate. ao,lutioll made 
; , ; i ' ·. : • ! f • ·. ; ;i ·; · I , · 11 , '. · ·. · ., " , , t , i 

as described tor the p:reparati.on of. a-.ang'elieaJ.a.o:tone.· ... 
•,; . : ~i"., '. .. : •: : , · ' ' ' . ; 

1 

• ;- 1· .. i '.. '. , · . . ·.'' . ' " , ; , ; . , • •: . . , . . ',, i ' 1 
', • '. I 

The_ e,ther soluti.on ~l8.S ~hen oa;r°'ful.ly eepai-ated: tl"Onl: the-:_ .• . 
• ' ; '. ·: ' ; '.. • l ,; } :, , , . • • •• • ' , >. . • 

water solution and dr1,e4 over d.rierl te for 24 hours.. The . 
, ,••••, •, • < • ' , , ' > • ' • •• • ', • • I, • > • I 

ether. wa• then ):-emov.~a. J:tncl t:11,e•; . p .-angalipalaetone ,distilled. 
,' . . . ' . ' ·-

at .,~~duced pressure.,, About l.5,5•1'1.5 ~runs. ,(35-45~) of,--

p~o~u.c~. boiling_ at 88~90°/16'. tnm was obtained., : Spme. tar waa 
left in the flask. The,amount,ot tar increased.and the 

1·•. ,:·,le' , .. -., ., , , . ••.• . • ' 

yield decreases if _ the ,ther .. solution was. let~ dryin.s over 
. . 

dJ!.ier1te more 't~n 24,bours. A. fev,r d~ops ot. ·a-angelical-. 

actone distillad before the $•antE?l1calaetone ·started 
diat~lli~•-



: ' : I ,,At one: time.; :~!ethyl.::' amin~ :.'tivas}not '.,a:vallabl,Ef· and ,n 
a.ttempt to aubstituta tr:i..-n~butyl.; amine.: as I the\ i'so.meriza•.-.. 
t1011:obase:···wa.s· m~cte'.,··. when,:the ,above ',pro6edure; .. \ffl8 ,'fo11:owed, 
a large i'orGl'Un 'b ~•p ~. '• 5~'!56/10 ,J!lm.; • Vias Obta+nea.: . · -i:"1i8 ' • · · 

' ,' . . , , . , . f , "'. I <II 

tore~t111, ii1d:<t11a ta.E4in1 ftaetiun/:;separated ,·tnt:o' 1twd ,:~aters~ ·, 
~e' upper 'layer nearlt '.,oo.mpiet'elt·!redistllled: ''ati;94-ss0/ . ' . . ' 

( . ' • ' . ,1 ;_ - _' • ._"_ • .• :·-:. ',-_': . ',: '•• ~- .; . :·): '. _; . - • . '" ' ,', '.· . . ! .. :• .. . • .· ..... '· '. • • .. • • :: ,· I,,' •:- ••• •,. ,' ,· • " • '.• ' 

16 Jnml., tb.Ei;:lov·t$t!t :•layer· 1&$ain'·sav<i a··: ·large' torerun· from. 65• 

e4;0/l5 · 1nm~ , ''s1ncia th~ \lo11!ng point 'ot .· t~l ,;..)i..,bUt11 · alll1n$ 
a: t l~ mm. is/ 90° i tiles~ Iii stillD.tiiC>ns ina1~ate' tluit thiS I 

amine'w~s :1ricb1npletelfi ·:eitloved 1b1 the:· a.:tiu.te::aoid.,.wa~lling_. 
Sirice 'th~re' ie :only :,~soc "o.U:tv~~e '!rf t.ti.J. boiling' poitit'~,'. 
of: the ':amtzif:l<1ina tb.~ ·1:aotort~~· · ~el)ar~tion by' ;disd.ilation 

' ' , ' ,, \ ' ' . . .. } 

was·· di:tf!cui~:.~,nein•·,;n~butyl ;ahli?i$"·!~ae' ti.sa;d,i ,,•·aow~v'.er·, 'th~. 
·,: ,' , ' , , _,; . . ·• ;, ' ' . ' 

, •' ;· ' .• :. ·,- ' . :. <. . , ; __ ,'; . './. \.: i.~: . , ,I :, .' i ''. . t )_, '1 ~'. ,. : -•~ : 1 ·,,' ~\ '. ~• :• \ !, ~:, , :; . ; . • ·• •, ' : :. . • ] , I .•~ , • :,·\ : \ / '. tr1etbyl\am:i.ne ··oan be easilt ·separated. by a1·atillat1on be• . 
f '. ; •• .' ', , \' I ',• • ' _• : •: : • :• , • •, '. •, I • : i ' ,' < .. ,'. • .. i,~• ::. ; •.-,-: • •~ t :' • .: ,~ \ , : :,• ; , j ~• •; :, • cause· its 'bi>:lling ··point is r>nly-·~9t;, at atmospheric pressure.~ 
. ; ·' At another 'time, \an attempt 1VfUJ made to . purity' the .. 

" -angelio'alaot:one' hi fra'o·t1omition t~oUSh a ;to~ ':root 
ooltimn packed·witb glJss :hel.feei anl :.nav1ria an eti101ency 
'ot abotit' 20 the·oraticai plat'e~.· ln this 'oase, .' a large ' 
t~r~un ot a.-attgelioaiaotone was 'obtained end kost. of the 

material 'distilled .~t 76•'18°0 at, 10~.rilln pr·easure· •. When· .the ·. 

d.istiilat:ton was I Oha~ed 'to 'total : retlux/ th~ ~apor: tempera--

·tm,.-e dropped to the 'boiling point. ·dt tb.e .''01,• ngeli~alactone 

and o:niy .:sl~,,~y :rt1,,ised~11en. nistil.latiLw~a tao:tleoted e.t· a· 
• • ' , 1 , • 

retlu.x to tti~.e : ott ratio: 'ot 10 to i •. : In the,. p:revious pr'e.-
pa;a tiollS( ;ii~ l~i&ptOll& he11 ~~'en ~fi.stilled •::lll'oll$h a 4-6 

'; '. I { <) .- .: . \,. .' ; 



inch •Oli1lt11n 41-stU11llt1 ~ll-44 ~nd ·t.ne ,to11~ po1ntt.i -a~e~ wtth 

tlt..t\t Of fXn1~$- tl• :; _ · ''Xll1b '1tu11e~t~41 Cl)t\sdder~blo COlrf6%'• 

etor1 ot t):ic -J~la~t-otia, to, th.~ ,a~l~(ltcno bJ:~ ,1,iolonslng, n.eet• 

tni su{Jt:r$lu tlltrt· ocGWJ1rc,·la. tbo tr1ctionert1~1 ·oolwnn. 
"ti,olf.t -,t1) · eit.i$tod. ttm·t tn~·· ~~ctone.•: at1t ~•~1reu ~bovo, 

t-o~taltit);{t. mai44ti ot tb~ a-JJicto~••· •· ArAierij --- (143) D-\Gaaure<l' th.a 

r~traotLve · t.ntll:01i.s ti~ otboi ~4e1oa1 :;~o»~tie& ot ·tbeth?i · 

tcctu:uls tm,t toua4 thiit trie l•lao·tone ei~,o ·&ti.owed 10,1 

t'~flr&Qt1ttc- atli · 41sj~S1'f'd pt.,JaJrt,;l,,itl \~htnl pre~r04, &Uoord• 

11~ t.o'ltdi.ll.e. l'fi»! ttt• ,re1,11:Gt1~. tit l•a.ns,ol1.oeltotone 
ftf>I t~ tJ'io· a..-1e0:t-o,10• ·tt1i. motbo4 ot lfOlft woa.:··a.dotit~4.: . 
Wb11 P,JtOO~\.ure ui~.llt$ tf1• ltf(tgWJ'tt · ot tbe . a-.l¢U)t0o,e to .. 

, . 

bt ·oojlwlctel;r ¥JU~,.oly.1ed. bt w~m.: ,~~te~ lit .i acwl8, ~bile th& J~ 
l.ti<ltoJlli--.lt. -~.r eliati t1Jtttol1s-t14, . 

·1•;~~lot,ltu,~~• (t ·-,a .. , ._b,lP• e~tl/12 t~} t\s pr·e-, 

J>a~t4 iib@t't \ilJlUB- b~u.tett on• at~.betb wi.tti so-- @am.0 ot ,mt~ 
lot to~ ho0l118 (~o liu,to.ue tilt-aolvoel~: 'itie ao1utton -~vns . 
tben 000~~1-at;A llflG~1lted to 11·~~,rf 'ltlbh a ii'Mll &mount Of 

' ' ' 

oalo~~ oarbonat-. · _ 'ltt~ aoiutt;;>n ,.aa, th'3n_ t,:,t,aeted · ti ve 

1-ltl$S \dtb an 1iua11r~uae. c,f etb.tn:1 the ·$the1:1- -e~tra.ota eo~i-
bin-4 on4 ~lo4 ov• aoo~ot\a so4,~t• eul_ptia·t• . to~ twenty 

to·ur hOUJ:t,- tn.e -et~ w~• then »e~JO?e~ tn4 tno laot--one cU.o• 
tilled -~e:, lft\dit\Off:4 pt·eGt\Wt tQ aive ·•t5~5,_5 $tam& (G0•601~) 

ot pa.~oduot, t)•t, &~/lo sj fllt eth- esbtaot1011s ot 
tt10 wate:t ~olutlon 'tm$ -eaaltW fU:1;1_ took halt •s muOh _other as 

abote 11 the· t•t~ 101i.1ttwon tlffit tl~et •,turate<l, ,ulth potasn1uni 
I ' ', ! ' , • 

OGl'bOMtt, but \ihGU tbi$ 1,a._ 4aiu,., tn• ;vield wae lor1er 6M 



1norer i tar :was le:t:tf ,in. tltti d1$t!111ng>tlaskf: 'lletli.b:ing: the .. 

;water· ,solut1on; o~! .. tlie •.lac tone, ;by mearts; of ·:a.\Glaa'col 'nt;a tar 

.insteac:L~pf·:.,only l~at:tng/on :a,•:•stee.m. :ba,-tl:r ga.v~ 'ithe. swn.e results 

,v1th· a•. possible.'· small ·daoreasij in' ;th~":yield,". ~o. 1 a~angeli~ 

,::,f .. ~eliaalact~~a,·:·{l.5 &•}'• •pU.~ified l>V :heatins\t~th ·. 

y1at:er·: 'EH!,: given .·above,: t'1tis· turtb;e:t: ·pb,ri:t;ied. by ·.dis·solving ·1n 

60 'ml• ·"'rater: anlf :heated. ,:on, a •at·eam ·oath /tor .twelve· hou:bs 

and, then. s~parh~ed ;<bY ;the·. sam:e: pt-ooedure. 1 as' abQire•' , The 'yield 
' ' ' , • , ,,_ ' • •• I 

:<>t 'product.bolling ,xt ·a1·~a0/1oitr ,nmt·:>wa.s ... s 'grams~.' (·531'):' ' 
4:. 2 •. 3.n~h;{d:rozjr ,V)ilerol.ac~one ...... /., .. ·.·· .· . . .. 1 ... . . • . , 

· .. '£his com.pound:• was -p_)lepared·:·by>.OXidation ot· .. ·.f-angel:t-

calactone ·,vttn po:l;$.BS1um· :tte~.tna.nganate a:f.t6i' 'the, method: of 
;,, " > P' , . •, 

.Thiele·• ': ftf~ -~ (5l• ·· :t'he ·. a-.ansel~oa:ia~.~one does~· n~t·· 1ield • 

a : hydroxy compound bi 'tile same : prooe6.ure'_. · 
,; ' , .. . ' ' ,, ' ,. ., " . . ~· , \' 

; :• ,•Ansel10~a_c·~-on& ;(9.~S. ·•¢~tll,na.,, 011 ·mole) was dissolved 
in' 'water in··a minimwn .:amount ot· water:,> .. The aolutio~ was. 
' t < • ... < 

, • ' '> ' "· ,, ,:, ,, - • 

pot'assium · pet'mangane.t~ and ·.~1e.fJneaium · su.1~!16 te : in enough . 

,,ate!' _tQ,'makE! the., 1/idlieli 'S()l.~tioh 5~ 1n· p()tasstum p~i-matlSariate 
wa~ slowly a.ddedi ~Jits' solutto:n. was nuicle by, dissolving''' ' 
l0t5 strunspotas~i~'per~nganate and8 grams magnesium 
sulpriate ip. 200 .ml., water • : ·t.'Cllt. oxid.f.ltion is $XOtherntio· 

and the permanganate s~lution. should. 'be, addtd 810\vly: enough''·'' 

that. th.fl t~np~~tu.re can. be kept near. zero. · .When the ~dd:1 .. · 

tion; was completed, the mi~tu;re was aet ·a~ide t.or,- five minutes. 

T.µ.en tt.e solution was, vta;t-med to 50o· tor a tew· mini.1tes and the 

m1.:u1ganous, dioxide filtered oft~ t The filtrate was acidified 
. ,...39.,.. 



wl th sulfu:r:tc . ao~d.; ;to : th.e e~d. :ipqiij~ o~ . ~~tl1.y~_ :or~ng~ : 
··:, .( solu tic.m :. tu;-ns : _from, ;brpvn;f, ,t~_: y<allqvt) il.nd-_ :t}?.e : ~ol~ tion 

:·:evaporated.. to• dryh~ss .at, radu~ea,. :p~eas~e.t. /J.'ha ,br~~, :re~ 

, . ·sidue remaining :W~.t'. t'.t~ken,lo~s9 •and. .. ·extx-a.ete~: se~era.l · .. , 

i· .t1mes Ytitlt 'tYa.rUl :Jttner; ,tht1 :.mi3't~e:bt;l1ng fi;._1;ered:ith't'Qugh 

&· tritted dJsk.filter;J1tter ~ach e:ttra.otiont, The·. ether ' . ' ' ' . ' . ' . . . . ·.. : - . . ,, '. .. '. , , ' . t ' ' :~. . , ,. . ·. , '. : j • ~- ' • • • ' • ,• • 

·; :tiltrate:3 were c9m~ined and:.,e~e.fflr~t~d Jrt ~-·· ·st~eam .. o~ 
,; . T,t.t$. solid· so obtairie<l. was ::rlll,'ther ,i:tied on ,'a., o~ay- p;tate, · 

i , • ' ' _, ' , •• • • • ' , • / .. 

. Tll.e 1:teld. ,·of: prodti~t :inel~i~s .. a~. ~5.geOp~., Wa.$· l ~ram,:' {7. 5~). 

·: _Exf!IQtly o.~ 0~ tllis:. O~U(h?. pro~uc~ d;s~qlve~. by-
w,arrii1~. in :2 m+• · o:t .•tlthyL acetate. a~d then chill~cl in •.an. 

'' ' ' . • ' " : ·, ' :, ' . • '.. • .-. ., •· ·- ' • - .• .. • t . • ' •. • ' " 

l;l~t~pted rec+rstfl:l+ization aft3r >'the ,method :<>t, Tn:iele, 
• • • • " 1 , , ,• • ; , •' .', I , , -,. 7 "'"., • , , , , ) , , ) • 

'!i• .. a.l.. _,:Jie ,.w.atett1al; .hOW6:ver, did n9t· pre~ipita.te, even 
) . ' ,. ' ,, . '' . ., ' ' \ . ' 

afi;~ the:aolu.tion_had b~en. stored in ~ha dry,ioe chest 
overn~ght. It was necessary to evaporate the ~olution in 

,I. I ' I : I 

a stream of. au~. linen about three•~ourths. had evaporated, 
a mush was obtained and dl'ied on a clay pJ.ate. The White 

, • ' ; I;< 

~ry-stals .melted at 99~100°0. 

'l?urification by ·subl;m.ation \*llla unsu.coesstul.,· . At 2 

, mm .•. pr~saure, wt4te,$J9~d~r( '.wh*'¥::·fi1.alt~- t\t:.':i1~7i19°. 
· ~.tl.n boils at l.$0~le3°{_ sµblimes . at 90° . Ch 

' • ,', ' ·• , ".: · •. ·: • •. ' .- ., ' ,-:. ' • '. _.. ·. ·.; . j ' ,,. • ' • ·' 

, 4.~. .Sutter· ·solu.tionst'. .. , ,· 
;,_ • . II 

A s_er1es ot·· buffe~ 'sol.uttons_:·!erema~.e··a~~ording ·t.o 
Cltirk and ~ub$ and Sl,ven, by i\~lthot;; &tu\ ~i t.i.11!.l,l,l ;(;t4;1~:. 

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

. · pag~ 32•3? • , c'l'h~ ·,veigh.ts 'of soli9-s.":~i1ten.' ejia those dissolved 
\ , I ! , ; ; , • • •: , ' , ' I'•. ,: >j , : '.. :'.•~• < : • ' • ,: • • • •, • : ' :. 'r I ' < , \' 

in. a liter o:f $Clu~'1on. and · th$ p~< yaa meastu!ed b;r a Beckman 

pl! meter. 



. Na.OII· · 

· l~aOH 

. ?1a9ll 

. K¾P04 . 

.. NaOii· 
. ·. XQl 

~BO;;· 

NaOll· 

lCCl 

'~1303 

: ~. ! 

'.: 20.4 ·• 

· oto48··mo1es· 
':0,10:. ' '·. ':. 

'illolari·ty. ·0.148 
. '- , · pll . , ' '4,. 64 : ·.. .. : ; . 

• •• • .; , , • 1 : , • m.ol.arity ; o.1s1· 
·: pu·· · · 5.-44. · · 

.' o,io· ,: ... · 
0.159. : 

e.;94 · :· 
.0.094 
o~io· · 

. molarity . ·0.194 · 

pR .· 8•04 

·· lJ70.'-

.:r;,.4G . 

·.·•·e~.~o :·- -

0~043 . 

0.10 · 

0.10· 
;molarity · Ot243 

. ,3,51 . 

7 40 , .. 
pH ~a.va 

molarity-
pH 

o.oe5 . 
0 .• 10 

~.:10 
0:.283, ' 

9. 52-.~.,,86 

.,.',' f.; 



th '1:etramat~li:tl atrononiu.t1i b:t·Omide ~.<~ · ·, , ·1 •. 

· The te'tJ:·am~thyl ·a:mmoltiuni !b.rom:tde wr1s 1bbtabiod 'fro21i. 
, ,. ,,, ,,: "· ; :··. ·~ 

East10.a.n I<odak- Con~pany~ > lt '.v;a;: trne·esaa~y ,tct :recryatulize · 

·t11e/salt seieral: tit.aes- to' ,reJlidv~, '.:iJhpUJ.1_ ties .· suft:toiently 

so.: 'that: :tlie salt could be i use-tr-as.: & ··pola.roga•a;ph.10· el~ot1 .. o-. 

l1ter : Sev¢ral .refera1ic~s ·tor: .. te.ortstalizat:ton ·ot>this 'salt 
, 'h', 'f: 

we~·e:,·tour~- (l.32) .,· 'bilti no:. pro~edui~es; ivere· giV$llt'' T".o.e ifol-

lowing procedure t1E.ts i ado1ited.:· . , :- ·, • · •,' ., ·: · · -· :· 

. ,; ;-: ,_ 'll>.es impure. ttait.: ('20: grams) :.v,as dlssolv•~di:by ·,varmiilg 
in 20' grams (jf d1stil.l.etf v1a tElr ' and' fiftered. :· .tllro ugh'. a heated 

filt~r., '·Then 4Cfml.~ ·oi :ethyl•: alcohol< {<H5}$r\Vfis:,a·dd~d slowly 

v1fth :vigo;-ous stirring· and. 'thi:t mix ohil.i'ed ':b1 an.· ice ,b~th •. 

·Att~· oo.mpletij orys~a11i,.=itioii./; the -salt· was:_:tl.lte~~d a·nd. 
dried: in a Vtiottunt' desit.m tor 'dn , a, clay' · pla tet· The , sB1 t ~ay 

be ·teo~ystaliied aga:Lh vd.tho~t a~;.ing::aomp1.·Jtel:r~'. Th~· 

or,Stl¼1e abWe 'WElr~' <ti1ter8cl on,aVe.oU~ i"lltEll' alld, d1e~o1V-

ed 'tn t,vo tld..rcls th~ir :\veigll't •1rit: water,: · To . preoipi ta te ,. 
aloonoi equal to twiciai · thtf weight of crystals·· was aided. 

The ;ield : is ,40-50?;~ : but' the ~em81n<1er ot: t!ie ·., eal t. ma:r be 
" . " ' "' , ' . . . 

recovered bt EWapQ~&t1~ tbO f11t2'ate to drynSsS. This 
I ' ' 

salt ·ca~ot 'be letf·on ·the '6lay• pla>te· to dry~ for long periods 

ot time:'•·. If ieft·'·tor ·Ii.tore ·than twe~t1:::tou:r· hours,·· impuri~ 
. ' . ' ' ', ' ' ' ' ' 

ties -are tormed in the ·isa1t· whieh intertere_·with' polaro-

graphy. 

6. · Saturated calom~l · e+~ot:coda:. ' 

Sevor:al oalorn.el' e~ectrodes wer~. m.adaf but the .most 



usetul model, prepared acoordtng to ·t-he dfreotions ot 
Kol thoft and Laitinen'.;. (144) • page 84-85, is shown in 

Figure I, · page 45. 

Triple distilled. rnerour1 was added :in tbe bottom. of 
the cell until it covered the platinum sealed.through glass 

• I • 

electrode. On top of the merourr was placed a layer ot 
paste made bygrin~ingmeroury and .mercurous chloride to-
gether in e. mortar. · Then a saturated solution ·ot potassium 

ohloride was added· till the end of the oonne·oting tube was 
covered. 'l'he connecting tube had been previously .tilled 
witn agar and ·saturated· potassium. chlor·id.e solution and 

allowed to solidity in ·theconneoti-ng tube~ ·the agar tor 
the connecting tube or bridge· v,as p~epared by warming .30 
grams ot potassium. chloride, 3 grams at agar and lO~ ml. 
of water until the solids were oompletely dissolved. After 
the bridge ttaEf filled• the . agat' was stoppered end. · set aside .. 
The next time agar was needed, 1t was war.med until 1t melted 

and used as before. 

;Apparatus 

In this 1'10rk1 a Ue3"1'oval<y Mod.el XII polarograph built 

by the lh R. Sargent and Company ,ms usedi This instrument 
automatically ~eoords the current voltage curves on photo• 
graphic paper+ The curves are obtalned by developing the 

paper by the usual photographic procedures. A typical polaro-
gram obtained in ~his work is shown in Figure III. 

A polarographio cell was des~gned a:nd built ot pyrex 



glass s.o :tnn.t · 1.t• ootU4 .be,:oonnected ,dth a ;gas·; burrette 

a:nd, the,.·oxygen· up~ake:'otirr,ele,.ted t~th .:the pblarographio 

ditfusio~ current.~. .A drawi11g ot :the CEill is shown in 

Figure ... lf page: 45~ .. 

·. 'rb.e essential· fea~ux-es, .ot this cell are. :an inlet at 

the botto.Ql. for tntrodue1ng m~o~y·, a. capillary outlet :at 
., . ' J-

the top ot the oell. to, introclu.cing so:tu.·t1on and oxygen,,. 

and two· eleotrqdJ .leads. into the •solution contained. by · 
r, ''If , . ,-

th, ~ell., .J>ne.,alecti-ode].s: a tube sealedwitn•a ring seal· 
a 

thrOllgh ,. the $1de. o.t . · the Qelt, ending Wit.ti a·, fr,itted : disk 

in.the solution •. ·When the,tr1tted disk"is baoked·up with 

$gf:lr·. satt#a ted .•with potassium. chloride•: no ., solution passes 
• ' .•. , ',, ,,,, .. + ' '· 

thro~h, UJ.e:disk •. · A .. saturated· solut~on:'ot· potass~tim chlo-

ride;11iui pou.r~d · ove~ the :ae~r. above the t~i tted disk and 

the asax-: bri4ge of t11e·sat1J.tatea. calomel half cell <J.ipped 
l < ', • ' • ' • ' 

1n~o :1'he saturated po-t;ass1u chloride solution. .. For ;.tht1,, . 
dr~pp1:ng mercury electrode• a ,12 mm.Iii . I, D. tube was •. sealed 

thro~ the top of;the cell by means ot a ring seal, The 
lower end ot this tube is a 12/15 standard taper ground 
glaas female .301nt with ground surface on the inside, that 

1st the 3oittt is r,everseii as c.om.pared to no~m.al ground 

glass 301,nt~~ · The· oa.p1llarr enield ls. ~s~enti.ally a 12/30 
' ' 

male gi'ound glass Joint ou.t ott near the 3oint and with a . 

a mm,. X. D. t~be sealed on the amJal.ler end whioh leads do·wn 

·tnto the aoiution• At the lo-wer ... en.d. ot .tllis capillary shield 

is a tanlale ground glass .joint wi~~. ~4,El •s~ound e~taoe on the 
inside, approx1.tr1ately 5/20 standard ·tape!' size. The dropping 

~44..,, 
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~elZ'ourt ,e;ectro~e. _,~ap;11ar:, is 6 m.m •. I. D.: marine capillary 
tu.bing, o.oa mm,:. I. D,., !and ~a available ,oom.m.etoially-. It 

has a taper,grou.n4. on the.and approx:tinately 5/20 standard 
taper so:that it tits the joint at t~e lower end of the 

capillary. shield and, .prot~udes t~ough the -capillary shield 

and past the end trQm 3 t~ lO; mm.~: 1 The ground glass. joint 

on.the. end of the.oap11lery and·the loint·at the lower. end : . . ' ,, ) 

of the oapil.l~y: -s41eld :were made bt. the Etuthor. and the 

method • ot grinding them. ,,111 be . d.~soussed la tor in this 
thesis~ , . Botn· electrodes are )JnadEf to 3ust make: ,contact with 

the liquid solution and not. extend.tar enough so-that the;v: 
will. be lli t by a ati:rrer b_art The stirrer, ~ar is a glasa 

enclosed magnet1o bar floating on the surface ot the mercury 
which v1as ,made to- st1r the ~olu tion by means of a· magnetic 

stirrer placed below the cell and a copper temperatitre · bath. 

Tb.e top paJtt ot the o~ll cont-sins the .two elec.trodes · and 

the oxygen illlert.· and. is mad" 9t a f•em.aJ.e · 45/50 standard taper 
joint, '.the lower pai-t ot the oell oonta.ins the mer.oury inlet· 
a.nd is made of a male 46/50 joint with a flattened bottom 

as shov,n. by ligura lt page 45, Since the oell wa.s o.ompletely 

filled with mercury- at time.s and became heav.y, it was neces-

sary to oonstruct-a,sling ot thin copper stripping to hold 

the oell together, A copper strip 2 mm.,. thiok and 8 mm. 
vd.de ivas bent around t.b.e joint otr the upper part of the oell 

so th~t· iii oailSht on the tip• of tht.i 1-ower end ot the female 
Joint, This:strtp was;bent-with'a loop on·on.f) side o:r the 
cell and the two ends on the other side :Of·the·Oall at right 



. angle to-: the -·oel~:~{L ~he ·strip •iraif :tightened· aiound -the· cell 

.,11:th bolts: and·,nuts through .the ··r,1-gnt·'·arigl·e, 1'6op· and 'through 

: the- ends •protruding·· at right ansltf to 'the··\,eif.•· ··The right 

·angle loop and· <t11e· ends tft'.rfgb.t' 'arigle····to ·the.;oe1i• serve 

as '.suppo~t tor the oC>pp~ sling pa1Jsing' un~·er_··the ~ottom · ot 

the cell~: :fhi~ ali.tlg ·1J11aa 1 tio~per -'stripp:LI1$t·:- 0.:5· mm •. 'thick 

and:., 6: mm_~IWia.e,·, 1and 't'l'eiible,'. The··· end's treie ·soldered· ·to -

Short, right: ·angle -:bends ·ot·'.tne:•·he~vier ·oop~er: i-ttripping 
, ' 

mentioned above· which,:hav1e: t::.toles dr:t::lladthrougli the :center 
' • ' • II 

of,: the., part ·ot the·: bend l>arallel to 'the· bottom 'ot · the cell.,-

Sro.a.ll.;. bo~ts: tlli.~ougb. :these· <holes: a'nd: t11r·ough the· ., sti.ppor ts 

. ·on the top part, Of.· the" oell-; ·wer·a ;_so~ewe~' lb.rough'' small.' nu ts 

tp hold the· sling fir"m+Y- -to: the ·supp<>tttl ~n- the .-upper. part · 

of -- the cell·. and. thus :,hold.:/~ha t,,:o 'parts o,t: the oell together. 

It is believed· :tld.s worli·- is the<first time ji dropping 

. mercury capillary .w1 th a gr·ound · joint has been used. The 

advice ·ot Mr., Fred--Rustenbaoh1: eiasablower tor the-University 

tit Kansas;· concerning ·-tll~ ·grinding. ot these 3o1nts: i's fully . . 
apprecie,ted. •.: On end of a -soft; :iron 'rod, e mm.. diameter,· was 

' ' 

tapered. on machine ilatbe to. 1.nalt~ e. me.no.el.. .This tapered 

end has the taper ,to be ground :11H;o th~ glass ;and. if the iron 

rod has a standard taper, the jol~t,'will_· be standard taper. 

In. this work, :the m.and.el was· a t:rfaotion ·ot a· mill1meter ·dif'-, > . . . . . 

feretit frotn standard taper· a·nd '.th~ joints did not q_uite tit 

a standard tape~ joint•- · The end. ·;:~t·,an· 8 mm. I. :D. · prrh tuba 

w:as·._ heate~ in an: oxygen to:coh. to:' thicken :the wall$ , ane. shrink .. 
the Walls of the tube· a-t the ··ena,. · J;t:.wa~ ,)heat~d- in sucli· a 

• 7~~-



. . 

·V/81 'th!t' a ·tape1f~1fc!a~fiformed /Oli' ·the\1n:s:1ae: of the tube •. 
. ' ' 

''fll.e • -end( ~f the .:tube vta,s; shrUUk .sfu.Q'dtb.J.y· tq~, about. 2 . .om, 

·of ·the·1end.>·ot .tlie tube unt11 ·the\inside··a.1$met~r at_ the end 
' ' 

was :·aboutr1-2; ·nuur :tapering Up to .·tb.~: orlg.in~I •diameter -ot 
• , . • . , , ~' , I· , . I • 

'the;. tube',li~bdui- ·2.:3 .om_,: "tti.ifu.:; ther ·ena.·, t ,The_; mandel 'Wt1S at-
,·- 1, .;,· ''.· · ..• •. ' . ·• 

taahe4' to ~- ;tirr'er' in.otor' wi~h ·'th, nj~ndel(:;#ah$1ns ':t}.o~--.mrd.-

Thell 'the· gIO.ss , tUJ:ie, ,, Pr~,i.,ai"et e.Wtt ~cf ~001 ea, · vra S slipped · ,· . . 
over tll~- mEtJ<l~i/ s<f that ·the' maride:t>ttiper :was ·touching the 

:glass·:, tape~ ;'otf ! -~he; insidEf ':Of the' ··tube.··> A 'lUUSh' .ot 200' 'mesh · 

carhOrundwa. ana:-·water' 'was ::te·a.·-into: the' :·siasa t tube ·so'. ·that· :·. · 

tt· VIO~ked_.'..l)etwe·en ·'the':maridei'-'arid''g~~-~-ts' ~nd. 'ra~·'out .. the'·, bottom 

'into i ~e·c··ea:t~~. 1place'd :thar:•· ·tof tha't. ''pwtpose~ i The s·tirrer 

motor' v1aii 's~r't:ed and with. the '<fo'i/bortin~~ · mush· beins con-
1 et~ntif f'ed ·1nt·ti ·tile 'sr·1na.1n,r ;su±-feoi~: the glass ·tube wa·s · 

'pushed g~nti;f \.ipv1ard against the mana.~1.·_ ·- when the gri_nd 
was· ~na_ped ·,to: a. ~moo:ttf ·taper~· th$: :20'0 imesli ··carborundum was 

r ~oved tuiti' ~oo· 'm~s.ti' , carboJj~dunt · ttsed 'to , oompl e te 'the -joint• 

The, tiner' darbo~Utidwzr torm.ed 'a '81110otber '~urfaoe ori 'tlle 
.. , 

,oint. '.rfi(.1 sritiding waif contbiu.ed witi-1::. the snialfer_, end. 
of the Joiiit: at· tne: end '.ot ·:the tube ·_was. about· 2f .. 3 mm. in 

tU.ameter u.nsidi)'•~- : ·:1:1,,1~· tinfsliea .i'oint 'can now b~ out .the 
prope:tr l~ngth' an~·· t:t·eale<l. onto -a·' ·.1·2/so 3o1nt ~o l~ake the 

. oa.pillal't: :slliel.d'~ . fhe' 'mande( can be used to malte, 15-20 
'. · .. ,,·. ;., .. • .. ' , ·1_.: , '·. I.' ,j'. '·. ·:.·•. · .. . _:, 

j o1nts bei'ore :1 t must ba reshaped. 

1'h.e 'o o~e'f 01e:i11 t avo.ila bl e marfne ', capillary' , tubing 

~sed tor th8 dr01pih{5 meiourr el.~otl'Ode was not· ot pyrex 

glass, bU.t H could' be s:round to a de~i:i:-~d taier in the 
··-45 .. 



aame :way: as.·pyrex .gla:ss,, . <The .. endiJ. ot\a .Et.e~~io11 ot; th~s 

tUb:ing; abQUt :'15~1~ :Om~: lOllg/W'3r,.-:;:h'aat~.:.;n:._a ,ti$lll_G- unt~l . . 
they , v,or,e QOP,.Pl.$t.t;,l7 . 8,8~4~4~: , Th16l ; s ~ec ea~~~r · so . that . · 

oarbo~u._nq.~~._,voUld,.. no~.- ~or1' .iptp : .. the. oepil.l.~ry .. while .grind-
J . . ... ' ,'., .·· ,. ' 'I_ • •• -·, ' \ 

/ . } 

i_ng,. ~~1-: ~l.Q$. ;~t• ... -~,,S~in,~:tµg .:_tool. -~~a.:tna4l:>:·t~.on,t :.a _f1tr1,· ... ot 
,;··, •••• j,I ' •• "... • ' • • 

ti~ io. : tlm.'flons~·: :,,VdJ1.~ 18.S., t~e; ~ap<a;r .. o+ ·the mande,l: 1;8 . long . .", ,\ ' -~ .... """· .. ' .,,, ·- .,,,, .. ' ' ·•-- ... · /1.:'.·_> . . ' I '~ ' 4 " .~ 

and, about o.s .mm.'. to .. o.4 :mm~ . thiok. '.:: The tin was seleetad so 
. . ., · .. ' ' ',; '·. '. ,,:·: ... . _,:: .• ;,_ t .. ·• .. · i, •.. :•_: .. ' '. , ',.' .. ''.',: ·,' ,·, ·, .. :. : ' ,; •·. \ ,' 

the; 1t,1s- tbick enQugh to: hold its ,shape as long.as possible 
• , , .. , . . ' ' 1 .• , , ' • > ' 1 , .,, • • ', • • .: •. • • : - t • ,' ' ' , ; ' ., ·: l , • , • : 

and;_ atill ~Et ~~in enough. to,',b,e :-~apeci· ~a.silf• It, w,as ~haped 
' ' ( ' : ·; , . . ; . '. ' : .: •· . .'. : • . ( fr . l. ' . •. . '. :. • _; ' I \ r' • ' l 

by . wr~ppt~13 _ a:rountl. ~h&. ;taper eel . end ot > th~ _mande~ .. and drawn 
f_ ' '• ,' ,: i ·, • , • • :' ; ' • • •• I .' • ' • .' • : ; t· , ·. • _. ·, ' , : . < • •, •• '. , : , ,• , : •· • , \ _, ' 

t1s~:t J>Y: squeezing tJ;ie .ends,togetn.e~;: 1,n a: vise:,. 'l;~e:. jaws 
.. ·:/·:1, •. ••~ .,:., • .?<·~·1' . ,'' I . ,•, .\•1·;'.:.,·\,. •:•· } ' < " 

of: the vise ,1ere .plaoed .. on the .tin :close· to the· mandel. 
, • • ' ' ,. ; • '." ,, • • _: •• ':. ·: ' • j • -, ',' '1 '. . ' ·• • ·: ',, -· ' ,· . ·.:} . ' : : ' . .~ ', . : ' • ,· ' : ' J 

Wh~n,pz-operly. shaped.th~;i~side, ot the t_1n taper will have 
' . . ' . . ' 

,t.11~:. ~am.a t~per 1 as .t.ba:t ot._ ~~e, mandel .• _ -The ,el'l:d~,:. ot, ~he,. tin· ' . . 

were .l:Jent .. ou'.t-ward_ slight;y: s.o a.s to tom trov.s~. . T~en 
the marine c.,ap1llary tubing,·; sealed otf and cooled, was-.- . . .'. ·. -·. -·- '.' .. •: ',._. ,',. ·'. was .· . ' 
oop.neoted to. a sti~rer metto,r so ,that .the tul:>lng/noriz.o~tal.~ 

' : . ! . ' '. . ' . • ' ., • ' ; / . ' ' '· ' : , ' ! : . . ' ' \ ·' . : . ' ,: \ : : •, ' 

,~tn grinding t_ool:was held .en: th~ end ot, t,he capillary·.· 
' . . '. . . . ;. '·' ;. ·~ ' ' ' . . . ' 1 ' • 

. tubing anct a mush ot 200 mesh csrl:forundum ,andi water ted. 
"'• ! ' ,· '<I .'· ,••.-.,.-: ,,· ',;_,.,"., : ,''. •' •:--, ,:,.'_.•,. :,· •, ,• ,, • '[.' ';," :, ii';·,•( ,·:, i • '., ·•,,• ,! -,I•:,,;; ', • ',.':1 ! 

into the trough. , ot the grinding . tool. ··· TJ.i·e eti.r:rer motor 
• • ' ' ' • ' ' ! \ ' -'.. ' ' ' - .. :_•.' . : ' - ,, • " ' '. '-· ' : t ' . i' ' . : .,: .' ';,." ' .,.,_ .. ·. '1, ' • 

•1~s e_tarted and:.~tl:i:.1;1,1e.,c~r~oru~d~ m.tuhi·:bfli~·. cn~n~tantl_y 

ted t~. the. g1'1nai~ s~a~e;;:.i~~ tin tool ~s pl1She4 gently . 
. ·. '' .. ',', ••,'.,,·· ... ·. ,:'.· .· ·,,.··.~ ',:i -~ .... ·:_, ·.'' ,!','.,~, .. :;.~~·.- .. ·: (~,- ,•' '.. ·::··· ,::·'.;:::, ' • '. ~· 

c;>ve~ :~he $nd ot .:the: cap~l.l.ary .. tubi.ng. W~en., .t.Q.e ~aper was 
:., .. .. ' ,, I \ ' : '.'11 •,; ' . . : ' • • l • '. '.: • : ., ' • ':, . :·: .. ·' \ ·~:,"• : .. ' ' • ' ' '. , ;. ' 

SlD.(?t>tbly_ ,shaped an<l, tb.e .. oapilla:r1. tn'b,illef\vas ·, starting. to, 
I . : '' '. ' ' t. •' l •, : ' •,,' ' I .· ', ,~. 'I . ~•:.:, :_; •_ r ·i •,i : '• ' , / ~• .. _,; '. '.' .', . ' ' ' ' /. ', ' 

• . . ' • 4'.' ' • 

p:t-o.trude .. th~oug11.t~B tin tool., .:t1i~>200 .mesh. carborundum 
' ·' ' • ' • 1 ' " ' ( ' I ': • • \ ., , , ~,: :·.,,,, ·' , •. ~i ; ,' , , , ; ' 

v1as replaced t:itlt- 400 .. m~sh carbor,undum. t<> giv:e a smooth 

. sµrtaoe: . Tlle Sl'ind).ng , w~s continu.e{i unt.il · the c~pillary 



protruded_.tttr9ug~ ~h~. ,J;in\ t:o.ol :_ a~-- leant•··:l,cin.,-_'.or · .. farther; 
.•:-:• ;_. : ,, ; •: ,, ,: • ~· •: ' :'' ' ' ~: ', \ . •: • \ ' ;' ' . .' ,. • • . • • . . ' , .. ' ' 

th~s the oapi.l~a~l'., ':l+li ;,.Pl.70trµC,-e. J:~o~h : the -· capillary 
. ' I • • ;_ t. . ·' . : " " ,, . ; . . ,L • ·, •• • ( ' • : ·: .. :· ' • '.• -~ : • , • • : • • ' • • .: 

shield at least i 1 om.. .Vni;,~l , thtl ·;oapil.lary. i_~ needed, it. 
, I ,; . ' . • · .. , ", . !, , • , -'. ; ·, :, . ' : .:'- . ! ;,. ~· ; . ., . • , . . .. ,,,.. . , . . . . , . . , 

," .. , . , 

is best k~pt as ;it is, •. e., .:t.he ,ends,, ~maled,-, so ,.ihat :no·· 
- ; ·,;· ;;.;, ' ' ,.:_ ,- '· . :.''.' . . •., :· t, ··:· '. '. ... . . ',\, . st 

_ foreign material will wor~, _into ,, the _ oapUlery: and clog .it. • 
') •• ,' • ·:·;,· i_, : ' ;_ . ~. .. " ": ·: '.' , \. ' ; : ;, . •• 1- ," • '·. / 

When the capillary _is .tQ ,b~ ·used, the ¢jltds ,ve:re cut off:, 

·s~ .~he .. desired. le,f18htjl: .. ~e cap~ . 
'· : ' .. ., J ·• ._,. . ~· . '1 •• •• : ,~ • • ' : • • • • _: ;_ ... ' ' • ' ' ' • • •• • • '. 

illary was ,ground dqwn ,1~til ... it ,protruded .. tl?,rough ·the :. 
', ) , . ' . . .. .. . . . ·: ' ' ; 

long to be out; o_ff ~s1ly,,and_,given a square_ end. '. Ii' the' 

end at the oap:1.llary trom i.vhio'3, . the , drops fall is not 
,. ', •. .' :. ,· .: : ... ,'. ,. ' .:· ' • ..· '! ' J 

~quare, the tormatiott ot .:the. d~ops will, b11r iri-esular. · · 
' .. ; : < •• • , ',, ' .... / • • ' • '"° . 

It ,sh~uld ,~e out so 'th,a~ 2~3 ::mm protrude: t~ough and be.-· 

low t.b.e capillary ~h1~l4 into the,,olution • . , 
The burrette USEfld et_ the bf3ginning ot this· work .was 

a 50 ml~ pyrex-g~s ~urrette ;sraduated every- Otl:ml•: whioh 
oan. be_ found ln an7 glass. catalogue •. · It was· enclosed in· . 

a gla·ss jacket alons.with an_aurlliery pyrex tube of a•pprox~ 

iDlately the same diapieter ~s .t~e burrette, but:extending 
' ' ' . , ' ., ( ' , ' , I .; ' . . • 

several oe~tim~t&:rs etbove_- t~e· .b~rott$. .At the bottom, 
; ,·' 

the auxiliary tube· a.n4- the -b\lrret1;e :Were oor.J1eated .to the 

same mercury reaervC)1:t .. th~oug);l ~n; F :~p.aped: adapter by means 
' ' ' ' ": ' .·' . . . ' 

of· short pitlOEUJ ot tygoll. tubi!lg~. . :'Ih.e. jacket· was fitted 
\ :.-·. • .. ., ', . ':•· .. ., . . ,. ' 

at the bottom vrit.b. an Jnl~t and at, the· top .·with •an outlet 
' > ' • ' I • 

so tna.t wa·ter could. be passed: ~hrough tlle jacket around the 
• ' , ' ·,···· ' '1 

burrette to maintain c~nstant· temp~rature.; . A •thermometer 

was wired to the a~iliary tube . so,. that_ the temperature ·of 

•.50~. 



the . .:vn1ter. and henoe;of the'. gt\.S\.burl!~tte could, l>e, .read•;· 
• . ·' ,· ' ' ' . . ·_ ·, . ' , . ' ' . . . . ' : t., '. . ' - . . . : . . ' ' • ; . • • . 

f!l~ a~il.,iary; tuba., :was ~~_olu.d:ea.;to.'. ta.q~li,tat~ ~E3ad1ng ot 
I : . . ' :,-· • ; •• ' . • ' : • • I . . . ., '. ' •, . -, . •' • • 

. :the.· bur:rette~: Bt· adj~stins: ::t~e .l..eyel~:ns. bµl~ res.~:rvo~~:. 
, . , . . . 

~f'. nierou,t so that. the1 ;e~e~1 ot. mer:ou.ry-.1~.t~1~ b~rette,., .. 
-~ ·,. ' ·,;_·, ' f •· • ' : •• 

a.~iliary ·tube·• .. o.n,l ley!31:l,tlg· ,b~b·yvere ... the,,.same,. volume 
' ' • • • • i ' I • . • r ) ; I • 

of gas is read trom ·th~ burr,tt~ ;was known: to bf.3 .that . 
' •: ' -. • • • • > ". ' ' ' • ' •. ' ' ,'• •. ' ; ' '_ - .' '' • • '. ' •• .,\ !, ' A ' ' 

volwne at· -the e:funospherio .. pressu:re 'o:e that mo.m.entl! .The 
; '. ':. . ' ' . ' • , : < ; r.· : • . • • '.. . • ·,· . . ,. • '' . , .• , : .: , 1 i_ : .. •· 

burrette· 'desc:ri bed ~'bove :wa.s , 4itfioul.t to. read .. to .. the. 
,, ,.·••: '., . - ' ' .. ' ·', ' ' - . . •\: , ' 

.nearest 0.01 ·mi. t .· and since tll<i oxyeen,,:_absor~ed in some 

runs was ·small, a>h1ll'rette was built, tha
0

t could be read 
• • < • • ,. ,, ' ' ' ' ' ' •• 

'easier 'an~ m.or:e .,aoouratel; •• \ _: ~~.e•,·loWflr part' wa·s·. tul)ing 
\ ' t •• ••• ',i: .. • . ' :.... . , ','•"•i-··. '·1 •,'. • • ' 

(not PJTCX) with .a diamet•r· about halt tha~ .. t>1 :the.• f?O m.l• 
' . . :, · · , ' : , ' · , .~ · , , { , ·;· , . :: , .• , · : F- , : ' t ;, , t, , , 

bu~ette described abovt·•.and .. sraduated; for .lo ml .• ,, every_. 
• • < , • • I ,' . , ,' ' ', · I - , '. ~. ' , , • , I -, l 

0.05 ml, ·. :,AbQve.- .this: .wa.e -~ :bu.lb ot .about. eo ml. capacity •.. 
, , ' ' ' ' ' , , ' , ·, ' ,, ' .' ' ''' ', ", ' , : ' . ' ' 

,This burretta was. :titt,e~. vt~th a wate~'. je,oket•'. a,ux~~i~ry 
, ' . ,'· ' '. . . ' :-·· ,, ' . .. ;;":'j":.. ., \'·,.: ' ' '.1, : ' : . ',! • . . ' : ' 

·tube and thermomete:rr,1.~ tb.e,,sa.me:ia:r .a~·;the 50 ml. b~rette •. 

The burrette -•~•Jotnecl to,,2 a:},a~µi~y ~Ub1~ at. ~he 

top bf llieans ot tygoi:l t11;~. .·· ~t/dapillary · ~~b.1µg led 
, • , 1 , • , <). \ • , ·.' • ' ( ,. .,, _'.: ,'..,, !· .:;·. :·• ,,,~ ..... / '.-',; /• ·' '.,... ',. , , 1-'. ' : , ' { ! , I ' I 1 , 

oxygen. reservoir._·.·. Thisi re!:lerv<>ir .ce>nais'1ed. ot e. .. le.rge .. 

• beaker ·oontabrl.fl$ watelt~ · ... A gas-b~~t~e .ups1~e aOV/Jl · ~n t~e 

· ,,ater trapped several. .hµl:u1re.d·.~~l~1l.iters. of ._.oxygen over 
wat~•- · '!he ca;illary .i'roi!l th; ,appar~tu$il~ · into this . · 

>' j ' ' , :,~• •' > ' I,. /, :,. ; • ' , : .; • • ,'- \f ; ; •:•, : 'f • ' ' . ; ' 

ox:,gen sample so that. oxygen could be drawn into the burrette 
' • • •. . ' '• ' ~. ". ' • ' , • I' ' ' , •. '.:, \ ·, :•-' •• ,· • • ·,' ; < • • ·, ' ·• " 

as ~eeded b1. :diJ:Jplaoeme~t .bY . .'~t,er. '. }front t~s s:t~pcook., 

2m.m.-: oapilla:ry _ .tubing l,~d. '.'iO another . 3•WBY' stop<look ot the 



sciue 'size •.. : T.ti~(s' sttipooh1f'vra.s· oor,.t1,aotec.l· to· '·the: 2 . mm..,:, · 
-c~pillal\V: tu.bin.¢' Gllt' 1ttJp'. ot: the'polai•o~a).;>hio';oel.f· b~t ineans 

-of tygoh to.bing'•.·::: The'··,stop'oocl{we.if arranged: so' -that the: ·. 

:polnr·ographid ··bell: tiouldi ~e-' cormeoteil .·. either i wi'th: -the _·· 
' . ' 

burret·t~i· or \\¥it!l a ftp:inel.~:-, :1.rb.e.: solutionil ·to :b-e 1·pu·t into ... 
the polaroet-apliio: oe:tl ·Were· pipetted_. irH;o 'this; ·:run.hei' end 

d:ravm. lnto: the calf ;:by·:,wtthru;awill J)f 'raerot1ry ,'t:1:0~! the· · 

bot tom'· ot the· 6 ell., · A, draw;n.s . ot" the en tire appara. tus is 

shown tn· J•igure"llt page ·53., .. -/ 
-- 1he .:burretta and. oonn.eoting ·cap;tilary- ·tubing inoluding. 

th~ filling funnal 'ware ··per.m.anently se·t UPo-- When necessary a: 

the' 'mar6ury ill ···the b'Ul'r-at·te tvas wit.hdravm.· and. cleaned._, Tlie 

conned tins 'capillary: tu.bi11g was generally vmshed. \111d . dried 

at the sarae t:tms~., · lfowever,: atter. eaoh l!un,. · the polarographio 
' ' 

cell .. \j1as 'disconnected at the tygo11 oonneotiori just abova 

the oell 1 dismantled,_ cleaned an<l d:ried •. till.en setting up 

the apparatus preparatory to m~king a run, 1 the upper part 
of the oell 1\Tls oonn~~tad with tygon and the tygon \\Tired. 

to insw:•a 'the absence of leaks.,· .111e olanip ·was platJed around 

the upper part cit the cell and tightened., fJhe dropping 
me1·cur:, :electrode vras ;J oinad to a .. l"eservoir of mero.ury ·wllioh 

cott1d be raised or· lowar'ed so _that inercurir pa~~in.g .through. 
the· capillary was und.er the.: pressure :,or. 'the.>'a.esired liead 

. . .. ;•,•.· . 

of ra.er'ouryt The g?toUlld s).a_sa ta·p$r o:t th& capillary was 
; . . ' . ,'. 

greased vdth a .Jllco,µ.e gi'"eas~• . 'I:h$sSre·~sa-·was u.sed_ be-! 
. cat.ise. it is insoluble in .near;y all' organic. corn.pounds ex'oept 
satu.rat6d oj-olie h.vdrooarbons; ·aycloJ:leJCane Was used tor-. 
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cl't:Hanih$ J;ll(; ', gr'otinli: · j oiht's,j1nd. : appar1:it'u1.{. ·art·er. .. ~sing,;; · Tho 

capilla.1,ty 'shield: we.so :s:Llpped .ov.~~< the,' capillary-: 'and: ,twist~ 

a:tew ::times :'.until' th&' J;rountl/ gl:aihf< joiilt: was :fi:i;-mly s.eated~ 

·Care·, wa's tak~li to prev,ent·; any; ot<the'. silicone, ... grease from 
getting on;·,the: end of;the·. capill.ar:r, :ainoe.·thi$'.,?fi•.1aas. ~he 

dropping. mercury· ~leo~~ode' 'tp operate 1.tt1properlt~•: • Next, 

the ·joint on': the· eatlllar;r : shield was. Brea.sad: with: the sili-

cone .grease· •. and ·tne·shie:td';::and: I oapllla.r1·_1ow~r.eo. into the 

g:round: gla~s 3oin.ti 1~ '. thtf top .o; ,' the cell. ··· 1t· ilUce~•1f~a, was 
' ' 

twisted a • te,vittirutf· Un t.:ti:: thcf, 3oint: ·was ·~1rmly· seated... The 

m.agnetio· stirrer 'bar was plaoed: 1 in the'. 'lo,ver· par.t of: th~ · . 

o ell. and the la:rga' ·~onneotinS ;ground: :,joint on 1 t th?r.oughly 

lub1•1ca.ted with the silicone. g±•ease ,mentioned above., . This 
, ; ' 

was; raised into place, in. ·t.µe,: ~Pller. part :;of\ the. cell, . twisted 

a few. times to ·seat:thcf jointf and·.tna· copp~r: sling.~ut into 

position:. and the ·oonp.ecting ,, bolts :tightened• . Al though there 
' . ' ' 

was soma fear.· of •tigh·tening ,thiEr' sl:ins enpugh to·,break tb.e 

cell, no ceils wer_e· b;roken{ .and: '.the sling· was· ti.ghtened. 

·more than 'enough· to,hold the· l.p1t~~ part o:r ·\Jne cell in place 

. when tha. weight· et· nearly' 200 •· ml. of n1eroury: vms bearing on 

it.. Wb.e mercury ··r.eservoir wis conneated. · to· th.a inlet at 
the bottom.<of 'the polerQgra:phic· cell and the· copper wate1 .. 

,· \ '" ' 

bath.ra.i.'sed a.round t.b.e oell·untiltb.o cell was oomplotely 
' ' 

covoreit •with th8 ,tater·. flowing .through the ·bath. · .The d~op-

piug q1ercu:;-y- el e·cttode should· ·ba covered ,d. th s·ome liquid 
' ' 

•)"'''ln: the cell ·a~ sodn 'as poas1 \>le, . since it haa a· tendency to 
. dry .'oll.t au¥·):,los·,· .. -Th~ ·polarographio :cell was not. set up 



ur1til; ·just '.b,ef'<.>r~f,uaEJ?:toi- 1 :tll:6f i 1aasoh~· i. .··,' '•. ,.· . '' '. 

!!'he ',•¢op~~f;;:';1aief::t,a.tii/',~#is: '.fitted 'vti:th.'.:bilet••and· outlet 

tubes·.·anf.wa.ter :,!fas'- oifriuiaie«·•. througl'l .. tha: ·bat11··and.: around .. , 
. ' . ' : 

the: cell so .as tb · .maintain .. ,the 'ce11\at ·constant t~perature, 

thert •is~ tht:f<·teJllpera.t~.e~ot:_the' oirOUlating ·:,vater, · The mag-

netic. sttrrier was; elaril:ped, .in · pla:oa. ·just 'belotrr :·the ,,-re ter · . 
bath.and:.touob.ing_th~ibath. 'J:t:mu.st be ·a·s .ol~sa ia.s•.possi'ble · 

··to, the· st:ttr~r· bar::~;,: ~tt. ·may. ·n~~ · t~rn :.the bar •. '. ::The ·be th· 
. ' 

mu·at: , be ot· :; a. :nQll~maenetio ma t.er,19.lJ < · · 

:, . , 1'011 .m.al-"'J.ns :polarogratnt\' without aixy · gas .m~~s~ements. 

e.w.a11 •.. 3ars. ot about ·50 .ml •. •eapa.:oity \vor.e µsea. •.. These .were 

titted. ·with. :the ~orract size .rul>~,t, $,~Q_ppe1~s 'in :Whi_o~ ·tour : 
', • ·••·: ' ' '• I 

holes ·1vere bored• 01:1.e J1ole , tor . tlle d~op1,ing :tlerour·y elao t-

rocte, one fo~ :.the &8ar,:br1dge ·of ~e·· $riturated o'alontel · 

elO(ltrode and :one hole :tor Jl . ~.trogen tu.bEf,- ' '.This ni trogeh . 
. ' 

· tube ·extends .below· .:the surfa.oe · ot the, solution and• 'it. was 

used to retr.nove.1 :oxyge~ from tha solution· bJ )u.bbli~; . nitrogen 

through.the solution~, 

f.£ocedure 

· . , • For pol.arogttw:ns ·of ,the' Ofganie compounds without measur-

ing oxysen:u:ptake1 the oom»ound waa distilled..trom.·a aemi-
mioro claisin flask~ · ro:r th~. ·runs in: which the oxygen uptake 

was m.easured.J the substances v1ere distilled.. trom. .. the same 

flask in an a'tntosphere .. o~. nitros$'--·: Th~ :::1yate.m. •V.Jae tlush;ed 

three, time$ ,d. tll ·nitrogen by '($\VaOiU.a'tillg; letting nitrogen 
, ....... 

into the system anµ evacuating again.: ,,t.11: addition, '.n1 trogen 
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was .'bubbled itkri:ou.gll):a:; d11.a\'11l\out: ca.pil.lary' 1n· t.he liq.t,.id. 

in the· :stiil;:pot:d~i.hs. th.e 41stillaM.on.; .. :··:Al tn.ough the 
: di~till:at.i:on's \ '\Ve.re i~onduo:t·ett\at, ,ti· ;pi-a~.tJu.re .. pt ;about. l() : · . 

' " .: ' ,: _.,, ... 

·, .tnro.. '' the·· flO\'l of 'iii tt-ogen ,VJar-.f: ~e't~#a.~oo-' i$C): tl $. :to: !IU\in.tain ) 

'!te¢tu6ed preas,tllti~l',,antl' 1:ia-re/ ni~roa~11.)P~;sitif3::thr~~gh th+:3' ._: i ' ' 

· a:,st~:: T,lt~. \11~ti).;1.at$ \'lab :i,~:e1/1nh~· nitrds:en: a ~qSPhere 

·-iu'iif1 ',•ieady i~or '(\Si3~ .· .·· Th~l1 '.th.~i OOi!lJ?()Uild. :'V(~S.'· transr~rad' · ',: . ; · 
. .i .. . ·• :. • ·•. . .• ''. . . • 

· as: quiokiy< E:fs; ,poss1bl1l· to·<.tlis·.,:t-eaotioh: o~i1,: :io: lte~P. oon- · .. 
• . . :' .,;· ·i.=, . ' .·' , .. 

t ' t I - -• ,, • .· •:1 •. ' ', > ,, •• • : ' • • ;_ • '. • 'r • : • '. . ," I - ' . . . . ,' ', . ," : : '; • '·: ,:: , : . . '•!·I~: ;, ; ' : '. ' • ,J ! ' l ·taot·, with 'atmospheric" oxygen.' at a;:m1n1m11m,.·. To make,,.s1.1.re·: · 

that' tail :·oxygen an4;· Peroxid-,s-: \ver'e·· :a'bse1{t~ <thcf ·1aotonas, .' 

· were d;1.stilied M0t!' M' ueser~b\/icl .above:<,:tfi~; mid.dlll; traot-

' ,:. '<tt: was ri~e,essart'.·that'. O~ygen 'be SbEient· ih"Olll ,the sol--\ 

'' ·vent· at) the·' ~tart :oft tll~'. run ·a.1.oo •. siltOe;,1rd1en ·saturated,· 

;thEr liolvent oontaihtf m.ore· thtfrL 'halt ;the;'·OXygeri ·for tbe up-. . 
take ·durins >the·: an.in'-.:·· :/Bu.'bblin.g ·,v!tlf nitrogen- was: not: suf-

tiuien.·ti eHioe< then· th(\); aolveht;•ttas-' saturated vii th :nitrogen .. .- · 
' I' 

·ana: w11en 't.lle·' \soiu:tio11a: ,vas: ·st:t:rred · in the ·p:restnoa of 

oxygen,' some ot, thGF.nitrogen ·escaped.·-into ··tn.e oxve;en oaus-· 

1ng a talae 1neasui'~..11ent· :ot ··the oxyge11 uptake ( uptake in.ore 

than observed}.,· · I·t tfa's: t·ound; tfatt ·heating· the solve11t ·to 

b·oilirJ& and '·cooling ·to· rootA teniperature irolliedie.tely :before 

·usl'ng elim.inated most: of ·-the: oxygen (nri.d -other gases) from 
. , 

the' solvent. ·The solvent '1va-r1 no~ ·boiled. sines boiling for 

a few min:'"'-tes ··onuses a <;harige ·1n ·pH ot some of the, buffer 

solutions •. T.tie solvents oontained oonslderable· oxygen.:wfth-

i.n oria hal.f. 'liour· attar J1eatins and-. ooQlin~h ··so/they .could be 
,, -50-



. /l.1h.e. '.1>$,'ooedtir~::for 'tstar'ting ·::a. .'?uri ,'!whereby :.oxygen uptake 

: ·()f.·.~h~ ·orga.11.tct :,(lompoun.dx:;rms oorreltftid::wi.th'.d.1ti\tsion · our• 

t wa tf relil tiv8if ,/3impl$J 1.fo:rolll'# titai fun·.· into··· tho ·•• Cell 
·.:tiiro,u.g,t>. t~~':it41.~t: -.~t ·. tbe: 'btJt:tom: ::<tt:··•the :.cell.· ·: >Th~· a~i, in· 
'ithe, c,ii ,1a~, extr:t+~E;ld;' ;tb,1ou.g,htthe. filling; funnel,. ("_WhB!,: ·the 

• '• • '" ' • • I • ' • , • tf 

,.stoppoo~· 4ust.; abov~: :~~_El//9 .. ~il_ •.y,as. :tt#ned ·in ~his dlreo tto:n.,_ · · 
·,~he,· oel.l ;,taa: shut· -vft';fr9lll·:_,thf#'; sas:. bU±r.eit;tt~ .. :• i:When·, the call . ·,•' ,' ' ,· . '. 

iJ{a,s,_·:c.omp~~~~ly:··t:11;8:4·-:nit~ '~n~·Qury • ~.nd'·•abput·_ ~.-Jnill:1.l:t ter 

y:as::_in :~h~ :~il11~: .:funnelJ ! the ·•mercury._; flpw 1vas:, stopped, by 

. :filean~· ot· a! stopcock,:-ba.twee.n:the~e~oury:reservoli'i sna. .. the·· -

Ct)ll~ :• t.Cl1en :the: conipo.u.:nd baipg: studied Was dropped into 
' ' . 

the- tilling .tui1nel~ ,11thd1iawa1_- of/,merour~rtrom· the cell·-
twa~t started- immedirat.ely: .:by\:lo:wer!p,g_ the ;res.ervoir: and . 
opellins:. the· s~opooak1:· At the /Same time,. thtf:· solution- in 
v:hiCJl 'the., orsan.io. 'Com.poµnd, was.: to be dissolved was pipetted 

,. • : ·.- ' :, 111 f" :· ' " • ; • 

into:·th~ tilling ~rum.el., ,a -·~ew-milliliters Ett a ,time. '.l:11us, . 

the: o?ganic• ·o~p~und,,,pas · completely vmshed into· the- call 

':11 tl1 t~e solvent.,. ·when :aU, the ,,sol.vont {bu~ter.· solution) 
· "had been pipetted.. into· _tlle. _filling :ru.nne1 · and : th.e level-

of _ the liquid had low&x:'ed: ~pt;o :t'he Qa_pillary . tu.be. connect~ 
: , <' • ~\ ' '•'· ' • 

· ins the til;litlB: funnel.. and, thf.l po).a~qgra.phic cell• -the 

t1ow. ot ·me?".oury- wa.s::stopped:,b!,· shutt~ng the stopoook- _between 
the mer,eul\V' reservoir and ,the pola~ographio oe11,. - With. · 

I ·,. ' • 

o.are,: the solution: .. oe.n. be'. ·irit~~dueed .into the cell ,vi thout 

letting. -a_ny. gas· 1.nt.Q_:. the_ 0~11. . I.f • the volume of: !solution 

- .has .be~n prope:rly,. ollosen. t~e,_ m.~gnetic·" Jtirr.e~ .may n~11._be 
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;Started:·atid·· ~Uli: ,,~~thotit' ]iittirlg 1 'the ;eiec'trod.es dipping 

<into :th~ ·•s'olutidn~·::'::·.ttt/tlia 'same ;tim.Ei:. ·.ncr }fa.~essti.re develops 
in-.'<the ·oeit ,a~;:a result, o·t'.:m.erour1·1enterit1g :tJie:ceil·',through 

· ithE(Jit'oppitiff mercuri' electrode· alid"o:rily: a'.·ve~y \siiall :surtaoe 
. 6_f .':'sol,ut!on, 'is .exposed :to at.mosph~:rio :oxys~n./i, tthe magnotio 
·stirr~r:•.vra.'s·.·run::u.ntil·, ... the•ro~ganicf.06mp6u~d'·jvas::complet3ly 
.a1s$Plve<1 'in tne· isol.''1<:!ttt;,e.ndi ;tAe ·~atitpe:ta:tUl'Ef Ot the•. aolu~ion 
'oa:tn.e: te><squ.tilori~' a.t·: the .. t-entJ;,erature :ot·; t~e· vrater; bath.:· 
Whi1e'· 'the' so:LutiOll tvas :~H.ia.Qb.ing · :~quilibr!umf ·' ·a} samp1e, ot 

' '. . .• . 

~xyge~ ~ms ·ara\m lµto• :tne: burrett~· :~n<l a:t~~r: it; h!ad reriohed 
the te.tJiperature,·o:f ·the ,water 1,jaoltet~ the;:init1a1 ,v-.1luma· was 

,_ read ·from· the 'bu.rre·tte: and: rec,ordedt 'When the:· $olution in 
i 

-the, polarographioi: cell ihad · reaohed ':temperatur~ and solution 
equil:tbriu.mi :·· the .;masnet~-c · ati:rre~ 111ns shut,. of{ and the . 

initial • pola.rog?:'am. 1 mad.~. i. 'fhen witll .:. the .stopcocks, a._ppro-
. priatel;r .ad.justed,· the':oxyge11 in• the· burretta wao ·trans~ 
. terred ·:.:\nto · thii .pola:x:og:rapl'li<l'· o_ei1• by :raising -the. meroury , 
resel:'vo1r·: conn.eo:tet\ -t,o\ ·tl1.a .·btirre·tte 'and -loweriry: the' reser-
voir oo:o.neeted to ~b.a· .PQltu.1osj:a.ph:to·cell..:i :t~hen ru.1.fficient 

' , I ' . , ,J 

·0Jcyge11: had', entre~e(i 'th'ei;oelll: th.tl' tneroury 'flov; :out or' tho 

polarograph:io .~elltwas,stoppEld'anu.:the.rn.eroury 1level in·the 
burr:ette, adjueted :unt~~ .ip11leesure .in: the', syatem .. \1ras. equal· to 
th.at. of the at.w.osplle~e •. , Tlle solu~1.on. \Vt.ls :,then·_ stir.red tor 

,, . ,·, ' ' , 1' ' 

.a,, short titae• _usually five,• Qr· ten miltutes a.ncL then the- oxygen 
I • . . ., - •' :, • •. ,, ••• , ' 

·was returned.· to · the• burr~tt,e· by '::reversit~ the above· preoedure. 
• .• ,, ' I ' ,' I; ' ; .' 

In:·thi's v1ork:; the.leyel of-,tlti, scilu;~on,was· raised to ,the 
s topcook j us} -above th~- ,_pola.rogra.1">~lirf 9e11' and stopped . there, 

,.· .. 5.s q' 



Thus,, the oxygen volume vtas tn~asured under the same oon-

d1tions as 1ni..tiall1 measured. Then ·the magnetic stirrer 
was shut ott and anotherpolarogram.madeon the solution. 
While the polarograph was running, _the··oxygen volume was 

,, ' 

determined and recorded •. , By oont1huing, this: process, a 

series of polarograms·were ·obta1nedw:tth ·the' corresponding 
ox1gen absorption. All ot the oxrsen _,abs,orbed was not 

reacted ·with the organic compound •. · The amount: of oxygen 

dissolved in the sdlution unreaoted·was:determined from 
each polaro$1'am i1long w1 th the diftus~on . current or , the 

•, ' . . r ,'·'.', •, 

organic compound. sine& dissolved oxygen,gives a Well de-
fined polarographic v1ave at a different applied potential. 

' J " ·', .• 

The diffusion. ooetfioient:of.dx:yganAt o0o was deter-
_mined by the. same prooedure desoril)~d above except that 

, ' - ,I ,' ' 

no lactone was present._ The· oxygeJn·uptake• 1-~•• the oxygen 
dissolved in ~he-~o~vent,,,1as correl~ted v1i~h the d11'tusion 

current, at •0.4 v,.- vs', SOE applied potential. Oxygen gives· 

a polarog~ap~o ~~~ve, s-tart:tns: 'at o volt applied potential 

and at ~o.4 volt'., tlia ).imiting value of the diffusion cur-
);·, '' ~' • •• • • 1 

rent had bae~ reached ·and the wave leveled off,. 

After determination of the diffusion ooet:rioient ot 
oxygen at o0o, the diffusion ooet:f'ioient, at 250 was deter.-

mined :trom that at the lower temperature easily by a ,com-
parison of the diffusion currents att:6° and 25° ot a solution 

containing the same concentration ot· oxygen. This was.done 
by completely filling the cell in an, ice· bath w1 th a sample 

ot solvent containing oxygen dfs-J61ved in it._ No gases ·were 
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pree~nta:tld· :tlle.ohlJ:oontaot·between solvent.and air:wae 
' • : ; < , .- ' •• " ~.., ' 

tn. the oap11larr tu.bing above. thEf,otal:t'.i),-.:· Atter·:determination 

ot the,d;ttuslon current, .. t~e,.·cel~ .and c~nterits were-warmed 
tcf J~soo · vthile .tb:e,·: s·o1vax1.t was allowed · to expand· ·into the 

tillinel otip.i.· When• ~em.peratu:re,equilibt~um~ was. atta1>;1ed• 
' :,. . 

.the·- dittus1on ¢ttrr$ntr was,,aga1n·deteft'l1l1.ti~(). •. /A· simple cal•,. 
' . ' ... ' ;· '.:~·;.\,' . . ' 

. . ' . 

ooe:tt101Jnt·•. at. 25~, pased on that. ~t o0c. ·. '. : 
For making polarogramis.o~ sol.u~to11:~ w1tlloutm.easuring 

>, ''j 

the oxygen uptake, 25 ml• ot solution·: was.- introduced· into 

the. previously c1,so:tibe~. jars.·: ~4e ~bpp1ng mercl.ll'y-· elect~ 

rode, calo.mel ·elet;trode1 ilnd. the.··td\rose11:,.tub$ were place<! 

in p~sition through. th$.:ru.'bber· stoppe~. ~nd ·the. solution • .. 

bubbled, yd.th dry , ntt.rogen ·fJo.nt-·,W.b.i~h all •ox:1s~n was removed. 
; J • I • ' ' ' ' 

Mt.er. abot.tikl~ minutes, or att.e;- .al.l:,otrse~ was. :removed· 
trom,e.tolu.tion, bubbl.ing 'V{as diaoontinuedby,shutting oft· 

.. 
the ·nitrogen. or by ra~.s1ng the. ni~~ogen .. tube until. the .· 
n1trog.en ente;ed. ,tbe .oell·,above:.the solution but_ not. through 
t.b.e solutiox:i:.:i.-: ,W' agitatiott of -the solution interferes .,. 
with the operation. ot the .d:t'oppi.ng mercury electrode• 

For the·.wox-k·· at .2s0 •. wate~ at this .temperature was.· 

passed tnrougb. the Jacketa:rou.nd t;he burrette. and through. 
the bath su.rrou.r.uiing the .o~ll, all .connected· 1n series •. 
i:i.:he temperature of this water waa· controlled .to within halt 

a 4e~ee of -25°; a .halt: degree· change .in tamperatu3:e change 

causes a Chal:lge in ~be dittu~1on . ourr~n t ).ess than 1%. · _The 

dittu.sion current_s· can. b~ measured from· the polaro~!lms 

•60~ 



with :an: aocuracsr;ot: .. :no·,.greater·than:-l%f so this preoisio~ 
' ' . , ot te.mpel'at\U"e ,·eon-trol ·:is; sutttoien~ ·to1t the. polarograms~ · 

' . 

.t\a can be ;sho\'111: ;.atet· 1n ,this .·,mrk.1'1,the :measurement. ot ·. · . 
;. >-~· ~. l 

ditfu~'i.on/e,urrents: were·; less pfeo1se: ·.than< the other· measure-

.manta~:: .• Scfttet preo1sion. was atta1n,d with,· the volwn~ 

!lleas~ementsJ sin<H~-.tne exact tempe~a.tu,r$_ of ~he :gas, .bur~-

rette :,1as-,. retd< at: the ae:ae · time· as . the volume~ . .- . · · .. • ., .. 
-For, the work·'at ·oo,. the :batn:·arouno. the polarographio 

CfJll vies 'disconneete4\ · f:ro.nr the barrette and. packed with: 

ice and v.rater~ ,: By-1ceeping the· cell well packed in ioe, ·a 

temperat~e Of ot ,vas ,assured i:wit,~n a :'tanse of. about : I 

<,h2°a. : ll~v,ey~rt' the··pclarograms can· still be ·read· with 'an 
' ' 

acou.raoy- ·. ot onlt ;abou.t<lji1 ,;stf 'the 'llreci;d~o,n ·ot temperature 
,, .. 

control. wa~f ~eate:t''tlian1;11ecessary~. Water passing through 

the' bw:-rette·'-jacket\waa tap: waterfwltibh passed '•through•',a 

copper· ooti 1 imm.erse~;1n ·arf lee, bath: before· passing· through· 

th& ·burrette Ja.cketf · :_Large ·qu·antities ·ot·:ioe ·v1ere needed 

to:·1te·ep· ·;the:;ch,p:per'· coil-' we11·\1hil.led-' 1i1nd the· water; tempera .. 

ture:· in' the ·o~r,ett~. j~fcket wes· not·· zercf,.' but· in:the range 
.. - ·~ ·; ' ' . 

of· 4-&0 u-.: 1 ·:ttowever·/·'b1: tee.ding the ·tertiperature•.: at· the same .. ·· .. · 
" I • .•. ' t, 

time a's;: the-·-•. burl:'et'te'.,,'.. tlie\ praoi.slop: ofc ·volume·' mea·suremen t 

was bet.te:tt ·'than'. the.' :pree1sion: of ·ttttuaion. cur'rant measure•· 
J I ., • ; ,• • ' • 

ment• '. 'l;ne· oxyg·en'. Was;· left in·) tl1e; l.)u:tr~tte · -several minutes 

on seve~al :ooeasions,' ab.ti· in.er ()liange·· ilf :,rolum.e. \VflS not~d. 

11•1ieretore, ei'the1f'·tne', teillpera•1foi!e o:r<:t:he oxygen ·changed 

rapidlf' to tha't or: tffe :burrett:e: or i:thEf temperature Of0 the 
~; , ' 

oxygen· stafed witbii this ·ra;ng.e · eve~· 'When '1n. the polarosraph1o 
.:;.51·. 



' • I '. ', 

-, For,-many ot :the ;,caleUlations,.:, th$ :ma·sa :·ot -m.eroury 

falling: :from. :'thel dropping .Jlie#cury·: ~iectrode per: seoond was 
* - : ; . 

n~<:i)ded,, .;:,~is oonstan~i. designated by .. m,,: ·was,.meaaured, in 

milligram~ . per seriond~ . , , This oonstan t: is dndepen~en t . ot : 
.the ·med1um.:1i;l v1.ni'oh the mercury ·drops, 8.1'$ tQrmed, but varies 

' ' . ' . . . ' . . .~ 

with : the p~essure. h.ea¢ . c,!. .merQ~Y<oh · the . capi+larr •· ~o · 

deterini,:l.ei.m, :the d.rQpp~~: me:,pu~y,' elat,trode :,,as. put in 

tt.istiiled. tiater aiu:; ,th,i he~~t f:ldJusted to the ,levei ·Whioh 
'' · .. 

Wf;\S t~ . be\ us~(l, T4en. a'. m,ioro tilnn~l. was placeil ; 1~ the 
1 
\va.ter 

below: t11e ,capillary an-1 ,.tile, Jneroury ·drops ·ooll.ected• :for -~ 
,< . . ' . . ·. . -.'. • ' ' ' • . : . ' . . ,: ' . ,- ' • ', •• ¥ \ . ' ' ., ' ' : 

p~rio~ .of tirli~: ·ts xr1.ea$ured,. ~~h,11 .stop;, wa~oht .. ·. 'r,he .;ioro. 
1 

funnel :was connected to. a we!.gilip.g bottle so.· that_ when; sut• 
•' ' '• ," '.. . ,. J ,'' /, • ., . : ' .: ' • I 

ficient me;-c,ur:r .. was,, ~olle?~r~l. -~.:t ~QU~tl .. b~ s~olted into , the 

weigh.ins bottl.tl• · The .tnercury '.;was oarefttlly washed w1 th 
• • • • • \ ,.1.' I ,<'•, • ,' ., i'. •, .. ' : s • • ,, '<'• 

':1atet, · tl;len :Wi.th acet~':le~ ~ll4- finally-. dried fl~d weighed 

on an· analytical,. 'balanoe. By" ~! simple oalcula tion:. with , 
\ • • ,IJ!i 

.the, we~ght. ot ~nd. the_: ~;me_ :durins, .. wpio~, it was col• · 

leotedJ the ~ons.~ant, · ni,. 1Nas ol)te.i.ned., . This opp.stant,_ was 

used __ as ~he ~wo· tu.1rd.s power,, so; ,the:precision ~eoessarr 
,, • ,, i I I, '! ,, ' ••,' ', '.,, i,, , ,. , )f, • j 

was easily obtained_by,tne-procedur~ outlined,•., 
' i . . . • . . . t . ' 

The polarograpn Via$- ()alibrated several times at. tre .. 
' :' ' ' . ' ,\ 

quent intervals. · Jll1$ was ne~essary because of the tendency-
- • ' •'• > I •' 

of' the calibration of this• 1netrwnent,• to vary.. The instru-

m.ent v1as ~alibrated by- connecting· a known resistance across 

the. electrical leads and_ makiµg a polarogram a.t the apprq-_ir-• 

itate aettingot the our~ent ~ensitivity selector after marking 



the- ·volta.se on.l .:tho->sensitive paper .at seve~al' places-~ 1 -

Tlien from tlttl , Vtiltagei. an~/ -t!1tf re~ia.taµce t :: the: ourr en·t J · · 

Was' $:Lmpi/t Caicul~ted.~1 .. :fh~; <f:tsta.~~~ .'()11• 1:/he griil)h toi'·;:thl.S 
' . . 

runperage WUS 'm.etisUred ojl th~ POli,\1.•cs~ani: ~d. 8. &illipie 081 •. 
\ ,,. ' 

oulation /Sa:v~ ! t11e-; ouri-erit :per .:m11l1met~r~J- 'on: ·the: .. polaro-
Sl'wns 't~ct·Wateh. a ·a.i:rtus1on: QU.ri•ip.f ts detEirminoa~ ·th&··· : 

lieight of' the ,::,wave was 'lil8&e~ed1 i~ fa~Ilimeters· ·a.nd. by.multi-

pltoa tiorf bf· the 11ppro~riita :-c~;6nt' · s-en.si ti -vi ty :~ · -th.El . our.;. 
I . l . ;'.: 'I' • • 

rent· 1fr·;m10:ro~ampex-es· ,vas· .• ~~;t~:tn$a.-•. · · - :, . ·· 
' ., ' ' ,; r:che··;time ·:~or·: a-' dro1)'<'ot,:•:m,erc~y: tr.> form,•:and'::t~li' ott: 

t.lle oQpU;:J;itl'y>tsiall J.lll~Ql'te:11 t i'ii:o tor i,tn ~liy ' 01' • the oil-i . 

oula t_ionsii'·•·· .:t-t>,1$',:4~U=J1gffl.l;te*'·''.,l)y.; _:,tiia.rid:'l_a·. given·· ·,'i'n · s·e~onda·. 
< ' • , - ,', :, ,: • • ••• • ! •• .' •, : _' _-, ;;:'I'. ,' ' '' • ',, • :, •, ••" ·:' .• •·. I·, • : . • I . ,"_•• ' • : ft, :1'. ,'ii';'\). • .. •: ,•·:, ','' .' • ' • : '1 )• • /: ' I ' •. ( ... ,• . , .. 1 

It was ·deter.mui~d ·t9,..· .. e-1Jol;l· ·polarog·rf.Ull.?Et't ·- that· ·vol tase· tor· 

which the· oaJ.ouJ.ations lnvol\'ing {,e~e ~6 ·b8 inade~, 1 It 
v&rieS botll. wtth the inediU!lt· ~nd ti~ :~Pited E,M.ll\' and thus 

"; ,) ,'• ,, ' 

camlot· be··:a~i~z.niih-aa. ~eviotts'· t~ .:th~•-; pol~rogrem: air cart be. 

done with·m._ . 'A ·st.op watolt is :Ooilvenlent ·to meas\11'& t, since· 

it is Used onl;r ti> th& one s1~tll and hii1;h preo1S1on ··· 
is' not 'n~oessari-• , fo make thi.a·-~e_aetn-em~t, the drops fall-

'· ; : . ., . ·. , . ~.': ; . .-, . ,. . . . . . , ;" ·' ·:_. ," ,' , . .. .·' '\' . . ' . ' , . , ! ', .. : , •, ' ' i / , , 

ins from the oap;tllery in solution .·were wa tohed when poes1b;1..e • . 
When the capi1lax-y (U)Ul~ not' b~ s~en,. as' ,ma ihe case when 
the cell· ,1a~ immersed -in loe, the falllng. and forming of 
mercti.ry.drtJps_we:r:e Obse:rv~d l.lywatohing'the visual scale 

' ·' 

ot the polarograph• 



Method. ·9.t ffpndl.i~S. Data.·. , 

'. . . . . '~· -
I • ' > !• >' ; 'l 

·~e a.:tttusiun eurren~s w~re measured trom. the polaro-
: , , .. "' , l•· , . , .·!·,··•· 

(grams "in the. usual. manner. DuriDS an oxygen·. uptake deter• 
-t t •' 

m.1na:tion, the :residual Qurrent could,, not be determined tor 
' < ' ' • ,< ' 

At the low applied poten..tials at which 
<'·.. ~- ·:· ·'r i. /, \. · -~ · . •. ·: -. .-. _., · /:~:. /_ - '.· . .. 

' I 

oxygen was measured,· •0•4 volt, the residual ourre~t was 
.. ! J ; • . •, I \ . ", • ', • ; , ~: ' ; " . ! 

usually less than experimental er~or and measurements of 
< , , I, •, ';; ,. t ,·'·: ,, ' ' , 

the diffusion Otll't-ents ot oxygen \Vere usually measured 
. . ·' ' 

~· ' . 

tr.om the zero line ot _the polarogram. The zero line was 

marked on ~he sensitive paper ·before m~.king the polarogram. 
. : ;. ' i ., . ; . § • : .. : ·, ' . ; • • . ' ;i ; ' • . ; : ·; ' . : . ; ' ' ' ,' < " ' 

Th~ res.idual current .~t .,;,.0.4 volt V,18.S measured 11:1. a tew 
. , l . •, , 

cases from a sample ot butter solu.t1on lef't over after re-
mo\'a{ of the. amount ;e~Uhed .for. the .,,e':ermination.

0 

. Tilus: 
'. ,; 1 '! ;· ', '.' ; ·.'· ;... ·' / ), .£ . ··:' :-··: ':. ' :.·,·~ ;· : '. ' : : .' ' ' • • • ' .' 

1 t was measured on a sample ot s9lvent ~vhioh had l:lad the 
,,, I ! : . . ' ' ,: : ': . . 'i ,, . ' ' ';_ .,' ·'' ' ' , ' : . ll 'lo ' " ,. , ' 

same treatment (heating to boiling temperature) .as that 
. ·, ! ''. ' ;, ' ' \ ' '' . . . . ' ', '• ':· • ' ·. ' 

used but had no lactone dissolved :t.n :it.. The last remain-
, . . . . ' ·. . - . ' . - ' ' . . ' ' 

, l 

ing oxyge~ was removed by bu.bbl~ns nitrogen through th~ . ' ,·· :, . ' . ' :· . ':· ' ', : . ,·' 

samp:n..e. . 
1 

The di1;ftts1on ourren\s ,qt .thE, peroxide were measu:red 
' i, ' • • • ' ' '1' 

b;v means ot. a aeries ot dravm .. lines~ A line was extended 
• • • • ' •, I , ·, t \ .i .. } ' ,·. ; 

past: the halt wave potential ot. the peroxide and throUGh · 
/ ' '," ' 

the average of. the diffus1on currents preceeding the per-

oxide tvave·, 1.e.,,._ ~~,ough the average of the l'imiting o.ur-

rent wave _due to oxygen,. A second 1ine. was drawn through 

the average ot the peroxide limiting diffusion current and 
past the halt vrave. potential. A _third line was drawn 



tll.rcrusb.. ;t~e J~Ve~.Ugtq :Qt: .the wave its"elf ,·, At the poillt .Where 

thie1:le.st line intersected.. the :l:tntf extension from, the oxygen 
t ' . ' ' • 

• ' ' _,, ' .t ' ' • • • • • ' 

wave,. a_ line was. tlrti\Vll .a~ ooristan~;. <,'.µrrent, -1•.2.•, paraJ.le1. 
f ' • • 

to t.b.e. zero, line: ot the .polarogram, . This line· served as 
I • • '._ j • . :. : :. ':. ', . . . . . ' .. •' • . • . . . • • • ,., -. ', I . :-.. , ,: < • > •· • I • • ·, ' • • > ' I : , • 

a. base,.. line from: 1'1.tdoh, to . .measure ·the dit~usion current., .An-

\ ' ' • •• ' ' ., •• ' .' • "· • •• • ,I, j, . • '., ' ' .' ' • ', • ,'//··.· . ' . '.:. I • ' '.: \ • 

the• point of interse~tion · ot the lines through> the 'wave and 
tti.rous.ti: tllG :average· :pe~Oxid.'e ···diftu.sion ,:,current~. 'l'h$ G.istanoe 

trom this line-·:to'·the>ba~e.-~ine is,·a measurs ot the diffus-

ion,• current.· ., Essent1alit,.::tb$ dittusion ~u.r:tl'ent is .measured 

at tile hal:t:waire :potential. Tb.is 'distance '\vas measured in . 
,,; ' . ;:; ' .-

mi.iliIL.Ebtal'SJ mul.t1p_l1oat1on b~t tllo'·appropriate currant sen• 
I ' \ fl 

' •. ' .• " ;, 

· , JUJ. equation:.'tor' the diffusion· current was first obtained 
,,. :· .• ' 

by Ilkovio Bfft 

14 • . 605 n Di. o m.215tl/ 6 

where · 
· id . is the diffusion current,, in micro-amperes 
n is•the nwnber ot taradays of electricity required 

per .m,ole of the. electrode :reaction 

D · is the dittusion•ooeffiolen~ constant of the re• 
duoible substa11ce, in· the Units om4'2aeo.•l 

·· · o is the oonoentration of the reducible substanoa in 

millimoles per'llter 

m. . is the rate ot flow of merou.r.1 from the drc,.pping 

mercury eleotrode1 measured ih milligram.Ef per second 
. . ' 

t is the drop time• measured in se,oonds. 



; : ·' Whe·c,onstant.·'.m.··wii's :;e~perimentally :4eterm.ined ·.-at irn°c 
a~. p:r~ttiously de~ctibed:, but ~-tli~>:'value ~a{·25°o :must..,be. · . 

.. . oo;recrbed· :tor. temperature ,.C.1'.U.\ll6e ,'flheti tiseci .for :the calcu- . 
• • ' ; ' ' $ ~. ' ' • , • '' • ' ,_ ~. ' t 

lations': at :0°0, \- Th:ts''.was done -bt'·f~an~" ot an''~ eqtiation 
siren: bf to.lt.h.Qft .a#d>l4~ane ·•:.(l.02r, page 75:. 

mo ··-~, .m2s · ,. a:(.o~-ooiie) 
·and at o0or : . 

mo•· _ = ., Jxn25 

·,.: ~'' ' 

.. li~om the :tUlltf:tor' the deter:m.inat:t~~1 ot. this 'oonstant 

et o0o, •th~~ wete obt~inl1_d dittusion currents end oorr~s-

ponding. QXygen absorption -in '.bor1o. acid bU!t:'ter · solution• pH 

· 9 • 6, These .wer~f graphed, S!noe oxygen·- could not be oompiete-

ly removed ti-ont tb.E> $olvent, tlle istpa1ght _line so obtaiticcl, 
:. ' 

does not pass th.rough ·the origin, :,The curve was corrected 

tor thEi oxygen origi:nallt p:eesen.t ~y drawing a straight line 
through the origin end ·parallel to '(the experimental curve. 

Fi-o~ -this cor:reot,ed oux-ve, : cforresp~nding: ·values of' d1ttue-, · 

ion current and o~an absOJ.>pti.on (~ono~iir$t1on) were ob-
.;·,:,·,. .. . ' 

ta;ined and. :.substit\tted iil. the 'llkovlo equation} · The value 

of :n is . known. ~-Q 'be g, and •SF and ·:t:. w~:r,f dat~ined before add 
dJ1ring the: run,,;,' )'lb.U$;,' tile ;oniy :.Unkri,.o-vni· is ·D·· • ,the diffusion 
'· ' ' . ; ·. '. . .{ , ''\ ' ... 



: .. :.:. · In the llkcnrto equatlon-t·:.temperature, ollanses .affect 

·id, m, t • and V~{, Tb.us: ·:at oo ,and 25°; : ·. · . 

. .. · .... if • . ~~5!1 ~/5ta/~ D! . 
· ·, · ·· .. 25 ·, ·; ;.0= .M 

0
; ·f'ft·2/5ti/6. ~¼ 

•d ·., : u " . "'•25 25, .u25 · 
I ,t /, f • : .' \ ' I:·. 

1
' ' , I 'r ' ' 7 " • 7 ';',. 

Vthen applitrJd to'. the sanie. eleotro•1'eduo1ble substance at the 
, .:.: ,• I ,i! ~: ; ;,~ \. ' ;• •~.·•·. ~- \ l, , _;, :,,:, '• ~-:: ,'.( 

1 

1 •,, • ,:; / •.•; • 

same o_oneentration\ ~t-:the two .ta,1nperature,, one equ~tion 
, ) '\,, \ / 't • !, . • ~, i . :: ,•, '.~•-:·,: >~•, •'.-. ' • ' ,· . , •, ' '\ l .: •,' f ' :, ! :, I 

Tnts equation .was '\1.sed ttl,: dete~mine the. diffusion ooe:tt1o1ont 
; : ' j , : • '! t • ' ' • ,t .- .. j' ~- ,· ·) ' •. :' ;- :· ': : ,'. ' < ; ,• 

ot oxygen·at 250 :trom th:e d1t;tusion.ooeftic1ent·at ioe tem-
• ' tt: , I ' " • • i' , 

pera;u.re.· .. ·_ · 
·: '·,;·· 

Revers~bu.ttz· gt Redu~t~SU} ~,,~ves· a~d 'Nwnb~ gt' Electrons'• 
. ·, ' , .' 

Involved 
; ·, ' i . 

Th~ potent~a;,_ pf .t4e · dr~ppins .D?,erour1 elefltrode tor 
, i • .;' "•·' •• • ;,., 0 1, '•)." ·' •,,•·,. •,l,., .'·•>• •,, : ',,( r· " ,' , ', , • 

~· r~vers~ble zte<lµct~o~, is siv8n·.b1.1 . · . 
•. · ' ) • .. ·<,. '. ; '·, ;, .. , :. ' '.~ 1; I ,1' \· >. 'i '. :,_. ·:1 , · ',., .f ·i ·. ,l ''. _,' : , ; • , 

·"J 

-Ea.·e., · • •Eo ·.~ R'l\>:ln, 9realred ', ... 
· . DJ!y Cox _fox 
;. I ':. ' ,• . ,:. , f, ' 

'·, .; \ ·,, '.'i. •'! 

. ( . ' ' , 
., 

, ~c;• : f.si ~~8:. ~?:t,l";lt,7~f' .. ~h~:- di-.. ~PJ?f:rlS, 1Itel'~~rr, ~lec~rode 
E0 is.the stan<:tard o;idat1on•reduot1()n potential 

'.•i. .. _;, .:. \.l , . . •·. '• ,,· ...... - ... : . ... ' 

of:~he_ syst~ 
',, 

R iE(·tJle gas.constant,_ 
; •• • • • J • : • • • • , 

T ~s the: ~bso1ute ~emperat~e . · 
• I,, ' .:, • ·;, . " -: ' • ' 

n is th}) nu.mber· o~ tara.days ot· electricity- involved 
I • ' , l . . -



in ·the: redtiot1o"if,9f'one:_rnole\ot :'~µ.bstailCe or :the: n.um.ber ot 
el~ot:r:ons involved. in: the red.uotlon· <·: 

' ' 

Oreci -· is• tltEf ooneentration· ~f tlie reduatanti 
, ired 1$ th~ ,tion.;,.1ty cbeti!;C.tent Of the r0duotant · 

fox. is '-the ·8.0ti~it:i:\J()8ff1~1·~-ht·';of' 'the oxidant 
. Oox is -th~- :boric:en~rJ.tl~ri. of :the ·oxidant ·.. ... '·. ' ' ; · ... 

. ··: ... , Asswilns·:·:that '.'thri. ·ion~eniratiqn :ot: ·reduotaht. 1.t, neg;..; 

• .. , , . ·_ Tl'.'·_1·1_.. ~-- o_-__ · .o_·s .. 9_1_· .·_. l_oa .· ;- · __ . ;\: __ · __ :. '. :_,at:. #)500· ·... ~d.e._· __ ··. , •_ .. _-.;_ ~li .,.... o '-' , ·-... ,. . ,. ,_· .. ~- _: '•: , 14 • ·i · · ·. ' ·.1 
/ '. 

wheret 
,·, ·_1 

D.·1 'i'ls ,t}l~ nlJJ.liber; ot ,electrons'. ir1--volved ·1n the reduction 
,. ,. . ·:· :•: .,· ' ', ', ' . ' . . 

"•'I,' 

. --~ is the current., at an1, point on -~he wav:e,. oorrespond-

ing ·to· Ea., e~ 
· · id · 1& the diffusion current 

ll'rO.m tfiis eqtlatioii~ it oa,ri;~$ Seen: that a greiph of E4 a. vs. 

1?€:td : t • Should. be a str!litll-1;; lineahd. have Ii· ,slopeof' 

0 .• 0591·-• .. Fro.ni tllis,:,tbe. valtte :of :;n can be· determined, _;tt n·· .... -• . ·_._-.. _-:·.. . , ·_ . .. . . .· 
the· reaot~on :1s··re~ers1ble,:: the.value-of .n·.so. obtained wil.l 

ba :a :wh.ole>z,ational · !litegeri I'f:' t.b.e:'f.eatt'tion i~ :irreveraible, 
the· ou:rve'riiaY Still be Ei fltfai.glit iuie: · bU.t ·ine yillu8 1,0f n 
• • • · _' I.;· •/ ': , · • , • ' < • l , ' 'f, If" • " 

\d.ll :not be e v1b.ol~ rational number, At :0°c, 'tha:tas~· equa-

tion .is: 



\ , ' 1 I .; , 

Dif tasipn· ou.rren:~s tblr. a stv·en oxyg~n. Uptake tor these 
. . ~·· . . ' . . . ' 

' , ,, <. '\ ·;... _;·, \. ' •• '. I 

laatolies was de•te).'.m.!ned.' a'~ -previously described and . graphed• 
, ',"_ ._·; ,,.''°' .. ,_-::,.,·_: · .. -~ 1· -~ . .. : ·, _ _ /i .. J._·; ':_': .·:::' ·) .. ,:~." :··.:.~ _.J'.:"··.·:;.,>·~, '. -~.:- ':•' +' 

1f:or abn1e . Qf these poi*t~f howev&~t:' the tota~, decrease in 
\ ,_ ! ! ' ,. :, . i ' . ' _; . . ) ... . • ' / ,. ·) ·.,: : - ' . ' ' .. :- ~-· ; -, . . .. j : ," • 

oxygen vol~a::vras not. t.lltfamount:""ot· oxy~en reacted ·with the 

iaeto~~s, ·. !l'he ooti~:tit~~tio11 ~t ~eh dissol'.V'ed and un-. 
, ,I , ' ' ,_' (' '. ~- '. ;\ , , , . I : .\': . , ' • 1 I: , '~ > ; I , ' ' 

. reacted was oal.oUle.ted trom ·tne d!~ttlsion•currents:,Ot oxygen 
• •,•,, ,,. ' •, :• _;.'; ,-t· ',' ·~," .;.·•,'.;.,I .. :,,_,!\~•\ t :.,•, .:,.: :; •.: .. •, ·\,; .: ;•:•,•,, i ''.•-•;,:.,. 1~ ,• .. :/ I ••• ' • 

at ~o,4 volt, 'by' m~ans _of t:ne .:tlkov10· equat1Qn. - Fro~ ·the 
, ', ; ,, , .· ;_! :, ,· ;. t '. ·,· ,, ·,'.:, ;e • :

1
, ~:: r, ., <; -.:,·: ~_.·,, :, '., ,; "• •r· ,_ ·~ -: t • : .,. • 

oonotntrat1on ot Oltygen (m11limol·es .pe~ liter) a1+d :.:the total 
' r ' .' l • • ' • '' , ; ' • ; • - ; : • I ' '~ _- . ' ' ;, ', • l • ', - • • I• 

volume o:t, solution, .. :. tlte ., ~-olume o~: oiye;'en. ·.dis sol Ved ·_::~nd un• 
, ' ", ,

1 
,; • " ' -• ·: , r, 1. ., . ; • ' ,' . , • , ' ' / ' 

•· 
+-eaot~d :was. oal.Oul.J~eit:b1 tn-eans ot the equation:· ;· 

is the volume. of ox1sen dissol~ed and' 'unreaoted~- . 
; . . ' . 

' ' '' 

. . 

0 

liter· 
is tne conQentration'ot oxygen, in rnillimoles per 

. v
8

· .... is tne·volwn.e: ·ot; ~oiution·1~ the pa;t1ouJ.a; run· 

· 22;4_ i~ :the. vol.um~: of f !lliil.Lnol~ :ot oxygen at.- standard 

oondt.tfons, in ~Uitliters:. 
, .. • : , -. , · , , :, . , . .I ' , • . ',. ·. , :, •. · _: , ; : . ; •. ,i ', " I 

The volumes ot oxygen es meaaµ:re(\. from the sas burrette 

were corrected to standard_oondltions by means of the wel,l 
,, ', ·:' l 

,· ' • • ,, ' • I 

known gas equation; 

The total decrease ot '1'olume of QXygen was then determined 
~69.: 



to:r:: an:1, ·po.!nt~ by .·att'tl1'.rt~pt1r,ig_: tJl~ Jtolume of: ·oxygen at that 

. point ~rq.nr_the·tn1tia1·;.·volume~··: ;.· 

. Th~' volume ,ot C ~Xfgen ·rea<,t:~d' :-with tlle 'lao·tone was ob-
, ·, ' j f;' i' 'i, . ', ' 

tain.e4·.by- subtract~~: Ya)!, the'· vol;ume\,t ofygert dissolved 
it' - ' . ,. ' : .· . ' ' ' • 

' ' ' . . ' ' ' ' ' . . ) ', ' ' '' ·, : " : ' ' ' ' ' :" '-: and ~eaoted, · from: the; total: volWlie' d.eo1•ease· · a.-s: : 
'\ . \' 

·where: .· ·., 
• : It • ,,,. ; 

· : :vr . is the ·foiu.trie ;or·: 9xygen· reacted. ~ith the lac!-tone, 

me'a.~ured· .iit ·mi~;·:at stalida:rd.z- condi.t!O~Ef, i' '.·: • ' 

v·· ,P la tluif tqtaJ.>4~c,f~t1e 'ot oiY,flien., :VolUnl'e: measured · 
,...:.·. 

111::ml~ :~t\itandti~-d\iondttion~ ·: ,· . '"' 1

' : 

114·' '!;a 'th$; i6i'ut,ie iot oiis~~ 'd.itJs:oived :.arid \uireao'ted 
. ·T1ie v:0J.u.n1e ·. of.·. oxyg~n reacted \vi.th 'ia~tone ·aa calculated 

11bove :,_jilaf be graphe,f against '·4itfusion' 0\U'lH•int~ but· the 
,'. • • ,. • • ' J • ' •· ' • • ' ' ' • !•• . I ' • • ·, \ ; ; < 1" • I ' • 

graphs :so obtained are interco.mparable. only it the amount· 

ot · laotone .. used.>1.n eac.ti· run is :the. same., ·ln order· tlia t ,the 

different oxygen uptake runs might be comparable, . the milli• 
. ' 

moles of oxyi5en reacted ,d.th lact~ne per ·liter solution .was 

caloula~ed tor, each point by mean~ ot the equa'tioni 

L.. Vr. 1000 < 
D ;, .,, . 11 ·. Pt r 

· 22.4 V8 · 

where: 

L is the mill.~oles oxygen reacted per liter solution 
. . ' ' ' ' 

Vi- ls the volwn.e ot• oxygen reacted with the lactQne 
I , • • 

22 .• 4 is the volume 1n mi •. at sta.nda~d conditions ot 
one ,mUlimole oxygen 

Va is the volu.m.e ot solutiO!l.'1Sedin the.particular 

-vo-. 
-~, ,.,_ .. ' 



. . 
Calibration:of.-Capi1l.ar1es-, Determinations of.!! 

Since dropping mercury cap;-11aries c1og easily and nu1st be d~soardect, several cap-
illaries were used in this vrork:i · the \ralue ot m tor· eaoli ·capillary used is as· follows:: 

.capil.l.ary 

l 

s 

s-2 

pressure head, 
in em;. . .in.ercti:ry ' 

47.0 

· ·weigh't mercury 
·in grams 
0:._4325 

0.'1194 

0.8059 

o.auo 

0.3187 

0.4484 

0.3265 

ttm.e· 
1n .. .min. 

average 

5 

5 

average 
.5 

6 

average 

9 

2.40 

2.,40. 

2:_59 

-l.06··. 

l-~07 

1·~06 

o_:a30 

o.as7 



capillary'" 

s;..3{2) 

~(.2) 

pressure llead 
in om.. pereury-

69.8 

vteight meruory 
in grams 

o.4045 
0',.5541 

0.6692 

o .• 3739 

0.4ll2 

0,.3063 

o.~:'161&. 

o.s4B4 
o._4262 

. time · 
·· in .ruin. 

. 8-_. 
- .. :-:.. __ · --~-- \ 

average-

average 

6 

e· 
average- -

4 

lO 

average 

12 

G 

average 

0 .. 856 

0_.843 

0.645 

.0,.843 

1.24··. 

l.25. -

1.:25 

.lli,l.4 

1.1a 

1-.28: 

l .• 27 

1.28 

l..18 

1.1a 

l..18 



_Det~inations of Di:tfusion Ooeftic1exit ~f- o!Xian !¼~. -~ 
Determination_i}l .. , 

. . 

-
__ pH,> fJaS 9.65. 1ISB05--KCl~OH solt:t,tion' 

volume of the solution was loo .m1· •.. 
caplllary- was s~(2) 

m . ,,as l~1& mg~/s.ec .• 1-

number 

5.-

5~- ,·, '··:··' 

9. 

1.0. 

OC>rrec-.ted · volume of 
oxygen .. in ml . .,. 

84.-70 

84~50 
84!'.28 

84t.12 

83~90 

83,.·84 

83.62 

83~34. 

83.08 

- . ' 

· m2.l~tl/6 · was 1.00 ·. 

· ,, AV: in mi~ · ·ia. -· 
at .-0._4 volt 

,, " '' : ' in .tnlcro~amps., 

0 

.. 0.20 

o •. ae 
i •. oa 

l..36 

1.42 

1.62 

l.08 

l..285 

l.'155 

2:.16 , 

2.57 
- 3~01 

3~57 

4.04 

4.55 

4.93 

drop>tlme _ 
_j.n· ~ec. 

::a.i 
.:3.,4 

-5~4 

,·,&.4 

. ' ... , -·a.a 
·· S.-5 

·o.4 
-



15 .• 

: .. ·.~4~-\: 

16•,: 

corrected ··voiume. o~ · ·· · o~tgen in mi.:. · 

a·3._04~·:-

a2_.92-- · 
82~82 .. ·, 

· 82 .. ;eB. 
., 

- ;. 

De~r.mination Ila 

· 1 •. 66 

l..78 

1.aa 
2.oa •·· 

pl;r-wa 9.as,. ~B05~KCl0 liaOR s~ut1on· · , 

volume oi' solutio~ was 100 ml. 
, .. capillary was s-5(2) J. 

.1 •. 

2. ·. 
> 

5 •. 

····• corrected~volumeof 
· oxygen ·1n ml." 

84.:82 

83~96 

83,.74 

-· ; 
. i 

0 

-o~as 
·0.,92 

i.,oa 

.5.06 

- 5 .. 30 

· ·;6:'V'~!);·t~:;,was 6.4 -seo.; 
, ··~- . ' , . . ' 

drop time 
in sec. 

-e .. 2 

s - , 

6.2 

6:.!$ 

··i~2 

ta~ w~s · l. .• l.6 mg/ sec •. 

~ 2/ 3-!i:i1/ 6 was 1.~51: ·. 

. ia:'· . at' .. Q .. 4_,,volt 
1n·m1~o-amps. 

0~401 

1.~22 

.. 2 •. 22 

drop-';}tinie 
in ·$~C;,. 

··a~3 

·o._4 
. 6~4: 



_number ·. 

oe.• 

1.0., 

11_ 

·1.2. 

, .. _13~-

1.4~. ·· _ _. 

15. · 

J.6. -! -· 

c- -! .. •.; 

. corrected·. vol.ume .. ·ot: 
oxygen in __ nilc{ · 

~.5t$•· 

es.:46 
83k.5G 

83:.:ao · 
as.oe· 
83 .•. 02 

82.-90 

aa.ao 
·82,68 -

82-.:62 

82 •. 22 

82~16 

-a2·.:oi1 

1,.~a 
itZ6 
~.46 
·1-~&2 

, ·1.'1$ 

1.ao 
1,92 

·z .. 14 

2.20 

2.60 

.2.ss 
:Z.-80 

a.tr -.~!i. vol.t 
lll· mil»?~anillS; 

if39 .•... ,_:_ '"° 
-·· .. ·, .. ;· 

-.·.:2.55 
. < :? ·:· ... .-

_5~:50 

5~!19· 

5.,.76~ 

4:ll 'fi .. 

4.~--, 

- 4.:79. _· 

4.8'1 . 
' :::'·: f, 

;5 •. 7&-

,a.19 
. s·"55 

drop ttme 
iil $60t 

: ... f3,t4- . 
,-- ,[., . 

'~l1-
s~4 

_-a*a 
·e,if2 -. 

~l:,5 ._: - -
; ...... 

6,~:4-. 

6~4 

. o_p? 

~- These results are shown in graphical. ·t:orm. on page ?_7., The diffusion -coefficien"t; · 

trom two points- on the corrected curve of .each determiria:tion is given in th,e fol.lowing 

table.; 



· · ml~ ,oxygen· · 
absorbed 

concentration . . ~orreoted 14 
oxygen . _· ,. ~n pdoro~amps 
· molar 

.. l.. 

' "',2. 

. ' · . . l.:. 

2· 

-1 
2 

- ··0: •. 446 

Of893 
. :p;.446 

'. -().895 ·• 

-~ , 

., 2.55 

-5fll 
·2.·54 

- 5.08 

ave:rage 
· -. :,_,tolerance. 

Detsil@.nat3:an __ of the :Dif:rttsion. Ooeft1o1ent.-_:ot pxzgen a!_. 250' 

; -';.·,_.-,-,. . 

. ,_fi;·sg -x ·-10~6. 

<9~7a x·io~s· 
,:_:9.7& :x 10.-6 

-· ' , Jf.83 . X J..0•8 

· .+ fl.,oa x 10,.6 --
, ' -_ ' ' . ', . ' ' '• . - . . - . . , . . . . - . . . . - . ~-, . . .~ . . . - '. 

. . . . -, . ~e di:ttusion . ooe~.ticient of: oxygen· at· .25° was; deter~ned as previo,u.sly 'desc:ribe4. 

by -comparison. of the- dltfusion currents at 25° and oo of solutions -with_ the •,same conoen-. 
' " , ' ,, . . 

trati.on- of .. oxygen. 

n•mber 

57.5 

57 .. 5 

t -, 
in S8C4i; 

6-•. 4 

o· -at·.25 o. 
-_ 14, , :ta 
.in mm., · in 'IDg./ seo. 

95.0 

94.5 

'l.,_18 

-1..1a 

average 

tolerance 

· ·D!ffttSion 
eoett .. at 

t · 2500 
1n sec., 

5.,83 · -2~49x- 10-5 

5.-.83- - il~;4(ecJ.o-5 

2 •. 48 X 10•5 

+ o.oe x 10-5 -



I 
...J 
...J 
I 

4 

I 
Def rn No. I 

Diffusion Coefficient of Oxygen 
3 ·-- • -·-. ·-· ···+. - - ---··----·· - -· - +-----··-------·---1 

-0 
(l) 

..0 o2 
CJ) 

..0 
<! 

C\J 
0 

E 

0° C. 
pH 9.65 

o~----c;;._--+---+-----..__----_....-----........ -------------
0 2 3 4 5 6 

id - Micro Amperes 



4 

3 
"'O 
Q) 
.0 
'-
0 
(/) 

.0 
<{ 

I (.\J 

-..J 0 
Cl)' 

' ' -
E 

I 
I 

I 
Oet m No. 2 

Diffusion Coefficient of Oxygen 

Oo C. I 
pH 9.65 

1----------------r----------····-- ---·-

0 2 

I \e6 e , 
co{{ I 

---- ---------- ---------- ·-------------- ______ L __ _ 

3 4 · 

- Micro Amperes 

I 
I 

5 6 



f 
co ·t'\. _,.' 

£la.;\t~_ffave )!otential 9..f, -p,-~gf!!:1oalactone _!!_t:troxide:: : Eff'eot of ~oncentr_at~ont I?~ am,1: 
Media. 

.pR· 

f)_~- . ·. , •. 50' 

· .. <-?,F- . · ·:g~ 52 

e.i ·_ -- . 9.,s2 

. 9... . 9 •. 50 

1.0 •.. 9,65 

ii. 9 .• 65 

12.- 9.65 

13. 9.65 

· Lactone-, ·. :m.2l 3 t 1l 6 . .- id. 'Ei Capillary-
Ooncentratton -at:. -i.~,5V ··- ''in - vs •. sex.-
in molarity in.. ~-/aet1. ~c~o flmPS:• in vol.ta. 

o~005lP, .. 

. o.,oov21-
o.ooooil·-_ -
O.,OU5 ___ •·· 

,:. -~~-9~:® ;' .. 
.O.,Ol.93 

.. 0 •. 019&· 

. 0.0571 , 

0.0607 

0.0294 

0.0294 

0.0294 

0.0294 

2.21. 

2.21 
2.21; 

2.21 

a .. 21 

2.21; . 

2.19 

1.42 

1.42 

1.42 

l!Jil 

a •. os 

2i66 

.2.,63 

~$ •. 58 · · 

4.:28 

5 •. 54. 

1~40 

4.64 

5.11 

6.94 

-~i.s2. : -
._,_l,~5:J ·:_ 

. _•l:~32 

~:l.~51 
. --1.;.3z. 

. . 

, : ... i.52 . 

-1.:31 S-4( 2) 

--1.zo s.-4( 2) 

-l~,31 · ~(2l 

·. -~1-·32 .· s-4(2_}. 

Media··· 

'•.ff·'. 

·. ft 

. ~-n 

-.· ':'.- ff, 

ff 

.. 
- " # a-t o0 o 

. rt 

" :# a:t o0 o · 
ft ~- ~t ooc 



No. . plI l,aotone m2/ 3tl/S 1d. · _ .:·t,. :lsi,.-~·:·. _ Qapilla.ey:,; l , . , Media , _ ·, . ·. , . Conoen.tratif)ll·· , · a.; ..... 1~~5v" · · in ·· · •.- vs,..tSGR _.·. · in 1itolnri ty- tit ·rog./sec.~ . ~cro ·amps~. In ~v.ol~s 

9~~-
- ,·6,'' .-· 

,·_:~ ._ti). 

· · 21~·-~(: ·9~,52 · 
-~\·2·;.,/ ·. 

25 ..... 11~10 
~:.~~-.: .. ~i:N·'.. -.~-~~ -

-~- . ";;.-_ . "~ •" .•. 

o •. 01os; 
. _.,,.~ _. 

.. •,.-:-;i. 

_, . ..._ 

:~ 

_'··:i,i 
' • ~-- .:. _! 

--~ 

o-•. oo~ea 
0 .• 00869 

o.oo9Q7 
0~00914 ..... ,. -

l,..41_: 

2_.:la._ 
,. ;;~-- ,;_ 

2 •. 21. 
::·,,: ;:~ J--

-··ii? 

...... 

o,,~64 · 
1.ao -:,.;_',,R_.,_."·_ .. 

· 0 .. 54 
__ ; . 

l.~-~-
0.-95 

o.a4s 
C~l l.-12 ,J~- ,' ... 

- ~1~53, · 

.· ~l~_fi:: 

~.l~.51.-

:·~.L.;,52 · 

,.1.,~52· 

---l..53 . _'•. ,...,,;- ___ · 

-i;.~7::· : .. 
•l.J~7". 

ca- . ..-1; •. fs·-
ca- -.1~.§" 

~4(2.J- -· . HGBOs-t.roi;;NaoH. . _· :'/ - at ·ooa 
l:- . - NaQ~~:3:P04 . __ 
1 lf$ll03~C1~NaOR 
l 

1 

l-

l: 
l: 

1 .. '. 

l 

L 

,1 

.;i· 

:~l.'' 

n· 

.ff 

1:l in1X ot oel----· 
· losql.ve & · 

NaOR-Kl½_--_-: P_·-.o~ of. 
: . _pit a.Q4 



...... ,_ {. 

. . 
.· .. '.t· 

.28•. .. ? 
"" 'ici~- - ·<1; 

". ··,/ . . . tr.s __ : __ _ 3,.,;.~ . .,. 

1% . . : t .• ?.·. vS._, 

0~,00898· 

0~001'48. 

0: .. 00718• 

o• .ooesa. 
O·-Oi3l4 . · ... · 
0~02041 . 

2.:17 

a-.1,-
a.~-
2.19 

-2.lV 

ca 0.,'71 

c~-o.oo: 
ca,1~45 

ca a.~57 
· __ oa: p.ij~ 

.(,l(i -i~:54, 

ca ·,2,.9i 

oa .. · -~l.59 · 

ca. -1-,..eo ·_ 
ca ;~l::~SO 

. ca :-~l:,:157 

ea..-~l..,57 . 

oa.~1~5.e 

.oa.~:._5() 

.., l 

.1.-.· 

-~ 
l 
l,. 

l 
-1 

· l!edia 

-·, :Lil uµx·or·al(Ft)-. 
···hol-and:_.· _____ . 

: Naotr~2Po4· ot· 
· ·. :pH- ·:8,.;04 ·• ' · 

_O.,lj{f~3l4J,1Br 

''.' a .. g~i6oti1:a.etone_ ~eroxi(\e.# Re.;g:ei-sibill:t~ ,_and. -the, Ni\mbel','.:g_t: Ele<1fui6na_ Involve~ in the 

· _1?01ar9.trappi.o llec~ct1on . . , . 
• Ii 

. i\ 

E.-_· __ •-· a. • .e· invo.1.ls·· 

·1 .• 274'' 

1.,292·· 
.. 

1.305 

l. •. 5l.5' 

1-:.535· 

•~14 
in mic~o-amps.. · 

-5~}"14£ 

5.~'14 

3.,74 

3.74 

. · 1. . . . ·_. 
in mtorc~ps:-. 

.. o._ga 
---i~4ii•·= 

,·;. 
-· ,, ... 

1 •. 84 -

. 2.16 

8.,69 

--0.4497 

·•o.~1,~o 
. .;.o.·0140 · 

·o.:1556 

·o.4086 



' .. •~ 

' slope of :the 111'& --~·14.15 •. ·,. 
_n • o:..vev .. \.t·;\:_ 

9Usl¥t.-1:f Rtake . of 'a.;:w{U~ief,lla-Ot(ma . 2580, l_, , . 

. Run :Jl .. 1··, •· --~-s0 ~. " -. - · ·:: :,. U ), fii.1._ V . 

''4-. 
.. '5~ 

7. 

a.o~ 
0;.04 

fJ: •. 08 

-0,.ll 
, 

. O~~~Q$/: 
. -0.005· 

0.005·:, 

·o •. oos: .. 
0.010 -

0-..013· 

th,82 

·1.23 . 

1.ae. 

,.! ·· ·1. ~o~pi.11.a~y was·,s~t>• 
ff),2./'f>.t}/ll.1$ 1~402 a1,~~4.V 

o•.9a11 ·· 
• "!. 

. 2.04 

~-36 

.2.53 

,._:L· ·.-. 
mi1limole. o~ge,i .• 
r,ee'.cted ·,1,er. :+.i~~ 

-- .. 

::])((t: 
,'•c ·' :,·,, 

:. J),;2-~Q- _.-
. 0.385.· 

. ~.521 
. 0.592 _ 

0-.69~ 

O.VM 



0.4 
I 

REDUCTION REVERSIBILITY 

c:x-ANGELICALACTONE 

0° C. 

0.2 ----------+---------1---~~---!------+-----t 

--,:~u O 1---------1------+---_.....,__-1--__ V_o_l t_s-+-----+-----1 
I. 27 1.2 9 1.33 1.35 

S I 

Q) 
0 

-0.2 J-------+-----~=--------4-----~------+----I 

-o.4------+------...-----~---..-j----'--------4 

0.4 
REDUCTION REVERSIBILITY 

f-3-ANGEUCALACTONE 

25° C. 
0.2 -----'----+-----+--------------------

Volts 
~· 01-------.-----+-~~------+-----+------+----t 

1.28 1.32 I. 34 
! 

I. 36 

- 0.21---------1-----+---t------+------+-------+----I 

-0.4'-----~--------------------------------
-83-



- -- . 

N~, -id ,. "·. ··, ~ygen vi · 
· "- · •. 4 voit - , ,_ oon.aentration · · in ~m1.~~. 

·. 1n JniQro~ps.- ,· .m inol~e/1:i-t~ . 
. : . ~.: ; . ~--,. -~ - . ,· .· -· ,..... :· , :· •-• 

-~-\- id.at .. ·• .-· ·. :li.· ... ,-- .. '. 
in ml.~- ; .- ~l-+:~2.vol.'t · .• ·Bll.l.1im.ole ~en_ 

· in lllicr.oampa,,. reactetl. per- lit~-

_ 2,e1 ' -, ··: -~l52 -

. · O~(Ja():. . .. . .. · .. -.2~9-l·_ · 
..., : :·· .... ,. f,- - .... • 

~a~st):._ .it~7'.·'.. ·Oi~·/·_·:, . 
- :--~--.:.; ' -
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.t 14,-. • '5.15' . . .. . 0,.5&9 ·. .· z .. e$. , 2..m. tt~l ; {};66$ 
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-·... ' 1ti~{9~6~i,~~..lto.l.~~ eolUtt~·-· 
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~weight 'iaoto~e wa.$ ·o;.3275-. ~ants/125 ml~ _ :so1u~1on· __ . -
' .·.. , ' .• ·:·-·,l··.;· . : . -_ . - . ,.._ c, .- . .,,. ·" 

.. --,:·.caplll.acy. ··was S-.1 " 
.•. ;,, . ._2/~t,l./G · -wall 1.402 at ~0"'4 ·v~lt 
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· l.a,32 

l..99 

ff'Jlt ·.· vr ·.· 
1n ml. 

o •. 4!S: 

o~:eo .. 
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1.08: 

L-10; 

l.28 

l.50 .-

1~:49 

l.55 

. .l(l a·t 
.. 1 .• 32 volt. 

. ·.µt .ffl1(Jlt0$ilps •. 

- 0~835 

·1.55 
· 149 .... 
1.ao 

. ·2.1.0 

·a.38 
. 2 .• <Gi 

5.0?: 

5,.05 

L 
.milllm.oleoxygen 
reacted~· per 11 tel?' 

0 

0~142: 

0~1.ae· · 
. 0!_2fi8 . 

.··O:.$l5._ . 

·o.346: 
·o.404.-.. 
tl ... 47$ ·' 

Q~46&. 

o ... 489. · 

• · · ·~J.le.se ir~lwnes ~e;' a~ 25°0 Jlnd '130 mm~ Jc• :one .m1ll1.tuoi · •oxygen 1s 25.~45 ml. These rasul ts 

are graphed on »age 89. 

R .JJ .· ·oo u3~ 25 .·_· 

pR was 9.oo. l:I3B03-KC1,-4<Ia0l1 -solution conc·entration lac tone was .0.0286 5 

weight 1actone .was 0.5510 ,grams per 125 mlJJ solution capillary was s-1 . -
m,2/3t1/6 was 1.402 a.t -0,..4 volt 
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. , ,t: .~ \ 

. i.M 
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.. 

ThellJeresults are graphed on page 90.; 
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~3/s;l/1$ ~s 1:2'1 ~t-~~4 vol~ 

weight of l.actone was 0.3027· grams per 125 .mlj _sol.Ji. 
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The C-ClZ-l!<fJCted -curves tor tne: . preceadi.ng four: runs. flJ. r 1/2, _ IJ5, and #4 are graphed 

together on · page 91 . .: 

2RfJE!ll Uptake of · a-4AAelicalactone :at .ooo ·-
..... ,. ·.·- ·. o.·.· Run ff5,. 0 )l .. 

:PH·. was 9 .• 65• J!sBOs-Kol .. ~iaOR_ so;utt~n 
oonoentrat1on ot lacto:ne vms 0.02145 .molar 

Weight of' l.actone was_0¥2102 

.g~~s per :-100 mi. solution 
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. pH wa~: 9~ 65; •· BsB05~1\0~.;.:liaOii. ·so~ution 

,· Concentration ot lactone.was 0~02556 molar ';., 

capillary was~ 5--4~" (lL 

m2/3tl/lJ:.was 1-.50 at --0.4:·volt 
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_ ll~ 
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- .. _,. ·•:_ .. __ 
• 5~:91, 

_5~ai_ . 
2i60, 

2 •. ~u./ 
. --.·•- -

··4.09 

4~95 

o,?~9 
o.e9l 
1~022 

>-~ ..... '"·- • 

. ' ·:, - -~ -

5.87: 

5~69 
- - -.-··' 

>J5:~,90: 
--··s~?i9 
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.-_:rJie ldneties data ror one-run· at o0 o are taken from the run labe1ed #7 in this the.sis •. 

time • L {millimol.. oxygen . . __ ~e'. > L (mil-lJ.mo:L oxygen 
· ·in.:mln. · .-per l.i~er solutionl .. - ,. iri-~n~:.·· · per: l.iter solution 
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. 50 7 
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2,.94 

Hal.:f' Wave l?otential. o:f' p •M!SelicaJ.actone Pero~de; Effect. of Concentration .. · 
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· C_onoentration .: _at ~i.sv--: : ; . -1n · . · vs~ SOE 
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. 01!0282 

0.0092 

·a •. ozgz 
0.01.91_ 

0.0091 

0.0440 

o.02va/ 
0~-0~70 

.()s4t02l.l 

0~0211 

·o~o~_-·. · 
o.02U · ... 

, .. ~.4& 

.. · .. -).<l6t4G 

1.46 

l.~46 

l..46 

..2.21 

l..4& 

... 1-..4& 

i·:l.~6 · 
:1:.,-48 

l~.,-48 
.. -... 1.48. 

i~48 
_ 1,.,a· 

·_· · i.48 

. . 

0~342 

.,0.,.469 .·· 

0~510- .. 

o.€)1'2 

-l,.,39. 

l.~92 

--2~55 

. 5~01 

- 4+28, 

5.,V9,. 

. ,_·" .. 6.25' 

?.-75 

_ . .,.l-.32· S-5(2) 

~1.35 .--~- . .. ~(2J . 

,..,1,.35 

. -..wl~.32. 

,. : ~1~53: 

-· &-5(2) 

_S.-3.(2} 

s-sfa) 
1 

S-5(2) 

S.3(2) 

s~st21 
s~3t2> 
S~3(2) . 

S.-3(2) 

S-~(2) 

. 8~30~)' .· 

s-3(2). 

:/ .: 

-~ Ifs:S03~KOl~liaOR 

. "· 

ff 

ff' 
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Q) 
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0 
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RATE OF OXYGEN UPTAKE 
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.:· Laetone . ,~f5t 1/~ : ltF. _ __. 'Ei _- · Capillary · 
.. concentration . - at -~l;~5-·· v. . . -- in __ · _, · ·. ira. SOE 

17-. 

,-18.: 

g .• es 
a.7a._ 

. in m.olari'ty _ J.11 _rr1ti-.-l sec. micro wn.ps. ..· ~in- iro:Lts 

0 •. 0211 

0,.0211 ll-.l.O>_ 
' •'. 

. --l·.32. s.-3:(2}-

·· l.: 
]S)j;. e. 04 o~ 00951. · ,2-.:21 O*la - , ca· :..1,. Ba , , . --1: ., , - XB3P04t'•Na0H 

q:: ,-®3el.;\esl.aotone Per°,~~d~J;_ Bevers&bili tz an.( the Number _of Electrons_ .involved !J! 
Reduotio.n:.: .... -. 

, a . ' t .·t£ .• · : 

t·"" 

. •· - - _- _·- ·o· · runs- ati 25.·•0., 

i Ede ,:in, v·ol ts 

. - . . . 

-~.lJ.297 

·•_-·_,.].~510 

-l .. 322' 

-~ ' ':;1..333 ' 

'1~53· 

-·?.55 

-V.55 

· These results -are ~phed. on -page 83-~ 

2~56•··, 

5~18·' -

4.,64 , 

5 .. 35-

log ,' liJ.1... 1. 

·..0.0082 

-0.1562:· 

0.0~5 

0.2056 
o.3843 



1 .· .F,I 
·-o 
_-·~· 

r 
f 

sl.ope · of the ctlrV~ "is :14~0 · 

_ Oxy5en UptaJ§i of. j~Ange:L!oalaot~n~ _ .at .. 25oc 

· _Run lfa~ 2s0a 

n is o._827. 

-_ .--.· - .,_ - --

pH lvils-. 9.65, ·Hs],03~Kc~~Jaf.>lt SQ;ution 

conce.ntra~ioa:or. 1aotone_ was o,.02461.·.molar .. -. 

weigll~ of 1actohe was_ o.301.5 gram.ti :,e~ 125 ml •. ·sc1titi~n 

-,_ > • -, ~- - - • - - - • ,- • -

· eaptiia.ry W£liJ :.~3 . (:2:) C . 

-m.215t}/~ was 1.54 at 
-0:-.4 volt 

: ~<?! .. :.:. ! __ :14 -a~:.-. . . :O.,· ... ¢eygeri .·.· .,,·. ·_:vg,< :' .· .,.v;_.. . _ ;' ta·-:~·t .- > .. · 
~0.4, vol.t ·conoentratlon :in .ml.. 1n. ml.. ..J...32 volt 

·.•.••1,:,,<> 
millimol~ ;oi::,gen 
.reaote4 .. <Per · 11 ter ._ !A-iil.oroamps• . m mole/liter - . . . ···1nmio~oamps •. -

_:l·~-

···.2«·· 

fl'!: 
0 7;.· .· 

·; .'.i0;:899 -

. ,._;_i.·_"i_ .... 5·.· fl .I);. . •· ~• r,;,,, .. c 

.. l.4425. 

·.·. ·,1:~J¼5 . · 

·.l,.8'15· · 

···.2~04:· 

21t77 .· 

Q; 

.· o~otJ4-. 
.·Q~l39' 

· ('J.150 · ... :· .. ·. 

. . . 0.19:t; .·· 
0.:.214·:_ · 

• o •. 231 
0~291 

' .• Q •. 5? 

· Oi19 

0,.87 

1.19 
-1.37 

l.,.59 

2.07 

. .o. .. 

o.57 
,o.,o-. 

.. 

o •. as 

· 2-.08. 

2.36 -
2.55. 

. . . . 

,··o.'!sJ\)"',{•·•"' , 
... ··· .. ·-·:--. ,,., 

· . ;~·0~1s~.: .. · . 

··oil.91/ 

. 0.22a 
Of2"18 . 

0~342 



Bo. ·. :· -14 at 
--0.4 -volt . m Jllicroampa. 

. :- . oxygen vg . ". v; , · ·_ ·, 19. _at _ ·> ·_. . _.: ·L 
· -concentration , .. in .rel.. lli mi •... -1.~2 ·voit m.illi.!nolt,;,. oxygen 

111 =mole!~~-~~~< , . _ ._, ,. ,. . ·in- Jt4ol'.'oamps. · .reacte~ per. liter 
10. 

11 •. 

is.: -

.· -.2.:?6. 

'a.0£> 

3.46. 

s.40·. 
. 9 •. 68 

0.290 

0~364. 

o.:;,&4 
.·;0.:450 __ 

--·o~:o®·. 
l;.,.015 

- . - - . . . . 

. These .. resul~s are- graphed- .. ~ll:'.'page.ios ..•. 
- - . , -,~- - .. ~:; ;: . . . . - . . - . ' - . :. 

D· ./JA ·.,::::O.r"1 .. : . .t."~ ,Tr'il•· -'7~<~ 

· 2.22 

0=.1v 

54:4'l' 
4.17', 

9.59 . 

. ; ·pl{ _v,as, a •. a5.. H;3~5-l{Ol.-IfaQH· solut1~· 

.1..31. 

1.ai 
,o-·o·,a .. ... 
~'.~- . 

~·. . - - .. . 

3.,3ar1 

.· 3.:,76 · 

4.18 2!05:·· 

' 2.59' 
-·~ ·- ·_ .. ;· ·-: . . ;, -

6 •. 41 
'4;~~-
i o~r~ 

.. conoen;t~a.tion ot ia.ctonfj .was :m.o).ar ... , 
. weight ~t _l.aotone. was:0:1t2226 gram.s.per·1PO·Jlll.~_ solu.tion· • • . ,' • ,• ' - C, • ' :::'! ' - _> ; 

capillary ·was .s-5· t2l 
. . 

·0!:522 

. . 0 ~'.·590': · 

. -pj!J20 .. '. 

o~eba . 
qj:eis •· 
·0~96Q.· 

2·~.55,-: 

. Hi2/3iJ-/6 was l.54 at ~.4 volt m2l 3t 1lf!' :was L~4&. at •1-~5 voit 



1Io~' 

. i·oc.;, 

ii •. 

1.2,.,. 

13. 

l.4-. 

15. 

16 •. 
l.7 •.. 

~ia.a.t·... .:'.:~ .. orJgen- . -Vt-·., .v;,.· ... ·1c1.at.- · .· ... - .. ·L .. · 
-0~4· volt· concentration .· , in lil. :L11 nil., , . ,....l.~2 volt·:· ... tn.:µ.lim.ol~ ·.oxy-gen. 

in in.icro~fftl:'S••·.· .. n1 _mo~e/1it~:r · ... · . · · in micr:oamp~.. . reacted par_ liter, 
··. O,'·. 

._o.1~e 

-.l..l.6, 

.. ,2~?'1 •· 

2.'85 

3.54·· 

s.:91 

···4.12 

4.,89 

5.50 · 

5.70 

o .• :915 

.. 5.45 

·_e;~oa~-; 
(l,122 

0.,1;6'( 

o;z.51 ·-· 
0:-.44-2 . 
0:~455 

0.513 · ~· 

o.579 
.o._soo 
0.009·· 

0.096' 

0.354 

O· 
_- .. 0 .• 30 

· o •. 44 

0.·5Q 

0 •. 95. 

. o .. 
0 .• 11. , :·, ' 

O,.J.'1. 

:0.15. 

0.4~. 

· i.as ·· -o.,sl. 

1 .. -24 o~s? 
2~04 fl .• 32 

2 •. 50 1.,58 

a.77 1..ao 
5-.27 -2.12 

5~·64 2.30 

3~82 · 2.50, 

3.97 3,..75 · 

4.,74 5.-92 

l.~2?:. 

l.4'1."_ 

1 .. :71,. 

- 1 •. 99 

2.1a·· 

·2~,(:S··. 

'.4.,13 

4.23 

4.54: 

••. eo 
5":30 

5 .• 50 

5.50 

-- 5.90 

8.35 

8.55 

~· 

,p 
_o ..• f)49l. -· 

0.0760 

o •. oooi.:. 
o .• l'!Q,.·. · 

·o_,s90 

o~.v~Q; 
o •. "!oe. 
o .• SP4 

0 .. 950 

o.gas 

1 •. 118 

l.67 

1.75 



109-.:•_ •. 

Run.fl.O,._ 25°0.· 

pH ir;arJ_ 9.85~ ·B5B05-KCl:~iap:r1 ·aoiutio:n ·capillary. "W~s ~3- --UH· , 
- eonce.ntratio-11 ·o'f 1actone ~s 0.02108molar •- _ _- •'Ju2/ 3 t1f' WS:s 1.4:8.a~-~l.5 volt 

weigJlt, Of 1.actone .was 0~2066 grams. '.l)eJ.> l.00 mi~· soln~ • i»_2/ 3 t116 was 1:sa at~:~· Vo1t: ·· 

No_~,- . _____ --1_ •---~'" ___ , ____ ·. ___ · QYifn1all .V*. ·. · ,_V!_-- :: ·._ . ·1,'-·,·•·at _ .--- . . __ ~,.)•_:_-~_:··:_::··-
. - -0.4; vol.t conoe~atit)~ . . in. :k. 1n ju,.. ·~1 . .,i2 _vol.t millil.no;L@: 9Xygen 

.. ,,, .. 
-a~ .. 

in mior~ps. . Bl Jne>lsfll1er· :. ·. .1n· .up.ore a1Bps-. reaete~J?~ 11 te~ 

i0.245 .· 
: '. :1_; ~3:_ 

z~.59 

(l •. 32& 

_ z.55· 

. 5.0~J 

,. (l.,Q254 -

0.~148'' 
-_ - - , ~. 

'. -· .. ' .. _· .·. 

. ·- tl~2l9>: 

.o;,s38 
0-.JS!ll--- ·" 

0~054 :· 

0~520 -

. o. 
·-

O'it,~ - -

0.-.·54 

1:~ao 
· _i.,2s l.:~45 

, - ... 
1.t.02 

.· Q·~0$'10······ 

O{~j~~}f:,~: . -

0 1·•649 ' .. ,, . 

•. 
l~ll(l 

J.-~151 



'lki;.: - - : iu. at.· 
·<;.0+.:4- .110.lt, . 
. in. l!µC-?O.ata.PS*· 

-,-· ·.Ozjrgen_: _ 
oonoentrat.3.0ff 
Jn. -m.ole/'l..1.ter __ 

.· vg. ·: · .. vl· .. - .. ~-J:dat: .. · ... _ -.... t·· . 
· in .ml.:· in ml ... · . ·.-1.32 vol-&. . .mi_llimoiir.o,xygen 

,13. 

.-14-..' 

0~571 

.1~·524 -

. ·:3~45· · .. :. 

· ·.·0.059 
;· ·.·:-:'-. 

· O~lUl · r .... 

. -0.359 

0,.,443 _·. 
G;7_?0-~ 

. . 

- :-}~:.07 , ·• ~.21 

in m.$.c:roamps._ · ·· :»·~ l.iter· so1u.tion 

11.·~a-.--.. 

ff'. Qr,:t .. ,: .. ,~:;,-

.. A. 

. . ...... _:· . . -

': '·• ·:~8--40Xl!'eo~d ollrVes o_t,fuil·.ea.i'll9 and ·1J10 ~a 1:1umm8r,t.zed QJl.,8 graph O~·:Pf\$'3: 111~ 
,.,•.: .. · .. ; 

oP',&~~1J~#~ka o( .,.-Angel.ioaJ.SetOne at .·coc 
. -~ -~ -· : - . ·· ·iun_jut o~o-

.. · - ' . .- -

. pli '!Iatf ·9.&5;j,- Rsl305~~oi:.1molt s~ution , 

(iOllCen'bfation of ·1acton~ \.,as o·.0202.~ molar·', 
. . 

·. > ;YI(tl.sht.· ~t ' ttio: lac tone \Vffl$ O:j.205'1 gttims · par · 100· ·mt~. sol ut1on 
. . . 

ca»1uary· vra,s s-3· ts1.··· .. 
~2/5t)-./6 vras :t:~42 at :: .. o.4 volt 
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Run No. 8 ---- -----------------

O X Y GEN UPTAKE 

f3 -ANGELICALACTONE 

_____ 2 5 ° C. -----1--------l------___,~--~---t 2.4~ 
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C: 
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X 
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Q) 
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id- Micro Amperes 
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2.4 

I 

Run No. 9 

,._ OXYGEN UPTAKE 
Q) 2.0 -· /3 - ANGELICALACTONE 
,._ 

25° I 
Q) C. I 0. I 
w i 

1.6 
. I 

<I 
I-
CL 
:::::> 

z 
w 
(9 

1.2 >-
X 
0 
U) 
Q) 

0 
E 

0.8 

2 r 
I 
I 

0.4 

0 2 4 6 8 10 

id - Micro Amperes 

-110-



2.4 

I 
Run No. 10 

2.0 
OXYGEN UPTAKE 

f3 -ANGE Lt CAL ACTON E 

25° C. 
I !,.., 

Q.) -
1.6 

Q.) 

0. 

Q.) 
.::,::. 
0 -a. 

:::> 
I. 2 

C 
Q.) 

0, 
>-
X ' 

0 I 
I 

ti) --+-----Q.) 0.8 
0 
E 

0.4 

10 

id..;__ Micro Amperes 
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Q) 
a. 
Q) 
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Q) 
O'> 

X 
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0 
E 

2.8 

SUMMARY 

2.4 OXYGEN UPTAKE 
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_·ld'at·_ 
-0..,4· volt 

_ _ Qxyge~_ _ ____ Vt · _·_ ':- V~, · 1:a at · 
ooneentratio11. · :_ in nil~ in ml" - ~l.32 volt . in mf.e.roa.uips.; . 

,· . ,:_ . ;., .. ... _ ·.~. ,,. -.mol e/+~_t:~_:: _-· ln .microampa,, 
··1. 

.~f-
5-.. 

,.• -'-i;,' 

- . ._ 

, •:_,os:~---
]1;>: 

--.v~ --

<?1i;2~. 
··-·?.~5el. 

__ .0.971· ... : 
'~if 

-_a,sa 
5~--75 

_ 9-+.·- ._ _ _ . >s~.41 
- •. :; · , .. l'-,-.. i' 

::lO~-:- ~- -:::~~00 

· U;,,- 1~85 

Ot02S3 -

_ 0.10,·s;. .. · 
.•"':' -~ ~-- -: ~.' -. .. 

.OffOO. 
0~5ltl. 

0.558 
.• . ..a. :_-,~ . ' ... : 

O.JS30-
- ,, -'.: • • .... 1 ;: y '.o, ~-- • _.,, , 

0~370. 

0-~342 - .. · 
.. 

0 

·or12 -· 

.. 0;34 _ ·. ~~06 
. ·Q!70 ·: .. , 

· . .:L:i:28. 
• ,.;,:,:t·_., ·. > 

-2JQ€f 

2,.34-,.,,-··· ... • 

l.:'!4:1, 

1~25 

. •· ... _These-volumes. a:re cala~ated at s,tan~ oondi t.ions~-

These rasul ~s er~ graphed on !l8&~ ll.5_~ - -,, , 
,, . - --... -

!t1Jiet1cm J>.t., ~i:§~ Uptake f)J:. . .J•MSe1ioa}.aetone~ -

-. 0,231:. 

Of337· 

- 0,401 
,-•:.O:t•$89 · 

Ql.r-ao 

· 1;~14: 

•--ii~1-. 
. ·•··1~:~9-

L 
miili111ole oxysen 
:reac,tad pe:tt lit-er· 

~0~9aa4 --
-,'!'!'0,05&l 

~o.02utl . 
~·-· '-. • • < 

. ---O!fJ'Q45> .. 
. "().,'.0558 ' 

• • • • • $. '~-.. ·.-:: -", • •• ,, • • •• 

',; <; -.-
0 .. ~0:~:-:--·• 

. . o:15;~/t/t>-

·srne k~eties da:ta to:rr one run at 2~ are taken· from .the run labeled. #8 5.n · this 

thesis~ 
'· ... ... ~- .. . 



ti.ta~ . __ L (mill1mol oxygen 
in ~<-_ :,reacted ?er liter): 

t1me 
lit !21n~ 

L ('.m:UbnQX oxygen. time 
r.eacte;i :P~, J_i t.ei-J · in •in. Ji .. (:mill.imol 

·oxygen re~ · 

Q 

l~--

2~; 

50·. 

Q .. 

0~0279 

0.:139 

0~159 
0-.19i. - ->;:._'· ~. 

•., ·,- ... · .. ;·., 

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

.55 ·. 

40 

·45 

.55 

60 ... 

· ~' · • Re~u~t;ton}>i'.: or .... and. l;A#i~icalaet()nt.,. 
t~ · ~~~eiioatactone 

,.. ... .: .··--. 

. ·- 0~~'18. :: __ . 

0*.;542'.':~>~:- · 

75 -

.ao 
85 

l;QO 

1.40 

· acted per· l._) 

· ._':(tt5~ 

:::O~V2Q._ 

·--tr.sos 
-;_·.· ."·!', ..• 

·.c <CJ.~815: 
_-.-: $_._ .• ··::. 

>~~9?0 
--~ ·-

Lacto11;e · ·• E! · · , . 
Conoent:rati<>li .. vs- sot~-

Jllo1~itty . in vol.t~ 
. . '.id 111. ··:· _· J1apill~ . 

n· 

o._ooa~•t 
-0~00755 

0~00748 

0;01a0::l. 

0~0236~. 

mie~t.lf#U1S~ . 

·-_.no·wave 

no wave 

no wave 
• --~- • { i ': • ;- .. no wave 

''':.. ··-~ 

1. 
'1 

l. 
S4 (2) 

;s~ (2) 

- • - + 

i'.tlf:.at: ~f,5 volt. 
Z.il'l at ~1~5 ,rolt 

~"ti34: a~: .j2~Q 1r<>i t 
lw{35 . at: ~2.~0 volt 
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0.8 

I,.. 

Q) -
I,.. 
Q) 

Cl. 0.6 
Q) 

0 -Cl. 
:::::) 

C: 
Q) 0.4 0) 

>< 
0 

r.n 
Q) 

0 
E 0.2 Run No. II 

OXYGEN UPTAKE 2 
f3 - ANGELICALACTONE 

0 
00 C. 

2 3. 4 

i Micro Amperes d 
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1.6 

..... 
Q) -

1.2 ..... 
Q) 
Q. 

Q) 
.!I:: 
0 ...... 
Q. 

::) 

C 
0.8 

Q) 
0, 
>-. 
X 

0 
(/) 

0 
E 
-

-

0 

RATE OF OXYGEN UPTAKE 
/3 -ANGELICALACTONE 
25 ° C. 

40 80 

Time 

120 

Minutes 
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~·. 

, , 

. ·Lacton~ 
Colioentration . 

· . m.olarit¥ .. _ 

·. ·. -0~0099~· < 

.. 
Jl~:oqas.9 

· .... ,' 

, . 
· 0~009171. 

, .. , ~i . vs SOE 
:-in volts_ 

·· ca: ~a:,rea- ·-

~.l.99 . 

ca -;li89_ 

-,Qa :~1.9'1' 
. ·. oa ~1~89 

ca •lf98: 

· -ca· <~1:~ee'. 
>ca -...2;,;Qq-

-:'~~· :~88-. 

,oa~- ~J.~97-

: -ca· -.•li88 
,• 

. :icl in: .. ·. 
-- Jdor~ampsif 

,,_·.·.·,-, _ 

_ ·. ~. --~. i: ~-.· . 

q&,\-~-~·>· 

--oa_·_m;·_ 

ca· .. 13f= 

. Ca: 55--. 
ca l.9 

O,i}. 27 · 

.·:··. '·· • + 

-~~l9 .. a~:::i4-~:~_!;' v --

., . _,.._ .. ·., . 

2.,iz. ~1;/~Y.s. v 

l 

l. 



LactoAe, -. , E½ ; 
Conoentrf:ltipn · vs SOJl . 

_·_ molarjA.~·i:r . · •· / .. · in -vol .ts 

0.01090 

ff 

1S.. lJsBO§-i:01-NaOR 0.:0091$ 
pu·.9-.52· 

. R5B05-KOl-IiaOH ·_o_.boais 
· pH 9.-66 ... · 
l drop 1% gel,. 

. ' 

· ca -1.as 
ca ·~1::_97 

·oa_·;,1it.ea 

. ca -2 •. 00. 

ca -~1.ea 
-~- ·~l . .,98 

·cs ;;'~~.as 
·ca -~l:~.99· 

9a ~fl~!flas 
. ea iB.02 

.~a~~---~7 

;:·.icl in· .Ca~illary 
mieroami,a~ 

ca.••.-52 
cal9. 

ca·ss 
ca<2l 
ca® 

ca-.lt? 

ea--29 

~--·ca:.11 

ca 47: 

·ea:28· 

· <Sa• 35 raaximum.:· 
., ·ca: 41.> .. 

max!m1.1-,m 

· ca-·26 
: JD.a . max~. 

l 

l 

- . . . . 
• • • I 

. a.Jsf at ~1.,.5 Y 

s~ ta) 

. . ' 

_ -~ (2J. 1.s11 ai-~a.-o···" 

1.. 

'].. 

l 



. . ; -

. · Iifedia :_ · . -Lac tone 
. : -.. 00110.elitra t;ton. . 

. ' moia);ity ' . 
H5BQ~,,..KC1-NaOK . 0 .. 00\l()r;:'' 
· \t.:PJJ. 9.66 

':-~· .. . ; . · .. 

·1:i··· .. . vs •so:Et . 
ill! v~ts. 
ca:.;i.,a9 

. . t,i ·.·.. L~inic, Acid .. ·. · 
. --~ 

----;:•·-·-: Ef. t~. -. . . . • . 4'.·n: ., .. -1: -:_·No.' pll . · :J\n14 . · 
. · · · C.onoentration 

.. .molarity. 
,.. . . - . . ' 

.1.f'\4,.84 . -0.~00875 
. -.:._.::~~i\i~ ~-<-~-~~-:r~-~-~:'--~-~::· 

- :_.:: ... , .,- ~.;. 

_.·;z.i' .··s~41Jt?:0~01.011a 

5¥·· 6:,94t:, 0..01.00& 

· : ~~Q4 :~ :o·.~OlOi'/3. 

~~:\; -~:118. _·-.. ,:t.01~,1a· 

- 6-•.. 9.,50 . ·o.OIOl6 
,. ' 

vs.·$ci< m1c:L~~. 
·in·voits 

--~ ·:·.".'.-_ --
:.,_- . 

n.o_.wa.ve 

8,5-Dihydroiy Valerola.ctone 
•·, ~: •. 66 · 0.006113 no·wave 

·. ctt-'.58 
.maJtinulnl 

oa'.:37-:_,' 
no:~ 

l 
. . 

. - . .. . 

2.1.v at-1.s v 
. ' ·- . 

2.is··:a..t_·t1~.5· V 

1: 

l. .· 

Sil?. at. -.1.5 volt.; -.m,,to4~NaO!I 
., .. ·,· ·•. . ff .. 

. - .- , a;17 ,;a:t -1:~ 5. volt ,. : · -tt' ·• · ,j 



_ ·I.mig; of, _Refra otion ot.-: a-'' 8nd 
- ' :: . , .. -: ,. 

lactona- ·::t~pe,;at~,e 
;I - -- • _,·; ..-

0l~laetone 

n25 ·n 



V • DISOUS~IOl~ OF RESULTS 

; . The valu&. ot the_ dittusion ooefticient ot oxygen as 
',I !I .. • ,. 

o~tained at 250<, in this v1ork• 2.:48 x 10•5 cm. 2 sec. •l :t 

o,oa x 10•5· (ct· page 76) is in ·agreein.ent -with that ob• 
. . 

tained. b~· ~ol tll9ft, and ~1.ller ( l40l-. 'l'he1r Vf:llue was 2. 6 

x 10•5 om.2seo.--1 in 0.1 K l;)otass1Ulll :n1t1:ate.. It -has 

'been. shown.by Kolthf)ff and·:t.ingane (132} thatdiftusion 
ooet:r1c1ents_decrease with-increasing oonoentrationfor 
electrolyte solutions but the decrease ot diffusion co-
etticient with inoraas1ng coneentratic>n ls not observed 
for u.nob.arged substances. i'he total molarity- in the buf-
te;r solutions. composed ot Ei5B05-KOl~lifaOH, -pH 9~61 µsed in 

this .work is o,.2ae •. fhe tact tha·t the conoentratiqn ot 
eleotrolytes:p:resent in these solutions is tller~fore nearly 
three timee that in the solutions ot Kolthoff and Miller 

.ma.1 explain the lowet' ·diffusion c.oe:tficients. 
, Tne.:value of 9.e~ x 10•6 ,cm. 2 seo.•l. tor the .. diffusion 

ooetf1oient at o0o is the first value of the ditf'usion oo-
eftio1$nt of oxygen at this temperature t~ b<i ,found J.n _the 

·11terature (of pae;e,16) •. S~noe.thisconstant was used tQ 

determine that at 25<>0, ,the ·value ot the constant at the _ 
\' . 

lower tem.parature is .as aoou.rate a~ that at the .higher 

temperature. The average change of the diffusion coettio-
ient per degree over the rahge o0 ·· to 25° ls 0.06 x 10•5 

. . 

om..:2 seo,.·;1 dtg. •l.,· 



_ .':r.b.e e;:peri.mental. curves ·tor·· two· oxygen uptake deter-

m.ination~tfor' the.boric ao:id- butter _solutfon at o0o are 
. ·gfa.t;ined' onj,~ge· '17; . tt··~iui·,i,e seen_ ·t~at the tirst point 

' ' , < 

ot ea.tlh: c>t thes,a· deteitninatfons 'ls :below 'the iine through 
I ,. >! -· ' 

_the ·,rema1nder,iof 'th~f:point~~- -,-,AJ.,though ::th~ 'oxygeti l·n these 
determinations. was cool:ed: torat·:,leai:lt:one· ·halt hour be-,* · .. ' '. , .... , \ ' ' , . ' . 

~ote measureJnen~ ot :the ·.volum.$·. '.for>,these ·t,irst 'points, ·' 
it _is·· prqb~ble- :that_·. temperature: -eqiiilibrlu.m>wa.s -·not at-
taiµed 111, tfl~ae,_:samples :Of oxrsen~unt11;, after' thiS""fir;st 
vc,lum1:watJ::m'.eas~ed and: the' oxygen< was:keptf'lti ti:ut react-

, .. ,, .; ' '. : ' ' " . 

ion-.oel.l eeV&l:al -minuteai '.'l.'hus1-:tt the o:xyg~n ·saniples. 
\V61'8 cooled· even. aa little es--\one.>degree- ,to o·oo. ,between 

tne fi:rist :atid second point, the ·deoreas~ in ·volume of. ·o;,;_y. 
sen for the_ second. point was less_ than observed. ·, However,_ 
th~ .slope ot. the curve obtained ib unaffected by this er~or,_ 
which_ is eliminated by drawing the curves ·para1;e1 to the· 

. . 
e;perim,ntal curves and through· the origiti. The first points -_ -
are inolu.ded because it ls at:, these points that the initial 

volumes were- measured. from. Which i,the ,Vol..ume decrease was 
calculated_ •. 

. From the eo:r.reoted curves, ~t thEf highest diffusion 

current ~btatned, (satur".lted ·SOlutionl.- the oxygen: is 1;08 
x 10•3 .molar in determination :y} _:1 and i,14· x · io•i molar 

in determination.l) a.-.: 

Halt Wa~e,, Ppi8l!tial, 2t a-AngeJ;i~~,1~CtonePeroxide and .. 
: '. •• ·.' '·,,:.' '_1 __ : __ · .. _,;·'.•,~--: -, :-'' ·--~_;<.·· - ' . --'. t.,"·•·., .......... 

Reversibili~i,; gt, ~.eduotion 
,:. ..... ,,,,: ;_, 
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.·. '.&e ~~l>li ,ot .lQS , ,-a'.. 1 Vs,. . app:J.ied. potentia1 is a . · 
straight ltil~ ,(of;.'.;pclge: ai) for. the peroxide \ot· o .. angeli~ 
• • "- - .. ; ' • • • ' • ' • • • ' • ' • i • ' • • ,,. ' 

· ,~a:Lacton~+<-':··~owe~~i:'.tr~ht':'.·t,1ie: ~9:t>~; }>f; ._tp.i~ la:e, '. ~he value 
,()f 1 ;n, is ,o. 7'/.._ :Thi,~· .. is': a:n -~~igudus,:·;a1·ue ,tor. the , ntullber 

' ' :,. ·. ',, .,, . . ·- .,. .. . . ' . ,' ' •. • '~ ',,, . 

. . Pt .. eleot~~~s .. ·1:n,vo:i.v,d,.in, th.e ;,redu~tion •. ·: Theretore•, ,:tht~ 

~e~uot~on is 1~r~v~:fsi~1e,. t;lndno~g :can :be':said.· con~ . 

.. oernins the, .number· o~ •.elec:tro~s ·.inv"lved.•·.1n• the reduction. . . . . . . . ) 

A _polarpgre.pllio. ·wave wa~ obtained .tor . o-angel1.o~J.·- · 

actone solutions .. at Ei of: --l.•3~ : 0 .• 02 volts. v·s ·-soE.: in .. 

a,.basi<, solutie>n·-1n the pH range s.,04, tC> 9-,65 and in the:· 

absence .ot .organ1cr solvents •. Tp.is pH range was ·obtairied 

~1th', phosphate 'and borate butteJr, :solutions~f · Theretore·, 
·. ,,these: :salts have no' efteot. on the .Et.: '. . In: neutral and ·:a•oid 

solutions-,, no polarographic, wave was obtained~·; Examination 

ot. the·, table of· polarograms of . o~angelioalaotone' on pagEr .: .i 

. . 
:;9 · shows •no variation ot· the El in the laotone Q·onoentra.;. 

tion range o.00420 molar, to, 0.060? molar. ,, ·Howevelf, 'a.s 
will be seen ,in a later tparasrapl1, the substaiice being re-
duced is a peroxide ta.ther than the lactone., Since the 

ditfuaion .. out'rent is p:roportional to the aoriceri.tration ot 
the peroxide, the range .ot .diffusio11 currents over:. :Which 

· Et is ,constant is .a better estim.a.te qt the range of oQnc~n-
tratlon ov~r · which E·! ls ·,constant.. In ,this case, the. Ei , 

does not vary 'in ~Jle ta range trom. O• 54 'Ua to 't. 77 ua~ 
. . . 

-When aloohol 'is present in the solution, et pH ot 9410 • 

there . are. twQ waves· in tlle pola~ogra.m f cf. 't/27 i · page 81) , 

Ei •:•l.39v and'. •l' .. 60 vol.t vs S~O.E~ rrnese waves, are close 
·--1~3-



together and dittioult to measur.e~· ·'·The half wave .. potentials . 
• .l> ~I ,II 

are probably aoc~ate to ;t0.05 volt ·vs.·s.o.E. _ W~enipur1-
t-1ed oellosolte 1a ·pr"sent · 1n ·the 'solution at. pH a.so, two 

' ;·, .. 

wa1es ar~·a~a;n.obtaine4 lofict It ·:ae, page ao1. Ei •l.45 and 

.-l..57 vs. s.c.:m. these wa,res are even· ·oloser::'together than 
. . 

those in the presence·ot a1ooho1·ena· theaociuracy of these 
.{, ; ,j ,I 

halt wav·e ·potentials is probably i 0.10 ·volt vs. s.o.}!1. 
1'b.e ~tteot ot these solvents could stand rurther 1nvest1ga-
tion. 

Xn sii~ine·bu.tfer. solutioDis•· the E
1

',ft or ·tne·.peroxide 
,. (1 

ot a.-angelioalactone 1s sb.ittea ~o -1.2, i o.oa vs, s .. o.~. 
This !ndioates so.m.e reaction between ·g1yo1ne ana.·· _o(".-angeli• 

f ,• ·• 

oalaotone· p~roxide, the ·tu],;ture ot ·w1d.ch ·1s 'unknown. ,The 

g.lyo1:ne butt,er solutions were not ttsed in .further· studies. 
' 

Xn tetra.methyl amm.oniumb,:onu.de solutioni• the peroxide 
. •, .;. \' I 

Ei is shitted to -1.sa ;t 0.02 volts vs. s.o.E. _ -This 11 the 

expected resu.lts in these etronslr basic solu~ions. B.ydro• 

gen is probabl1 involved in the reduction. and the at:re~t 

ot a strong base is to decrease the hy<lroniwn. ion ~onoentra-
t1on, thu.s .. changing tb.e Et to more negative values. 

lbtattdnation ot the table ot :resUlts· on pase 79 .. sho,vs 
th.at there 1s no oor:rtlation between 1actone concentration 
and ai'ftus1on currents and there should be some correlation 

it the reduction ware that ot the laotone.. A sample ot tbe 

laotone was distilled 1n a nitrog~n atmosphere and dissolved 

in some butter solution (pH of 9,6} .which had been degassed 

by bubbling with nitrc;.gen. A palarogram.,of this solution 
had practically no 



·"!ave ;at <E1s'r'()~;';,-i~52J vol~.• , .~?her.etdre,.:,thEf reduction: wave 

is •due -to tt1~1r: r:e(\u.ction. . ~£ .a· peroxide;*·: : tt'he tact that ( the-
, • s ' 

. 
out I the. id~·- ·ot 1 -spontatiebµ.$, ·tormation ·of/ a/ ~ompo-und · ot- : . •·, 

, .. the,·laoton~.1.uid'rQJtftenf: .. Tb.Et _teaso11 :tor .. the·tormation .. ot 
. :Peroxicl.as in Maid: sol.ll'l;io» .e.na, the 'al>BeD.?e • o:t" peroxide .. 

, ___ ,-,I'•;,-__ .. L·C,•·'•\:· •:: .. 1:·:·) 1- :, ,\\-,<, '.\r <.>1 ; . '.,, ,_ .. i·, 
.. _l!a~f ._ Wate_·P!ltent_1al· ·•gt',. .,•.t~e:ttcal.aoton~· :l?erox_ide' and··· 
(, : ',1,.·,1 ',( ;,] ',,<••.·,.'_.•1:" __ ;, '·'•'.~ ··:·l;: ,'} '.l q._ '.'• '_: .t_·,-_--·.:,:· .,.. ·-'}·t ~:,·~ ;,· ·( _: ... ·',\:~ _;:, /,, _.':." ;:~.' ;,. "'., ./ _i ·,~ ./ ! \·~;,: /., t 

;rtevermibi;J.&ti .S?t ~eduot1C>n _ 
1{' ;,;,,,1,i \)•-~j .•;) .. /~ .,:-~-:.:!,\ ,; ,,,: ;,• j; ,.J. ',, ., ,·, t 

-- A sr£1.Ph ·ot log 'rd e :t •· va apl)lie:d P?ten t:1.aJ.-' :ts.< also 
•· a,/ ,straig~t•. 1.ln.e , tor: ,the · f:..angel1oalac~one , per<>x1d:a :(,c:1;~: ,, · · ,. 

Pa:se:. 83,) •. ,Froin. 'r'~he, slope. of the :'~urve,,·· the :value1 • 9:t: ·n;-is \ 
, .. Cf~83t .: .f!Jls is--an, ,ambiguous, value. for, ·,the nwn.b,~·- ot·\$leb~_~ .. 

:.rons involved ~n ,the reduction ot. the· peroxidet,.,. fheretore, ., 
,.' '('. ' .. 

, · , ·-A .polarograph1c wave, v:tas'. obtained. tor, 1-anee;icalae• , 
; tones solutions a-t Eit ot •l.32 i ,9.,,02 volt vs s,c.~., in ·. · 
·ithe pH ·range s.0·4-. to· 9·-6rl,. · EXam1na:t1on CJf_ the table of 

·polar~grams of' J•ansel1ca.laotone on··pages lOi and,·l03 shows 

· there ·· is µo varia•tion in tll.1.s E'i over a.· lao'tone concent:ra~ 

tion range o •. 0091 molar to 0.044 m.olar.; · Sinoe: the· la, is 
· p:rtoportionel. to the· paroxide cono-en~ra.tion, · the ~ange, of· 
·concentration.ot:the·redttcible substances 1-s given by.the 
id range but not by tho la.ctone · conoentratio11 range.· As . 

· seen tr·om· tb.e tablet: the Et is. co~,'.tant over t~e ia range· 
ot· O,~a ti.a to ll.lO ua'., , 1he ~onclus10n$ reaolled· ·concerning 

•125-



.. th~, .e~tee~Jlt·: ;liic•.:fueqia \and:· c~noe~tre/tion: ·on·: the .;Et; ot '. 
: :'.(·CX.-flllgelt~a.la Q ton<t ;pef,QX1d e . .a~,>ii ~tl,:, t~tle : tor . ·the, -· · -
' ; . - ... ' '· . - . . ; . . ' . 

· . ~ns.e1io$l~9tQ~e· ;.pere>xidef -?lh~ll',tld.g\laetone .. i's- i dist~lled ' ... , ',• ... ,, / : ' . . . ,. . . " 

, ',, 

·a~dhoii0£ or"'~ .. ~iid ''·l~4WS&lio'al~Of0~~ " 
,J.'·;: ?.ti, . ·:~ ...,-.. : i ;·: ,I I ;'.·,{_: :,t,._~- . (J · .. ,: ' ..... :. ,.:.. : ~- ·T•·,. ·,i' 

:, °'-f.ArigelJ;cala.otp~e 40,e1i :: ri9·t __ r:eduQe···.•••~ 1;• . the ~opp;1~· . 
.tn~purJr. -e:leotroa.e ::in: the'. pa: .. ~a.nge. fl'QnL 4ia4·: to,.• 9~ 66 in ··.the ,' : .· .. ' . . . ·. . . . ' ' ; ·., .. -•, ' ' ' ,"" 

'.,l>utter ·: tiolu.tf ona :: i.t:se4 :; ili \this .. : wott,::: ::t.t1h.e ,>otlly ···,vave .. pre·sen t 
' ·_, ·.' ! '•; ,.·. < •• , ,,.· •• ' ' '' ' •• \ • • ,; ·- • • ' 

' . . 

:tn·'tne:'pqlart.>gra~s'_',of '.the~~·.:eolijtion.s )ts: tlu,3t of: ~Jie·,·per-: .. ' . ·' .,-. ' . . . ,, . , . .·. ' .,, ·. . '' ' ' 

... 
~Angel:ioal.a.()ton,il, doe,s .'!t'~eluce i.n;,:the~ bu.tt.~f ... e ol:utiol:lt: 

. pli 9.th ._r_;:tn,e·,reJHl~ts ·.are. given ::on .pag~ 'ill~ ··The:, Et, :1.s.'.;li~.~9 

.t• .~o.o.~ .vs: ·.~ .. o,E,,. •'1:his: wave,- .ta :yarr close ·to '.the. hydroge?- . 
·wave (.-1,t>S :t'") and. therefore tbe·xneasurements :Pn -this wave 
are -ditticultti:-' 'Tl\emeasuted .. ditt'usion· cu.r~e.n·ts· ia~e ·given.._ 
on,pag~s 'll8 and ·1191,. b.a.; i.t' i.s, donbtf.ul tt an.!'accuracy ·etf 

great .a.s 10% vm.s :attained~1 ·'. i'l'h~~r Wll!8 sho't'ns '8.: _maximum,~: ·The:' 
IJ1aximunt 1s · eliminated· by·· oJte tirop:. ot' 1%·, gelatin ,s•o1u·t1t>.n· 

. .·. ,'.· .. · : 

solu.~1on$- ,ve:r.~, .made;Wi th:;tetr~uethyl :a.mm.oni,ttJl· bromid:e• ··:. . . . . , .. ,-, . . . ". "' ,, 

wa.s not •mea~u.r~d•· 1 ;._ aowever.,. ,the ·solutions. were made ·aoot1ra te-
• ' •' . . . ', ' ,1 .;; ' 

ly .t? .th~ ooncentra.tions giv~n- by means, of' an .ane.lyt~oal · -
balance ancl voltin1etrio f;tasks~• . In ;t11es8: . $tr~ngly basic 
solijtions,.>tlle· hy~~•.ogen. i'on oonoentratton .is reduoea. to · . "'·. . ,' " ,. ., ' ., 



• I- • • • 

.·,suoh,·a.:.,4esx-ee·.,:that:,a<,h1dros.en;.wa:ve}:on\\he:•:.pola:r.osrams 1s _ 
' . ' '.... . . . 

· hot·· fotm.f3d.,)unti1)-an·- appli~e<l.\,1>oteh:ti~l:"5reater,·1,~ha.n; ·~2 •. :5:: · 
j l ,,.,:.:::_.:•. 1••· •· , ,,•, ,' .' ' \ • :••' •.' •,•,.' • I 

. 'v·oltsi · vs·~·;5a.·h.~1t-i;::fs:·;i:r eaC:hed)i f·tb.(f'' hydrogen :wave'. to:tr ,<th.$ ·: , ·, · 
'. .: ·;, ,:.•.) _., : . . . ' . . •· .. ' :'./•,:. ':. ·.J·-: :>·.• :., 'i- ' .. ' •. • "cf • 

· bl'.lf :ter ·,:::-eolut:tons;:: stitr if ·il t.i ~bo.u'.t:, ...• ~J,~t9,5•::it·<a:t ·· :p~ -,9 .,5). ~·· , -·,It·· 
~' . , I . ' , , l .. l > • • a'< ·, : ·. . ' \ • _:' • ·, , , ., : : , :• • • '< 

· ··was··:p.ope4 (tne.t::.the,•.re~uctioa wave: /tor-:•<'t1l.$, :lac tones -00'13:d 
• ' ! ' .• ,, .\ ' ', '·\:<·;: '._,-::.:.~.'- "" ; 

-· tntisbe ·•d'f>tained'::at,'app1:l$d. potent1als,·,great·er. than i•l~9. 

·VOltti'> ' ) . 

~:Aa··,mentJ):u1ed:·p1feviot.1Sly}i•diftioult:r:;was:•encou.nte1•.~d:; 
' '; •• ~; I • ' • •. • :, i,t 

· · ·;1k(the . ::~~:ftfJ~~itih' :~t :· :,tii~·,, -tet1i~eth#i :amrti~ii'uni\ '.,b~oniide~' , 
•• i ' ' . '· .. ' "" ' 

-· Alt~··:· sev~al:: r~o-~;,iti:t.i~~tto·ns,. \t>tie 'iib.putitt ~-em.aineti.·~-,;::-~It··' 

'Jiad.· :·er~Et•:r,ot)~2~l5 :vti ·s~Qilti::,-: ~hia:::i-s:·,pi''obabli a'n:al:kalf .. , , . 
· ·-motal·. '•suoh.·:fia:,:·sodiwu/('Ei :.,..;2,~.'11},: ::01f 'p.:>"ta~~1um 1 tE~ :~2.;.13: ·v·)\:· 

. "Thi. ~~t;ai''tbti c, the 1'edUOt10rid!f' '01 ~nge:i.i,calaetone·J;n ;.,·. 
•· tet~amet~t · ammonium b~omi48 ·· so111tf Qfr•~s ~iven on• page li4~ i. 
:; 'J?fiere,:::fs. ntf 'ieduotion ·ot · 'o'~arJSel.icalactolie··i~ t 1etramethyl · 1 

· akmoniuw.:· solutions:.a:t· ~pplied' pot'entials·:,up to· -2~5 volts. 
,, 

1 
_: 

1'rhe :data .tor1 th(Lreduc.tion -.ot':~-~ange:ticalaotone · in 
tEitrailiethyl ammonium' .bromide solu tlon·/ .. tir given· till pages : . ·: 

. · , ll'l and 1ia4f There · are t,vo: Jfedti.ot.1011.: :v1a.:ves1 tor: , Lan.gel-. _ .... 
ica~actone soluti:ons.i ·. Th~ Et ar~:,.::;~l:,·$~-ivolts ·and ~--1;.gg· 

volt vs:.-. :$.O,.E .• i. _Tll1s' first ,vave ,rva.s.,obtai,nedo,in .the ·l>u.t• 

· f e:red solu~:i, ons .• .' _ ·ffiere • t's: 'no j~h~#t< of. 'El :ixr .tetrame.thyf 

tlllllllOfil. um • b;Olllide so;~tio~•, ,;· ,.Th.e:tEI •· iwiives·, .al'e "t&l't ol.O se 
· .togetlie:r•-•i~nd: ·~he.· ,iaye~:-- ~erg~:·,togethet,<:.,. Sinoe.-:nteasttrements,'·. 

are· ditfiCuJ.tJ the.·• ~oouraotbf th.a., 1l>oV·e· half .Vl~V!3 ~otent-. ·· 
'lals; are 'probably'{.noi bett~xtlian) -,~·-o:~6a ,toi1r:1V's'.,,: S~O.-Ei' , .. 

1lle diftusiott i>url'iufa · of. tl\~ . :red~otJ.C>lls ~re gi~en \o~·; pages 
..... lf.,7•· 



. ll7;·.and,J.:lsJ'' :t,u:t .··sirloe:·:tha'.·vra:vea:·are'run··tosether~ '-it ·,:ts 
doubttUl lt · ·an·! ae'oura.07 1 ae{ grea,t, as ,10%· ,vatf attained ·on• · . , 

· these im.easurements.:; r trh·ertf'appears ·tcr be tf rougli ·proport• · 
, . 

:tonal!~y: ,between: difftislon :. current, and. :.odrice1itration~ .'. ,The 

dittu·sion,tiu.rrents·1are: ot l .th(f right'.or'iler of, 'magni tud.e :,for 
, , ; 

I • • tne e·~noentrat1ons. ot, laotone ,in thesi?i ,so;Ltitionsf: 
,.::: ,,_.: ., From ,:thitr v;ort·,~ no oonolu.sions: ·t;ari· be· ·araw.n ·'regarding 
: the:· nu4ber; of <step~ , lri: the'· -l3~ ta~ytic hydrogen : reduo tion 'ot 

. Ot~ange~iaa.lactone• ',' · 1.b.'e 'red.riot.ion '<>t: ,,_ · P-angil1~8Iao~one :.' 
1~ ::te·tramethil. amniotd.um ,..f,l a ~t·w·cLatep reduction.-.:· '.The:refr,re• 
the, pole.:i•Qg:r~P:hic r,ed·u~i;oxr-is s:tmilal! . to: ·tJi$: oatnlytlo ,, •, •. · 
lltdrogen, redtiottonr.,s~no·e·,. ,,~Q.tjG'f:l1Qa1a,Qt()ne :ls,: b.ydrog~tla_t• 

I • 

·. ed. tirst ·to; the -saturated ,:;~otQne,;and then. to :_,the·· saturated 
. tl'cid · by Ji . two. st~p, <Prooe_s1.-, : •. S~ncu, ·the ,tvio · reduction ;waves 

' 
on .~ pol~rogram, ~re . so• tJloae .. together, it . is- :impossible, 'to 
u1ake measu.l'$ments. accu,ra..ta enough. to determine, .th.a. nµmber . · 

.of electrons.involved,in.the ·:reduetton or to determine the . . . ' •. . ' . . . :· ,,.'•,·, 

reversibility •. · Although:the,wave at 1li} of\ -l.-89 'Volt·in 
the_ bui'fer, solutions shows a ma~u.m unless>g~latin,is-e.dd• 

.. .· .~~~.,,vaves tn '.tl1e 1 .~~t1=~~e~b$l., a~n1on!um .brofu.iq~: ~olutions 
appirr.011.tlsr do:.not a.now: ix, :maximum• · .. ,. < · 

• '. '." / ,• _ _.•. :, , :',,< .. ,, • , ,' )· • I• •• ,• , '" 

;,, .. ': ; Ii I ,·, • •• i 

: Oxlf~8P.,~ ·vntak~. of ',:IMa~/;DSeJ;ical~,ctone~ 

''. .. , ', :A graph i Of, millib16l'$S,' oxisen ;p~i liter. di \~6ltit1o~ ' ,, 

reSotied W1 th Ol .. aiige1ioa1act0n& VS 14 ghea a stl'ail/;ht Hne~ 
Th8 iesui ts of i'our au~h at 25°({~e graphed ;n ~geS . 

' \I • ,, ' 

89 and 90. . The curyea ar~ correcrted, as _previously 'described, 



througfl· ·t!ie; ·oz:1g1lli· •.; :!t1h1a: .was: ne~.~,s,sarr sin~eJ :1 t ~vaes j.m:-: .. 

pos'si:ble tt:>' :eori1pietel:1 ·I,-:e!f\O'Te '. pxygen;;,frO.JXt th,E?. solµt10ll ' 
'. ' ' ,! • •. -, ' / . ''.. • • / ,·. . . ' • ' • . ,\ . .' ' ,, 

before ·iitart!ns; .the. run.,-,•. 
: ·11r :tbe :tir.st :three::inms: :the. t1rati po1.I,1ts are b.~l~w -~ . 

•, ' . . : ~- . •• . :!• . • ' , "" , . • ' '. , ! • '..; .• . , > • ,' - • : •, • '. :: ; , ; ,, ; • • I • ,•,; 

the !experimental<·ourvei :1. •.Vfne·~ ,tbe J.ijotom~ and ,buti'er. solu• 
' . : - ,t~ ·. ' ; · , ', • .: : , :' , . l , l • ; • ,: ,: '. ' . i , >, , : ' I 

tions·,were'"~ut into: the ;O~tlr;, :t .. he ·1aptQne ~as, .. PU"? J.n tir~t 
J.. • - > ·: • '. • • -, •. • • '·, • : ' : ' ~- : - ' •• ' (: : • 

and washed . into , tlle. :cell :W;i. th :/thEJ .Jltt.tfe1; s_o;.hu~~<>n• . . : Since 
th<i"•l~otons· does :n.'ot· ·di::is,:Q.it,f:.r:e.ip!Jilt,' it 3.s. poss~bl~: that • I,'' ' . • • • '.'> "( \. ,'• .,, ' ' 

th~ 'aoiu.tion: b·e·oanie>l.8'.Jf~~~d ~11th. :the. higher .~ono~ntra;tion, 
' . : . . . • "' . . . ,. ·.i ' .'' . ': ' . · .• 

mu.ad bi mea11E.( ·ot \a /magnetic . s~1rre:Cf but .wheli_:. ~h:er-sol':lt•. , .. ,·. 
• • • ·, I, t '; •• • •: ' • I .; '. • • ' • _,' ' •• : ' ' ,. • '1' ,J- ' 

fons were fuixea.; ;.tll.e a't~ll .. ; ~tjntal11ed: ntl gat,· ~•.:~_,~, ;,th~.1 s_tirf 

rer ba·:e is further 1trom.1·t1le1 i.trJ.agnetlo · st!rr.er.,. than When· ... : . . .· ' : '. . : . 

oxygen· fa 1.n "t.b.e:•ciell., ;, 11:'u.tt'ing. oxygen ;ill the;:oell ;l,O\Vr;!r:S, 
. ' . . .... ' ' ' 

tion •c,t' layers' ot: d1fte11en.t concentration•. ls. th~ugh~ . to be 
, • • ' . , ' 1,' · 1 .·, 'l,,(, 

the/ ·oau.iJe ·,of the· di.ve:rgenoe · o:t. tna :· ti~st point: oeeause : the \ .' ' '·, • . ,·, · .. ,,. • ' _; .,. : •· '· '_,i, ' ', 

run:.·,va's J:ti·x•t~d': Eis soon· es thought possible, tlf~~~. ~ing, , 
; ,, ' ., ' '. '·,· ·., 1 .. ,, ,· ,. ·, ' 

the ;s~lutions, to,I.reduoe the .possibility· ot. _oxyg~n :sett+ns· 
into solution,.: · 

, tn: th~ se riin.S at :.l!'iQO ,; ' i '.I,., eouJ.d seen tl'.Olli , the .pol-
- ... ' . \ ·,_ ' 

aro3ra.ms · .faia t oxygen waa ab.sent from. solutiol'.l for most. of 
,• f I,,.,.;. • ,' • '.' .. 1 ; ',• . , ' ' \ ',.. ·: ·• 

the range ot · peroxide: cono.entrat!on/ over which. th~se. :runs. 
were'JnadEh Even the small amount ot, dissolv~d_.-,oxygen·knQW!l· 

to be ·preseut in:t tiall:, Wl's shown, ·~o be absent, . .'!•his means 
• j • .1' 

that the laotone ~eacted·with the ()Xyge_n.·as fast as :Lt 

·~129~ 



phase'- :riea<ltio~l:, 1~/Jien· :th¢·)loncentrti-t1on· ·oe···tha· ;perox.ide. · 

· approaohed·tlte: limltins 100.lioentrat.iqp; :.the ~eat)tion',between 
' ·.-. ·,r:, . . ; 

oxygen ;az1u.·.1aotone: :~llovt,etl :-,andr,.stt;ppe<:l.~ · · T.h.utiv:alt.hou~h . 

the ·oxygen .. volu.m.~r <aont1nu.ed: to idearJ~se, ,>tne tiecrea,se · \\~:s · 

, due: to·. tlte-.:proceas:>or'.•sat.urat1ris _thtf·s·o1~tt:on;",vi~h oxyge·n,. 
• I • • ' 

l{o ttir thel' rea Cti ~n, took, :Plai:i.$ as sfu:>Wll l)Y' n,ari:r, conSta11 t 
· values of . tn~ _: peroxide' dif'tu~i:6:n cu.rr~iat~- ,· 'Thi$ ; ()a used.:.: a .. 

· sr:ottping.- o#: point·s:iaa·': ·sho\ffl. 1:if·,riiil, {/:lif •. / :tt · tha. per.o:d.4a. · 
.. ' J ' •• ,, .; ;,···' ,·_, • ' • • 

. is :tulsUttledr.td. be ,that. tornie~: ~s7:,·:r~~ctrof,or :on~ .mo.le~'. ot· 
oxygen 11th (,\nl!l moJ.:e '!):f.! :lactone .. ti) si:ve one riloie of p~~,.,. 

o:iride'1 . '.tr~~~ ... tlle. tr~()tion::of :iaet~ne .. ~onverted.: to; p~r()~tde-·, : _ 

_.mt;).y, b·e. calcula~e4 · trClm .' the :p~i~t' ·on the,:·oorreQ.t._,d, ;Q~tes: · ... 

. oorrespo~<Jtng to the ·a1t.tusion, c·ur~~nt t>f .. the. lasi:_, ezperi-

menta.l ·PC~ht iand :the ,or,~ginal: ~aot,t;ma conoentrat1on. In. 

run /fl .•. · conyeraion: W~·.S· 5,.0%,. in; rtll'l: #~:·t. COllV~rsion .yt~S l,.9%, 
, . 

:in rUil /l'lJ. oonveraion. ,,~,s • 2;~ 7~, _,:and/ ;n- :ttu.~ .i/4.,· • oonver,s.1011: · . 
' ,· . 

. was• 4.0%, ·. These -·conversion fractions. Qorreapond to •oon,en• 
I ' \ ' : '~ • ' ' • • ' f •• • • '. • • • ., • ' '• : 

. trations of/ peroxide ( sarae· assu.mpt:tpn .as above) of ,9 .. 4 .x 
·l0,•4 mo~ar iXl; run fjl,t ,5,.e x lQ•4 ~n.:x-un·•,,21 7._8 X. lo•4 molar 

in r~ #3 and 9,.a :no".'4 1n :l'tln i/;4{ A ty;ioal pol.arOsram ··· .. 
. ' ' ,"·,' • < ';, .... ' ' . '>· ' 

of. a _solu.t~oh. :.'.of P'~a~g~~1,oal~<'tone· given in ,Figu~e ~-1·· 

.Page .1$).,.: . 

. :Th~'. Qi treo ted; .o~:rves are s;raii~~d 'together on page 911, 
\ '\ ;'(~., 

·l,t can be·.:se~It.tb.at .. the alo.;pes .of'.'j;.Jiese ,l.1nea a:t-e variable~ . 
\ ' . . •, • ,'~ ", ',' ' ' • . ' ' • , . I ! • ' > • ' '. .' ' ·,•, : •:: '. ·: • • ' • ' > . • ,. r . ' > ' . • • • ' ' 

It is known. that ~hi~ ,llllS8.'tJ.1rat~a,: l~otone ,kolym~rizes re~diJ..y, 
' • ' '\ I • • • •, , •. •\'. •.• •,, ••,,.• ,, ,'. •• ' : • ,• • 

' When ': i:t ' is'. ,dis tilled, ·/~~~r;·: 'i~ alwa;:s:l;ok:; polymerised . tar . . •· .. ·. . : 'Zi~;r· ·.. ,. . . . . ··. · ... •········ 
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,." remaining; i'n tl1e; stilf :pot.: If; tho· ·:peroxide:;of:·,,,, 9'l.angel-. 

· ,.e.alaotorte · ,1e1•'e ii11vol ved ill, ai, poly.m.eri'.zationt',·,:tb.e: effect 
,:wotUd. •ba :that obtained-;here.:.:::,Tllat: 1s:becauae,::moet ·-of ·the; ,· .. ' . . . "; . . 

' : '' 

: t'~ctor$,·a:ttr~tins· :tlrl.s• :polymerizU:t:l..6:n a.re uilknovm --and· 
: :· •• ' • • 11-

;li ttl~' effort, OQuld: .be;·ntade': to· :control ·)poly.m.er:lzation,) i 

.. :_l?olyni~izat:ton v:111 :not :,·atf e4t <the d;tf':tu.s1.on ,- current; 1 t · · 
: 1·$, a:: true J.ndioa t:ion; Oif, the. :pero,;:t~1$f ()on)tettt... _:'P¢)lt:m-er1~a• 

\1 tioi+ w1ll l· otulse =. the :ex.Pet':imerital. ·-.:o:iyge,11\uptalt(3: to be ;great~. 
, • e;r, tJ¥ui ~he µnOomD1M~ p~;r.-o~:f.ae ¢Ontent ,Ji bdiolltid, /by ·· 

;tbe •_dii'ti+~'toit :}Jurx-ent,. liitnougb.i -all- :intr, oxygen.:'.u.ptake: .'was 
. ' ,. ,;: 

, in,volved :ill -p$:rox:1'd.e ,.tor1!1at:ton- in.1'.t:1.alJ.~r~. r:rtJ.s.·"tha,_ught·. 
:, ttiat JJOlyi:rter:tzatio.~; '.t:s·. tak111g; ]>laoe · in t11aae· ;solutit?pa · of · 

·,; ' 

: , ;-It itf known t!iat: tl1e 1 .tamtieratu.1n3:.ooefti<>ient·· of; · po11;-,-
m.erizat:tc11 ,!S lat--ge::,s :·eoilipa:red:. to t.ne· 'temperature: 'COef., 

t1c;e1?-·;t at many: otlter ,reactions.· ; If. this ·:ts ~he. oas~, beref 
then .deoreastng :the: tem.pe:rat-ure · 1.rtJ.ghi! :·aecrei'\stl the :poly-

. ,l 

. merizp.tion v1i thout, af.f~otlng: the, .oxygen uptake ot:: · cx·-a·nsel• 
toalt;tQtone- appx-.ao1_abl~., Tbe :,..asul ts ·of thl"ee oxygen-· upt~ke 

g~ter~ip.a~ions. at .. ~(;)Q are graphed. on :pages:· 9th:. 97 .. _and, 96• 

J:n ~un. ifG'J page 96,: ;~t-·),p_pears :as if, .the l~mit~11s :conce~--

.trat~on: (rn.ill:LmoleE! .p;y.gen;·,~e~,)-tt~r! ·.·i~ rio. greater tha.n6 t 
25~0, ,' .. '1'.bis 1s not.; the _case,-: however, si».oa it, can_ be see~ 

on _pages 97. and 98,-... ~uns -~!e and f?f/- that. the· l¥1itins con~ · 

oantra.tion.ot p~roxide at o.0o is ~evaral times.· greater than 
a~ 26,0 0., Rur1 it:5 waa _.d~soontinuad' before :th~ 'limi ti~_ con-
oentr.a tion of peroxi,4e was, reached because of. a clogged..· 

' 1· ' . c,· 



· -droppi11g).rilEll.'oury··. elebt:rog.e:;.Oapillar1•·· .:: •Asswn.1ns: tl~$;._1,eaot-. 
· ion• to: be· the ·<add!.ton: ·ot! one: mo.le, 9xygep. to op.e:· molEr J.ac,-
/tone, to gJ:Ve onl:l :i;iole:.o:f' pero:dd;e~: the. ft't,\Qtion ot, oonvf3J.'s .. 

· ion· oan:'bij')o&:l¢ulat·ed).':by:,,tti•e;:aame rne:th.0<1·:es,•1;1b,01:e:f.9r· ... the. '' * . ' ' . . . \ . 

v,ork•·· Ja~ .~50(J\;:,',;Thus,i· for: 'fw:r_ //6~•;,'honver~lon;.wa.a: ,12-.1%;, :for .. 
i .rw.i :fl't,'• '06i11ie;~io1f 'w~1s.: 11,.2i .• r. ·Tb!~. ~q9r~irapb~dsi to a pon~. 
i"tentra;tion;:o:t 1 pelfoxide, ·in•· run ·#e, o·r:,:,:2.:ae··x ,10.-~,: 1no1sr imd 

<' • 

· in r i.Ul t''l i · i conCextfa:a ti on or 5~ ZO (x 10:-a .iiJ.olitti r : The · a o tual ·. 
,,, ' , < 

ocino~ntrations· Wer~ ·leas ,'than th6' ·'.valu~s> ~iven. \due to," the 
polyin~rization:;- o:t; so.hie :of :the) pel'oxid.~; . ; i\l.tlio·ugh~ the'. .. ·· . 

. oxygen·· uptake' . is ::·si~wer ·at: ·(jOr;;•J·thari t 2500 /\ tlie': ;v.eaotion 
i:!i · t1;1st ·· el16ugh that: no· :.oxygext lS' dissOlvad and,: unreacted. 

, in '·solution:: uritil · tb.e.: concentration:. 6t p'eroxide· approaohas . . . . ( 

tb.e 11m.itit1g '.concentration·.· 1?he·: rea.,ot1on: thefl, m.ust; be· a,, 
liquid. phaso· rea.~tion, :· 

The co:rrected',O\ll'Ves :•fire e:ra:p!1ed.· to~ethe1•:. on• page· 99,.,., 
' . 

Again,, ··t.ne: .slopes'. are· 'yariable;.1
' ~ut :the slor,a~ do .. n9t·: -vary 

as muo1,· as at,, 25°0 .· (ot:.: page.: 91)., , The~•ef'o:re:, . the. ~olymari• 
~a tion · or tlJ.e · a .... angeli oala otone p~roxi.de· i-s, :red~ced:. but 

·•,not· eliminated:blr_ ;c;eor·easing· .;the ·reaction ter.1peratur·a··f:ro~ 
26° to o0 • ·, ·· 

· .. As· 1ue11t:tonea: above.1 tll.e•, ~ater detei-n1ining; :pi .. ocess seems ', ,, . ' . ' . ' 

. to. b'e th.a ·prooeasLot · af ssol vins· ··oxygen in SQluti on so :tha t · ' , 'I ' : . , ·, . , , ; '• . : ' '. . 

I ; • • ' • ' 

stirring. .In t_tiiEl ,work· tL magne.tio .:stirrer:·bali i.fnd a.· mag- , 
• '.. • .', , . ' ' .. ,·I , 

netic stir.;rer v,ere: :-µ.aed..: ·w1 th· tn:fif .method of .,mixing, the 



.. agi ta.t1011, o,t ·the solutibn ,is :v:iria.ble ·xJr. diff·erent ·runs ·. 
::and \to: a::,oertairi ·el:t·eht :duri11g: a- runi:· . Therefore•· ·even: ... 

:t.)lOllSh tlii rate o:f'• •PolY!llertza tton j; P cons tiillt at ·o0 : the 
' _,;_ ' 

• • ' • I . . 

: ,. 1'. ·, ~his iactoiie:··r:eaot·s :With oxye:;6ti':1n:too· :ria:uie: tJas· as ·· 
cx-angeliCJal~ct:one·· ana: .. :th~ :oxygen: upt't1ke· watf measured .tn. . 

•'' C 

· tho ·.same tray, , . The:': ret:ul ta · of :t11.rse. 'o,;~tgon· tiptake · d~termina-
tit>ns .o.t 201>0 are ~e;pb.611 on .page/;! 109~ J10 and lll.~ itt 
the n1ax:l.!,1u.ni ·14.'. obt'E1i11~d' and·, f:cpm'· ·.the·· oox·reoted· ourv~t~ •. it 
mn.:r b.e calo\tlated. · tlm~ :-oonvel"SiOl\ t6 .pero"i¾:ide<.ls' 12-i.0]t in· 

' . , ' l . . 'i . . : 'r I 

run· ,¥a, ·.a.t3~i in rt1n 1?rl· e.nd 9,_21i: :bi_ 1~.l.iJl. ftl(J'i. · · ;Chis· :'c6~reaponds 
. i ' 

to ooucantr.a tions of; peroxide, of 2i95 · ± t:o-3··1r;.ola:r:· ill ·rti.Ii, 
,tia~: l >J9 :x:. :.l.073 n1olar: in, :run. #9 and. 1. $4 ;x 10·3. mol~:r' in 

' •~ ' '. '~, ,', ' , ' , ' ' • ' ' ', I • ,, 

run if:lO,· ·T1l$S8',Values.ot .coricentrS.tion:o:f·pe.roxide are· 
. ',, 

. . 

dece_p~1 ve, , T.ne· aot11at1:: conee11tratto11s, ;wgre· lesa ,:<than)these 

• values·( dt1E, •~.o, tlol,m.eri,~l1-t~'.Q~: o;;-,.._s'onie ::of .tht :peroxide.·• . · 
A typical• poia1,osran1 ·,of, ~7:ansel~oalactqne ··solution· . , ·~r 

· · !s. ::given.; in Figlll.'e, ·IV\· _page': 135. . ~s,'Oxyf$en:/uptake c,f ' ¾ 

'1-angelio.alaQto!!e at•· 2.5°C ·ts ;:slower than. _a~angeli.oa~ac-
\ ' . . 

tone at_ either·:ot.'the ;t~.mperat~e:::rstud:ted.,}· ', 9):ygen ·~s ·: ,, 

. diE3s.olved 'in th~ae solutions ·,a,:f ~hown bi, even.- the earlier 
• ' ·. t . ' ·' .. ', ' ' ' ' ' 

pQla1•ograrea •. ' 'The. oxyge~ wasi, nd.t ··react ed.: \vith. llle' laotona' 
~re tast t1s ·1.t, dissolved.::·: J\.f'ter<tlle solution :was st:tirred 

,'., • • ' - ' , •• i_ • • ·.,,•' ' \' '., ,' ,' ., 

. wi.th _oxygen _.ror a ·:perJbpd ·of tinte,.z •ponsideral)le: exoe:$tf of. · 

oxygen • was dissolved in. solution aa. ~how;1· by the ,polarogram •. 

· •l.34~ 
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, lL:>\\feve:r:~ lt the solut10:n· was iei:t tor a ·-·p~ri.Od or. time 
.:wf: t!l., -the. only' cotitect\be~1eeli'- ·solu.tio11.· ana-:: oxygen·: ·-in · : . 
, 't.b.e · 2. i.mftt•'•.;,#upilla:ry' tubinef, --·no: ino:re_· oxyg:en 'd~ssolve(l1 and: . 

. :t.ti~ oxygen.,· al:readi !'i11~ the·, oolu tion · decreased., -'· ·At the : 

! aru:r1.e \ tinie'·, _.the: conceii:tra tion; ot\ the ,pero~ide inor·ed sad .. 
' ·., , . : 

. as: slio.wn:: 'by ';'the :poi~'x~-osr·ams.:•;· -'Tfie~:e-'are 'tti .. :r'ee; -eirun.ples . ·.--
·. , of tlie.: · "l)lie:tio1aenon.:·: i):us t :i 'dis eu.ssed . : iri 'run· f/10 j : poititi; · ' 4 : . · 

' . 
::'and, G, :· points, ? '.and e and· po:tnt, :ll and• 1:r. , >Tllie·; reaction 
is .a, '.ltqttl<l _phase: <reaction·- r.111d<f:ro1n.: the p:r·eoeed1ng ·· a.is~- \ 
·:oussioll' it: may. :be: conelttd.ed.: tllat' tl1e ra:t;e ,-·aeterm.ining · 
proaeso:'fOl* · tllis 1·eagtion:'.is. ci.ot:. the' -dlssolting,, of, oxySen' 
ar,t 1n--tlle' bt,se: of· .:o~a.nselioala.etone~ .- 'Inatead~::::the· ra·te 

· deteim.1ning ·stei:J here is: the,. reaction- \>:f la.otone and 

l ·> 11.ua 00&:reoted curves' are graphed' together:'on ·pate' 

112.' '_ Tile slo:pea' ot -tile·: lines' va.rt wi t11· the dit_terent 'runs .. 
. llowevar,; the· ra11.ge: of: the:'.: slopes: i::f not as great ··tlS 'the 

ranse -of s!opes' :for 1• a~ai1selioalaqtol1~i at· 20°- ·(ct.·'. page 91) 

and · gi~eater -than ·the ranger or: slopes tor a:..angel:1.oalaotone 
' ... ,·' 

at· o0 • ( cf~- page· 99) ~-/ l The· same:··results ,v-ouJ.d: be obtained , 

it· polym.erizatio:;. •were ;takirig ·:plac@ Jn ·ther · ~-~~e;elioa..-: .:-

laotone · solutions a-e.:difterep.t' •rates, foit · each:· rim.~ _· It 'is 
knovn.1 :_ t11a t, l-angelioaldc~Ol:18 poly.m.e1:1ze::; readily. : Wlteli· 

t:;~ia ·1actone la 'disti1ledf there ~s al1vaya · sb.nie 'light 

oolored tar let.t · in-1 tlle, ,still pot~ If the peroxide; torm.s 

a -polymer:, ·tlie result -wouid · be as st1own here} tba ·· observed 

. .Peroxide · oonoeritration · as· ·sh.owil :by tile di,rtusion 'current . 



·less: tho.i1 otJ1e: t.otal... peroxide ,t9rmed -per-11 ter·-,as shpwn, .cl ' • ' ' < -.. • ; • • • ' ' - - • • ' ',) : • '; • ~. ·' • • •••• • • • ·, ' ' ; 

: ~y.: tlta! o:<:ygen. up~~i~e! -. : \ It, ls· 1Jel1~ye4. _poly.me~iziftton: is, ·· 
takinS !}l~tie here •. .,.·; Tll.e ;. f~ct;ors ':a.ffectins .. :~he;-'po~y111e:r1za- .. · . . . . ';,,•'-, •·. ' . ; 

ti pn .. are unknown: and·. ,theretor:e: ui1oohtrolabl e.. ,This. is . - .• ·.. . .. ' ;- ;' . . . ' • ; . : .. ' ' '( i . . ' 

believed· tp µe ,the' r,eaF!Olt<t't.tr', t11e ·.'·d;:ererent_ ~ates, or,;· 
. polynieriia~1~0:n tn. tti~ ·sef,a:rata .·ruus • 

. -; :· ,.<' ·At ·o0 •' · ·f-0.11.ge_lioalaot:on~ ·,,:re~qt·a· ·vtitlt · ·ofyseH very-:: 

b1owl3\ :ai.t<l··on.ty· to. a:.sro.ali-' extent.·: . One ·oitygen :'Uptake de-

. t·arm.1ruftfo~ \vas made -at· o0 ori' • ·,,13~augelfce.1aotone :and. is 

gr·aphed 'Oh page 113.:; lt ... is' -aeeri: that :savetal: :i1ag~tive : 

values , ~or :oxygen• ·upta.1::e 1~1e:r:e· qbts;ined '·a 't ·th:.~ start of) · ·. : 
tn~ :run_i :Chis :ts· d.ue ,to·,t..t1e :oxygen ·dJssolved. ip tne /but• 

-fer sQltition iJ1oomp)..etely :removed·et tlt~ ~~tat~ ,ot: tllo •.: •. 

]1'.un. · : Since. the : dissolved'. oxyeen .:reacts iilth> ·tl;~ laotoµa " 
slo.v.rlt, '..moat ·ot·· t11e :ox1ten :originally: d.issoJtV;ecl·and .un--
reac,ted i.s $ti11,un,re~ct··e0; :,,~th:.the l.aotone :a~ the, time. 

ot; the· -:t,ir_st :tev1•,polaros;1--~s. ; 4'11-e deer ease .il;t v,o.lum:e .ot 
th$ 1 qxygen was : less .th.ell , the ·volwne. ·of· oxygel'r .~is sol v:ad . 

' ti II 

in .. solution.· In the oa.loUJ .. at1ons, the vol~e. of oxygen. 
diasolvecl ,in. solutiqli··. (unreacted) was subtraote4. trom. the.· 

decrease 111 volum,e of oxygen· and. in t11ese cases,. a ;~eglltive 
val-ue rasul tea.. The ro.a.1:im.U;t.l· fi_onversion here 1$ 3 •. 95' '.it. 
the t1ssurnption: is mad.a th.at one mole oxy@en zteaot~ with 

one rnole laatone to· gi'V$ qne .m.ole peroxide. -This oor ... 
. responds to a 0011eentrat1ori ot 8.2, x lQ•4 ro.olar.,. The same 

(approxi..ma,te). oonoe~tration ~f peroxide. ~,as .~eached in the 
case of cx.-at1gel:toalacto~e -at o0 ~n about an hour reaction 



:t:1..tll.e-1-: rI;0.·'th.is,:;c\Ul· :,r1tth, .f3~arig'eite~l~etorie•·;:thi$ :cono~n-·, · 
tra·tion: W~$ :r.e~ched/,o.illt :~tte~r,:•5: to: e hO\t.rsi. : ,lJ:h~r~tc:ira •· 
'tlle. :ctudy .of· tlte':.oxyge~ :,Q.p~ake:·at o0 of' P~ngelica~a:otone 
was, ,~1~eont:tnued.l , 

: ., : .: •.Sinee0: · p--ans·e;t::t~~taotone t~ p:repareci :f:rt,m · o-anseli• -
. ,_. e.a~aotona; it:·Was ·ati:. ftr;st' tll;~ught·· ittuit 'tl{&, pbl:ar<?gl-S_phio 

I i ',,' ' ' ,; , '• ' _, '. ' 

wave. a-e-_· lR?;, '. or ',fl..-!32.->might; :be:;,dlia_ to, :irr1puri ti~$;•: -:,How~v:erf 
'1 ·_, ', ·, ·· .. · ... , .. ', . '. • ' 

\:t\epe~ ~~d: p~if~·ea ti~I}.8> ~t ;;t_he. :.f3•lei.oton(LllS ':disoi,ssetl; in: .. 
·t1te .. seot1ql'i iorl prepa:riit.1ons :fa1_l'ed_ ·:t.Q gi:v,e; ,;$.Onie, ·1acte>.ne ,,., I.,, 1', '••: ,, . ' '. • ,, . . .. • ,.'.,,•; /, . • I . '.(' •' 

, :t;_,: .. :1:,.; · 'i, ', 

Ktii~,tic•s 2;t '0Xis~n. #ptake 9!_'01;.. smd ft-kseii Otila C 1:o~8 
; :. -:. : ·-':· ·--;~.:•,, ,··,:" .. · }.:•·,:· :fc,',.L/:;;·:· ,::.,,· .- ,:,<:;i-· _.1'-;_:·· . 

. . . . • :tt·, wa~ •nQt,· Qrtslnal.ly; pl~nned(to m~k~ .. ·ld.nat1os 1 st.udy -

at., tJ;l.~ ,. ozygen ··uptake i ·of.: ths s(:t ,laotoiret1' and:: -~o:n,sequen;tl:r, 
!lQ :$peoial. preoau~iOJ\s,: ,~ere. tal~¢n'. to· ins~e ·very' aQourate -
·tim.e'· n;ieastt.rrf:!11ie:p.t~ .• : :. iiowaver,f .tt;e jj,cygan::upt~ce· vs• time: : 

ls ; e;rapheq. Ol1:i_Pa$e 108: tor : o~a.n.ce,licala;cto~e· (:fntL.;pase 

llG · fd::.- .i ~--m1~elicala&.tons._; As: ·t1:·.eom.ptlriso1tj··. o~:a rnilli-

. 1aole :"ox;rson · p~:r. .11 tet . aol.titi'oit ·1s · reacted with cx-ange11·- _ 
oalactone· a.t-}?5°; in .. thirty three minutes~ with' :o-ans:eli• 
ea4E16tone at :-o~ 11~ <i'o~"t'J; tout· ,r~i:nute$,vtitll l~e.ngelical.ao~ 
tone at 2s0, iii siXty, seven m.t'nu.tes and 'with ··J~a:nselioalao-
tone n-t o0 . in ·s~veral ho~s- :The ki11eties·, datt:rfor 'P-ang-,: 
alioalaoto.ne: at, oO:',·are inaecurate. and llO smootb.: OUl-.Ye· oo·uld 

be :drawn throug,b.·:tha>: points .• ·· ·:trnerflfore{ the· ou.rve· ia not · 
included ·1n: this thesis.. -' 
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In the· preoeeding disouss:i.on,,- it was .mentioned that 

a maximum .. oonoentra tion ot peroxide attained was about 10% .• 
the range ot ,oonoent:rat:ton fl:Offl. ·:o: to 10% 1~ too SD\8µ to 

. . 
determine tlie order ;of reaction. . :~o:th ·a ·sr,~ph ot ooncen-

" ' I. ,'., • 0,# 

·tration of lactone vs,. :time and 1·og concentration vs, •. time 
are nearly straig~t lines over ·i.ne snort·range :of. conoen-

t:rations :Of : peroxide obtained here;. ",. However., the .,oxygen 
uptake of t,hese laotones appears to be a first· ~rder re-

aotion. 

Polarosra:ghio' 1Reduotion gt· Levu11s1c1,Acid. ~- f4,5-DU!zdroxi 
Vale£Qlaotone 

. Since a-ang'elicalactone is prepared from. levulinic acid .• 
impurities of levulinio acid might be'prElsent in both lao•. 
tones. This impurity would be present also, if any hydro• 
lyeis ot tb~ laotone took.place. The.po:l.arograms were made 
on levulinio acid 1n the same buffer· solutions as used tor 
the polarograms of °'• and P•e.ngelicalactone. The results 
are given on pase 119. - ·rnere is no »ola.rographic ?.-edu.ct-

1011 of levUlin1o a_oid in the pH ranse 4 .• 84 to 9.so., This 
verifies the wor~ ot Schwaer (145) who tound that levulinio. , . 

aoicl is non~re4u.Qible at ·the dropping mercury electrode-,· 
' { ~·. 

O~idation or ~~angelioaleotcine gives a di.hydroxy oom-. 

pound. Some ot this dihydroxy,oompoUrid.f·2,3-dihydroxy val• 
erolaotone, was prepared as given ln the seotion onprepara• 
tions and polarograms made ot -~olut101s of it.~ The solvent 
was the same buffer solution used in- the oxygen uptake 
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. . 
determ.1neit1on•.,·:.t.rh.e results !ti'-e orf·page·-119,·:':: There- is··no 

a• • '1 ;lO • . . 

polarographic reduction •at a pii' ot 9,66~: 

. . - Polarogram.:r t:it ·the 't~10,·s\1bs_th:ritfEitf'meXitioned .·above·' 
. were maci.e.:tn the· :earlier i~rt ot<t115Jf work'. to det$rmine · it 
:. t.b.ey-. -Were' the $Uhs·tanoe. g:lvins the ··pclaro~aphio wave at 

,l ... . 

· Ei •lt32• . »~rom. t.be'. above disouesionj,•1t :le ·evident that 

·. they ure -not tlltf .reducible substance ·and>theil torm.ation ot 
.peroxide ot· u.nsatu.rated.. laotonee ·. is further· substantiated. ·., '. , . . . ' ,. '. ,. . . . . . . . ,. , . . •• . ..... ,, .. _, ,. , ... ·.· . ,· . ; . .. 

Postuia;tea, Mfi!C!\aa:tl,a' $t' :rotmat&on•·_-2.t•··.the'Pe:roxide at a- . 

. Jl~~- : ~.-.tWB.e~~c~i~o~ong .·. ~:- : . , - ....... _, ........ _... .. . ., ... , ... . 

· . . . .. ·· rh.e· .b.alt vtave potentials of the perox:id.ea ot'· a - and 

. :P~angelioala~·to1:3,e~ -~ave_'. been round to be the same, name11 • . 
-~1.~2 volt. vs. e .• o.E. ,. As ·menttoned-_in th~- $eot1on. on 

. __ :a~stqry in tllis ~he$1t,. 1}he -h,elt. :wave potel}tial is q~li-

tatively oharacteristi~ of tne.oompound,being reduced • 
. Th~r~tor,et · barring _a~. unlikely: ooinotd.e.nce, .: the reducible 
.Peroxide. tormed tram .. a-angelioa~aoto11e is 14e:nt1oal With · 

the r~4uc1ble perox.ic,\e f'orm,a,d J:rom ~-~at;J.gelic.alao·tone.-' ·_ ,. 
\ ' - ':-~ 

.1:'he perl)Xi4e ot these le.oton~s -is ,,absent in solutions 
.with pB i'ess .than-a. :The. mechanism of -tormation ot the · -'. 
.peroxide must , then take into -account , tile torma tion of per-
oxides only in basi-o solutions and .the :.formation of· the 
same ,_peroxide from. - a •. 1.u1q. ~-angelica~ac~one,:. 

:~he ~irst step· 1n the toima.tion of these peroxides ·1s , .. 

thought to be tlle rem.oval ot a hydrogen 'ion ·,,trom ,the -lac- _ 
tone as; 



·. ·B J!-:;' , .. , ''·JI:·'. e 
Olia .;i) .-c· .:_ OH basic> OR5 0 e O • CH 
. I · ·. . I , : •. sol.• .< ':. · • I · I · + H+ 0 . . . 0 .• 0 ·. 0 ---o.o 
· a-.angelioal~()~one· -,_; . ±. 

' ~,· ' ' '',),' ' ,. "-: ' ''. 4., :··, 

... • _· · .. R :R '·, :Et ... , , , . ,.,. · :··( 8 ,;.·::.·•.•. B II __ r ·: · Olia- .- .o--• c- • o ----~------ c~ ~: o. ·,. e • c · . . a• I I· · \ ·" · /'. 1 I : ·'. ; , · : · · · "I> \ : · · + . 
' ,1 ·p, ,,,', ; i~~o::, '' o---oc~" 

, · l-ange3f:Q8tt\Ot'One• · ·· · .•·· iII~; · · 
i. ' 'i_., ' . ' ' 

< ;~f"•t<•// ·:\ •: I_ • f j .\. , •; :: . l O •: ' ' • I }' ' '. :• ;; 

:, ~•, . '.. . . ,. i ,' •.. ·. ... ' ' ,• . . .· . . . . ! . . . ·' . . . . ... ·. . . . . . . . .·. · ... · . . . . . . . 'ibis i!:1 an ·s.ontc ~eact1on • .: The .ions torme4 .ar~:.:bas~s ;an~. 
··· in a~ ~c1{1 '~~l.111.i~r/(~ n~u~~l)(n~qit!l4tzla~i~~ :;~~k13.S ·· .. 

. p~ao~ wi tli :res tilting:, o~nCent;!lf.tOn· Ot' 1011 VQX,y- ).()W · Qr' '( . ". i.~;... ' :, ·, ,'. ·;': . •- , ,- '· ,. . . ·1. '. < 

.z~~q •. ,,·\Ratlie';rt;,,:it \'shott.1·a·.be: stated ,·thllt>"·in an aoid ·or neu.- . 
' • ;: ' •• ,. ' • ' • Ir f 

.. tral :SC:)lµtion,\ tlle.· hyd.~og-an .. 1~n ls.f!ot ,~-r~ovtd •.·; Rowever 1 ' ' \ ' . ! -~ . ' ' ·. - ', . ':'. .. . . ' ' . ' ,' \ .. , . • ' '- ',. ' . ' ' ., ' ' . . . • :· . . ;, 

if the .solution 1i•1•ftl~r• b~s:1~ t~~:;t•1~,~- ~t>ns,_, 1rtlle_1 hydro.-': 
, • ...,, . ,,: 1 • .,. • ·, ·, •· • t_ • f . . } - ... I , .. · '- : ,'.. , . .; . . , ,.'. . : --~ , . , , . , . . . , 

gen ions· ·vsill be ramoved•<· For- ·these le~tones• '=l· . solution 
,., " • Ii, ·{,' ',; ,q "'' ·, ;. • ;• .\'. - ' •, ·,,• 

. . . ' . 

with pH a oi- gx-eatfiris sufficiently:bssic ~hat the hydto•. . . . .. . . ) . . ............ · •' .· . . . ' 

gen ions. are remove<\ •.. 

On examination ot the 1~ns. ~or.met\ &fl above~, it 1s seen · 
tna~- these ~ons have_~ free eleotrQn pat~ cott3us~ted with 
a double 'bond• 'J!h$se str~oturea can. tb.er.etore resona~e~.-

; i ~, ' , I 

Further examination of tl1ese ions show that struotu.res.·I 
and II are ~esonanoe tor.t~u1 ot the same ion asi; . 

, . -~ · B> ,r;a ·. 
01¼:_ • 0 ~- _C ~- CH 

.- I .. . I I · .. 
0 ---- o.o 

cgz ,-8QL O .. 'cH ·. 
-- ... I . . I' 

o----o.o 
Xt:• _., 

Xt cannot be · this i~n which_ is r~ducred at , ttle dropping . . 
m~roury electrode-~'., because. it this .• wer·e . the ·o,ese,;. there 

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



would · be . no:·· .cr:>rtelation : between, oxygen,·iuptake :and dit..t 
< ,• \; ; ; I ' ' ,' o\ .•'' •• ,, ' • ' ;_• • .}r 

tu.sl~tl ·.cu<r~ent•:·· aeaotio~ w1.th;noltyge?i will' b$ such as. to ' , l, ' '' • ,, ... ' ' · I 

. torm,. ·tne .p_e~o~.i~d~: :with the:,lowest .:eh~st >ot:_fojina tion·.1
• 

' .\ .,,, : .'. •."."'.,_' }··· .'., . l, ·.·,• ·, .. , , . ,. ,·.·•.·.•._·.·. :.·. . '.. . .. 

.Th,~e;or~f .. t~~, pe,rQ:x;~"~· to*'med _is.,:_t.b.e._· ~a.rile ~regardlee·s · ot 
whioh.laoto~•1s.the.so~o~:oi':the·iohi:·.; ... _, : :.: ·. 

,; ; .. · 
··- .,, ;tt· wa.s J!ound. that ·. ~•~U1.gelic~le.~ton~f formed :the· per- . 

' ; • ', J. • •, • •• •• ' ' • ;· " • • ,.; ·'. '" 1 •. .. " 

~x,ide .a.lower : .than. .. a~a~elicalacton~~ , . If · the .:rate deter., 
Jaillillg. ste!) i's r$~ctidn. <>f:· th~' io1;wl Im· oxfgSll~ 'the···• 
rate · of ; peroxl:dr form.at'io:n.. vt'OUld 'be' the' s~e : tor tlOlU t1ons . 

•, ' l .• ' 

i . ' ' ',, ' ' ' ,: ' ' '. : ' '. ' ' ' ( '. "' ' ',' . ' .. ', ·,· .· · ot , ·a~angelicnliotone a:na: : ~~angeli<t'alactoxie.: ··s'ixice t!le 
' · .. ': .. ; •,; :· .. ,,.,',, ·.··, · . ..:'" ,"'· ,/: '.i•,:,·;, ,,':·, ', ,·.'' ·, . rate ·ot· ·perox:td~ :·form:e:tion· ts ·not· 'th,tf ··rJame for the two 

:tactone·.• ;it·.m.ua:tbe.':_the; r~p11a1. ~t hy4r·ogen\i.ori whioh.·is, 
th~ :rate deter¢nins: s·~ePi · · f1t1i.,f$_.:1n.:ch,nililete ,eSl.'eenfent 

... •• ,- • •• • ·- •· ,. • ., ~ ,,. - .. . ', 

with the modern' ideas '• of ·i-ssonance.' '' · l1iXaminatltOD o:t the . ' ' ,.. ,; . . ' . • .'. \ : . :1 • :'' .' . , ,: '. . ' . ' .-. . ·. ·. .' " ' . .. . ' • • •. ' . 

a~ru,oture·. of . ,~a~~eli~~;act911e ·,sl'lows '-tnt:it it-· fs '··a con~.: 
.3ugated .mol'~cui~ ,d.th.:resonance between the carbon \ to , . '. ; ,. . . ' . .. ' • , . , , •. ' . .. . : ... , . . . , ·' I; . . , . "' • 

oarbon · double : bond ali?, .the: carbonyl· group• · On the·· /other 
• • • ' ' ' > :'. • • ' < • I 

ha1:1d, a-a.ngelica.le.o~~ne '·ts l'l;Ot eonjuga ~ed. and "therefore 
,vould · ~e exp~oted. .tt\ ~e _a .stronger ac1c1. B~ti·lo:ss · ~t ~a 
.lly~ogen ion,; Ol~a~sel1oalao:tona. 'cb.ang~s from ·a,.,:,non-reso~ 

. '. ,·" ' , ,_,, \ ., _'.·;' , . ' " . : .. 

. nating moleo'tlle. to .a: res·onatitts· ion ~r~e~&as. tlie ... J:3 .. angel1• I , : . \ . , , 1 : • , , ·-' , ' -': 1j~ ! , ' · ,, 
1 . , ,, • ,' 

· oalactone is a resonating ,moleoule· and ·Oha.ngeE{ to. a .reso-
• ' . ', \. ' . \ .. : ,, ' ' '. . . . ·.i .. ' . ' . .. . . i • • • • - •.• 

na ting ·ion •. -: · Thel'e:te>~e • : the: ~,n~r(fla i:1'3 ,in s·t'-'.'.b:lli t1 in go- , 
ing i'l'O!li ,a• molecule :to. t}le »espnatiJ3$,•iOn }~ ,fWe8t~r f:03;',, 
the a-angelf oalaotq~e and , the :spe~d o:t removal ot.; the. 

' :•, ,,1_ --,! \ 

' tlydr·ogen· ion. is ···sre~te:r. · 
' ','..,;_- r , . ' ~- , '• ' 1_, ... 

. Vihioh ton reao{s \v1tb. oxygen·to give the reducible 
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. peroxide: lt:r·no1Fa~-\ r~aa.111· 'appa:hint:·?.ea:'.. thif,···to~nia tion. ot . .. ·. ' ~' . -~ ,. . ' ... 

· tM;e, ionsf '11()wiw'el'f bi 'ex:Wiia tio~ Ot ions :t ahd lI 
above./ it !:.fs''.i se~i:('. tM t· ;.whiohever: ion :1s ~-ttac'~ed· bfi the' 

., ',1 

oiyg~nr tliS 'resu.ltiri$ :hyd.rof,ero~ide ', i's a I co1i3uga ting' ' 
.m.;l~c~~ find ~s · tllel"etore 8~biliz$ct!. b;y, l'e;oruuioe~ ·· ·· 

I •• ·· .. ···zI_, .. 

:tf tn~· ~t'.ttal)k' bt oireen ,.~ .. dn' ~trUOttix:ij :i{ 'the biaro;eri, 
·oxid~. rJoUp Whi 'b~ ·li,~;irt':to :the a~ibOnJl ,(#tiu~:, .•. Thia, ,· . 
srtiuping'· !si probably: :i,e~s-- 'stabll~'; ,,::nan· that: 'tor.m.ect·.b1 the , •· 

, • > , ' ·, t J ' 1•·, 

~ttack ot ·t.ne ·01ty,;'en ·-on rstiuot,ure IJ:" anal" tlie1 '.oohjugatio11-
l \; • , 

is· ·not. continuous •. -:en: the· oase-·of et~Ub:tu.re·;\J,:-~:;,::tne· 'hydro~ 
p'eroxide group ts: re.moved eev~ral ·oarb'oh atoms ,rr't>m:,the .· 

' ' ,, < ,,-:.:·:•,. •:: '•,.I, 

carb~ntl group ·and';~·o:b}Jugatibn: 1s;·,·oont1nuous.··· ·Model'it 

el.eOtr~nlo 'thJort indicates ,Struo,ure ':!:[ as l'lu)l'i;,: 1ikelY'i .. ·• 
In ·general, the' ·t11ermod,nam.i·c·e.r ·ofi ~be r~a~ction· ·ot: the 1 • : ·: 

ox,gen w1th $his .type or· ion are unkncrtm. ·:and rio ,·definite··' · 
conclusions can· tie drS/\ffl . aa to· I the structure of the , hydr(r-

peroxlde torinea.'. .. · · 
·Since the rate ·a:eterming step is the removal . at. hydro-

gen -ion,' ~h~. peroxide 1;_orm.a t1on :ts. a first or~er reactiqnt. 
' . 

This was.indicated by .th•e kinetics •data,·· but·. the kinetlos 
data 1e too incomplete ,for a. definate -·coiioius:l.'bn~ -, 

Index 2t::RatFac~iop of .,~1•·1 and • ~~Ang~lioalaotone 
I. • ' • • ·~ 

I ! ' ' . ' • 

· ;.145;;. 



:Atl.v1ers ... (l.43t ,r~po~ted ... th$ .irettactiv~ ::1.nd:ices .<?f these . ., '::·\· ,' ', ',, ,·., ., \'. , . '. . . · ... '.' . 

l,aQ tone~ . q01up&rel '. to., St/JV8:f8~ . ,q.ift:~1:ent wave : len.ghths·• . ·· liOVT• .,.· ·,, : < .. -~ '·,.,_,..~·,, ,"•} ·,,,, ),:". ) .,,._ ,: ·•. . ':• .. ! • ••• • •• ' •• : •·. • • 

' eve.r 1 ti11~ .. con.~.tant .:,\lQr'J.,Parid, ·,to :the. l) :J4n~ ~t -sod~unt :was 
• . • ,' ·1 \ • ' . ' ... ; ,, •. · \• .. · ' .. • • ·. , ' . ' .· • . . J 

not. tound in h1s .work nor• elsewhe:r·e•:ln. t11e. litera·ture·, .In ' '!, '',·' ; ) ', . . :·, .. ' ' ' ' ;:, '; : • . ··y · .. '. .'.'' . ' '.' ' ." '. :· •';' . .' . ,., ' . . • ' 

thts· _-wo~it'.•: the ·~ef:f'.aQtive .i~d:l'.o.</t1a~ r!fle&8ltl1ed: W~th an· Abbe-. 
, > '. 1 I . , ~., ,: , : , ,c I ' • ; < • '. , _, I o ' , ' • ' , , ' • • ' '.J ,1 

retractoll\etoi.- . '.the · result-s., . .a~e: ·s1 v~n ·:on pag~. 120~ : For: 01-. 

. 1u1g~'.J.~(l~a~ tl)ne. n~5 -is 1 4457: , tol' ·> l~?lBeli~tl~ttCtone •. · 
''• ,., • ,,. • 4 

nB5 ,i~i-~~~~· .. , ;rhe.:prob~l.li~.,.e:rror 1~:~, 0.,0002~.· 
. ' ' ' . 

VI,. , suoo:rtstIONa. roR l!tJ'R.Tiut WORlt : . 
"; "'_11 ' .. ,j·,·:::1·;·• 

·ii·.:• :. I:n: tll·e -Of>'er:attoxi'_·t,f: ;the-_:reaotio1r cell~- ·t~e only:·dff .. · 

fic\ll~y .eµo~u.n~e:r,<l ,·v1aa·, frequent· :~la~ging ot:.·t'he: dtopping: · 

:m.ercH1r1 oapiilari~ > since· :the- cap1lli3ry-;-could .. be. :tlleaned'. ... ,: 
' • • • . •. ,· • :. • •. . : . , ' • • ' ... . .·.; . ' ' • • . ~· • . : . .• . . : • ,>_' • • ' • 

wit~- oyclo.h~xa~~ }1Ut ttQt ,_.~,~th, ;dilute _n.1t~1:c -~o:1.~,.i the clog• 
0 • • • ' • \ • • I ' • • • '• • '• • • : '., ,, , • \' ' 

sins is probably oauaed ,by, __ ·t.tie. silioon.e grease used ,on, , 
' ' ' '. • < ' ' - • I • • • • • ,' , ' • ·,. • •• ; • I • • • • • • \ ,,. • • _1 ' ' ' • • • ·, • I ; • • fl' 

the .ground. glass joint.: - ·. When.; putting. :tlle C$ll :: tQgether, 
' ' ,.:. ' ' ·. ' . . ',- '•,· : •' , '.•· . ' ' . '·. . ' _,. . '" . .'. . ,,'. . ·, . 

considerable. care WE.us exe~oie.ed :to :.keep \the gree. se otf .the 
• .. : • \ •• 1. • '. ·- • " ' • '. ' • : •• ... • ' : ' • ·, ' . ' , .. ' . ' ' ·., ,' . • ,'. ' ' ,· ,, 

end of the oapillarY• . Tneretor-e• · 1-t· 1s :believed;. this, grease ' \ ' . ; ' ' ' : ' ' ' . ', ' ' ' i: _. ' .- . -- •. ' ', . . i_ • ' • ' ' ' • 

has a. tendenoy. to ox-eep.; : A g:easo that will' not: o:reep .. ' ' . ' . , ' ' . ' ' . . ' . . ,, : . ' . . ' . ,,. 

and ai.so .will _not .~issolve organic .o·qm.poun.a.e .wou.ld improve 
l' .j. •:•, .• '' • I ,' : •' ,, • ,,, • ,' ,• -,• • t ' • :.. 

the operation of,' the; o:ell. dasisned in. this -vto:rkit ·· 
' ,, ,, • ' • ' ' • • .'' ,, • ,,, ', I •• " '-'. ' ' , • ,. ' , '. 

A sr,aph .of. time ,.a oxygen ~ptake in .this wo~k gave .a 
, '; , :·, 

1 
t ,• • '1,: .• 1 - :', .' ,,, .• · ; ' ,, > 

smoother continuous cµrve tll.$.1'· a: graph: ot time, vs .diftus1on . -
ourre~t: . . Tlrl.$ indioa~i,~ t!w polarog~phh me(la:eme~t6 . . . .. 

. . ' ' ' ' ' ' ' . - '; : \. - '... ''. •. . ' , ~- . . ' . ' ',; : ' ' .. ' . 

are less . accura~e than.. :tl?,e volume .meas.ure,nents~ . The. use 
of a manual polarograpl·t v10uia. be more accurate but. woul,d 

• . . . ' l' .· ' • \ 

be very ·tedious and. it would be ·nearly 1m.possibi·$ to make 

. ~;44;~ 



poluosrams··;Eis' rapidlf. -as. wae: necei:ise.rY·ito>obtain the: .... 
' . ,~ ' '. . ' . ' . . . . . . : ' .. ,,. .• 

oxygen uptake ·d e·t•:mlna·t:tr,nif ;1n .·tnia · workf, -The Model 
'· :· , . ' ' . , .;, . ' . ' ' . - . ' , .. , , .. ' . 

Ul. Heyro,rsley. poJ.a~ograph; ·used J.n :this worlf1 gives · pole1ro-
. ' } .. . . . , ' . ' . . ·.·. . . ' . ' .. ' : . .... -· ( .. ' ~· . ' ' . \ 

.srams,•itha:t ··oan<b~- m.eas~ed,-'Po .wtthtn.·.1~2?$,-,-/'?.he :only.\ ot~er 
f eOo~~:pol~rograpn ,the, •1i:et· ·tQa.11# ldtQWll . to· thi 8 · · . 

• . ·':'·, '; . ·., ' ',! • ' ··, •• -,. " • ,· . •." ·• ·' 

aqtJ10t·-to giva xuore aooura.t$ polariograms·1s the Model . 
. ,. ) ... 

. XXI; Iieyrovs1t1 ·,polat-og:rapht Dia:t1\lfat.1tured··by-' th~: , •. :l:h Sar-. 

. _ g~nt · Comp~nt'f·: the isam.~: ·ebmpany-. · that. ·ma~utaotUl'es ·. tq.e · 
Yodel XII. ., . ' . · .. ,., . '.•,' . 

< • • ,c ' L • ' • ' 

. 'The oXygen;voi:~~.9 ·iil.easuienten?t2;{:oan' :btf moi-e' aoourat~ly 
< ' •• ; ' ... • • •••• ; ·•. • • ·,. ' 

· made· 'by· ai ·terapetat·ure' ·control more: prtt~S::se thail: tha,t. in:· ... •· 
.. . .. • . . ,. . . . .- .: . {· .. ·. I . . .. ' ... ' • . 

this· work:• ·It .is )>elie,red .et:ciroulat~' .,wat·s~f ;ettttew. :with 
• • • • \ 1 • •: • : , I , ·• , ' . , ' • > > ... : • _' .' • ,; i~>\ , .'' '. ·. • "' ' . '0 • • ; • •" • .' '• •· o < .• 

manual., .. • . 

· .. · The total :oxyg~n :.volume ·:d.eorease in. this ,.wr.,rt vms 
,· • , • • • ' .. ' ( • ,•. ; • • • ,/1 • • ' • • ! . . . . ' . ·, : • 1. 

never g1'ea te:c·. than/.15~20 <ml-:•.· and/often wtl$ a$.'- small as 
' ' . ; ' :· . • • ' . • . . ., ' '-, •' '. ..: . ·: . ·/ -~ '. . ' ·: ... ,· ' ' • _: .• : · •. t, . . :i 

. 6 · :m1. · ':tf · ·~ne '. -~ota,l .. deqr~~ w~te larse:r1 in : tne: 
ranga·.-29~(l mi, or larger., the· ·:ox1sen measur~:~nte :would .. 

' • ' ', ·., ' l. • ·'• ·',,. ; -·. ·.·• ' .' '. 1,:. . \•,;, 

_be• more; accurate•· ·, ;This.· cou:t:4:· .. .b,, 'aodompl1she4 · by. rp.atc;ng · 
the :determination·s using •l~rgei'. volwntfS; of solutions,: The 

, ' • ' '! , ·, d · · ·• · • • • . , ·,, 1' ' ; . ' · •, 

vol~e ot · ·:_sol~~1on . is . sQnl~b,it ·:r~stri;cted 111'.th· \the. . present 
reaction cell, but~ · a.: e,el+: oan_ be designed without . dif ti• 

' < 'I • , • ,' '.')' .• ·'. ' ·, • : .i ·,', 

For·· future· work,- :a study sim1lar 1 to ·:the present one 
' J ' ,' . ·, ... ' ,.,,, 

, 
on ot.b.ar unsaturated :laot9nes ia·ln, order, A study ot the 



" . more' intornia tion'ibi' :Wli:1.cir.the r'fl1dr()$Einetio1i' :phenomenon• 
) •· 

;pr·ev!:ouslt·, d1sd.ussed,i ln.ight "be :; expl.:ained'i'·. .t(tstudy, ;of· oxy-
gen : ~11take:. ot: · ·u.nsa:turi~ea 1aotor1ea; vd.11' turtiish !addi tiQnal 

.. . 

intorma·t:ton· \rega:tAing '. tue:· structure 'of the peroxi,des· and 
,. ' 

'; ',.. i . 

, '. · . , . ; ·. wna. : prtter: :• ot· .:»~ottoz( .: ·ot:<, tntsr:.t,f.\rox1a,r :to~ma ti on , w111 

tutnish·molte'.1ntorbiatiotf ,;regard:tftS:: the::•meoliani'shi:,:01;'-·torm.a• . . 

ti:on. ·:A:Ljliougb, :fn the '1,rei;en~ '.work •.• ··suf:tid~ently wide 
II' , ' ; ,, ' ,"'~ ' • I ' '. • ! 

.rang'e'·ot ·coxioen.t~atton· to' do·~t~s ·was, -not: :obta.1ned·, ·Other· 

· pe:t'o:dd8 :f'Ol'.ma ti.oh jilgli t d'.<i ' iiiot' · tell' ex;iun.pl.G • dt OlOhe:Xene 
peroxide ·seems:. to l)e(Jnoro' stabte :, thijn· ·the present: ·peroxide 
and · an· oxygen- ·uptake' . s·tudy,: or. :cyolo.b.ex~ne. ':ii:ll ,·probably: -'· 
attor~: data from Which the·; order ot reacti4Jn. · can: be deta:r~ 

i '", ' ' 

'F'.rom the· work , ot · Jb.arasoh :and . :oo-worJcers discussed.·. 
in· an 1 eeirlie~ S$OtiOn ·titled· flist<>rr• it\ was ',shown ·'i~dir~ot-
ly1 that· sevfa~al oletins· spontaneousi1· t~rm ]>eroxidcis, · It 
would be ~nteie'stihg ·· to ·d.eter1nin,e it· ·these. peroxid;~s nr·e 
d.eteo·~abl..et with'. the·. :polarograph•· ·' tf· they a:re;J ·· thi::i iri.stru,• 

.ment :,OQ?ld' be tis0d ·to' verity the :·work ot' ltharr:t'soh by· direct 
methods.· '. i ; ,' 

• : f • , In; 1iie publications, iharasoli· t1nd•: co~worker·s· ··trequent-· 

ly ,:ment,iOll the. US& ·of, ,ant~~oxid,a~ts: .(c~. l{istory-) •. · ~tt 1s 
possible 'that;·, ttl~ ·.J>Qlarograph: mi'ght. he used.< to. clarify the 

\ ,,, :, .... ,.,._ : . ,, ,. 

etteot ot 'these a1ntioxidants; that: 1s1 it· .may: be .»o·ssible 
1 f,' ' ' ' ' '· .,.,, ., • ). . . . 

. to deter.mine u: the' etre~t 'ot' ~ti.oxidants is to: prevent 
-~146~ 



,the·· :f.?rinati'.oll~: ot :f peliotta.es t ·or:··:eo ::irllilb~ t ,:_·t1ie~ j polymeriza-

t:toi:t ; everi:: :jjl;; th,f ip~fe):1enct( of' ·p~'dxid.es·.:·; ·:·The·: pre~tent• :, ) 
theori; ·conoe:eninir:the:;_.a6t1dn ,ot:i·fjnt:U,~i'dant;s,. is: :tfu:rt._,_ th.et·· 

take: .up• ·.oxysen: •faste'1·•,;;:th~ni 'tliE{•'oletinl l This) phen~.rnenon : .'' 
' . 

. ta.at :perhaps ··be ·ver1t:tect·'u1··: lls<:f··of·:-the:··polarosrapiji _·, ,. :- ·. • i 
' ' 

1 
·,.;. ·•. 'ltr ls.-~1s<>· pt>ssibl.e:•.tha1r ·tu.tu;•e'.,\'dor1¢'wi~i':_suggest · 

retinem.en·ts 'ot !t1ie:~::11rflseht :m:athoct•ius~·-··to :d~termina..>the.~ · . 

. peroxide ·<>011.tent: of-olefin$ v1hi6li' Will~kej,bssibl~ con• -.. 
. sidex-able<inorettse -in the a<H)ure.oy of l0•15?b' obtained:, in 

t 'JI • ' 

' this -work.: : \•' 

VII.. ·auMM.(,RY 
• :: t I ' ':, \ '. '. ' ; • \ ' .• ... · ',,, ,,\, ·, 

l~· .·. ': .. -''l1llt:f ~eauction.o:t: '01~/ and .,..angeli~alaot~nes'·ht> ·, .·· . 
the; dropping ri1ereu.ry-. electr~d$" has .·b~en: studi~di: : It:<w~s: " 
f6un~·,. that a.ang<eli ca1actone doe·,r ~ot ~educe~ .. ; : ,-a11geli--

ca~aotone r:eduo:es., by L~: two ;step ,p.r~eess~:\ ·:Cha -vm'Ves 1 a~e-· 
too·. ~~ose: tosetlie~ i for·-_ac<:'llf~'t~r. ~nalysis" ot the wave$} :, ·. . · 
:&l·---i-.as V;''.•and' -~1.99 :v VS~ 1:-:s.,o.t~). This ·:'ae¢eea :wit.Ji .. the: i_ 

••• i ", .. 

two·, step -i'edu.ctio~::bf'\'~droge1t· of'.i :: J .. a:ngelioal.aoto~a:•·;·,,-·No 
oonciuSio.ns: Can ~e, ~de1 ret;'-1:L'dtn)f .the •. bidrogb~ttoll ·· ot cii.-· 
.angelica:lftdtonlf · t:o: .'gi1te'· the, ~satu,jatett ao1a: by; a: :·9ne :e,tep 
process, ,11 thou.t the ··e.ppeai~anoe· :.ot -t1ie( satura·ted 11laotone.; ·· 

; ' l 

2 • , , ' ._ It ; .tuur :b~en :·$ho~h ; that ... : a-~ and ; f3~ang,elloala·o tones·· 
spontaheo4sl.y:· forrn~.-,peroxid'es' ih.' thEf>presenoe.·: of_: oxygen· '. · 

I.'·', ' ,, • . ', ' ' 1 

that ·raduotf :a•t:·_the ~roppil.18i)Diercur,i· elect1•0a.e:.,,·,: ·-.rhe :;reduct•: 

i~n. 1~ . ir1•eve~,sible(1 "In as .mUoh :.a[i: the'. ii. b:f ~1i32' vs 
, . ' . 

s.o-~E•· :in .. both c_aaes,, the _'p$roxide ... o:t,,a·•anseiibaiaotone. 
•147,.-



. :tn -~ "s~qngly( b~sio:· 'sol.u.tion,' .:suc·h ·as <a; _:o ;r M., sol-
, utio:n.-, Of t_etraniethy-l· ·amm.o~um>l.'ii-o¢d.e.i t!ie··Ei 'or:. the' p~.;-

. -oxide· :1:a ~liitttet: to\mote::·negat:tve valuaft':::F}it :~i~ssv v:11.' 

S.-C~E·,'.• .. Gliei~a·tn·:s'~lu.t1:on··~hifts;ithe:r&½·'·to::itio1fe :po:sit1ve 

val'Ues, :.'to· -l'~27V :VS~'; s.iOiEl't' iiosaiblyc ~titf '1fo' 'a' rea;o't1·oh. 
·o.f':. glycine 1wi tlf .·:tJ.ie: laotbn.eJ 'or ·:per:o:tidef i ::in/thEJ ''p;res·$nce .. 

, 

ot·. · :alo_~hol: o:r- · oeliosol v~• · the' j,erijiide1 Eif'· fs '. ·sh1.tt'ed. to '. 
mor~ ·nega_tiv~ ·vaiuek:and 1thel'8 -~irri: t~;o: :re~tiot1b't{~av'ea ih-

v • ' e 

' . . stead: ·ot one~ . i ' • • • ; ; i: ' • l ;, 

5i.·: -' · ·: · A reai,.tion :'ti'eii:· has ·bel~n' d~sisne·a.. find ·l,uii.t · ''to 
m~ta's·ure'· tb.tf · oxy-sen '·Up'tak$'. bf;', :a~'., ~rid·:: ~~ahge1ioalakt'oii$ 
. in cor1,ela tion'··wfth.-' the'. ·dift•usion' ·co.rr~nt: ot '· tn,.e'.· p$rbx1c1;;: 

' ' . . . . 

The ··.1uain ··teature: ot" tli1$ ,:·ne~v ;·cell' is·- 'a droppi~ merou~y · ·· 
· electrode \Vtllich: 1.is :· :tnt:rodu.o'ed·,· :into ,•the' ;r&&ot·:t:t>h ':oeil ·:by' 

' ' ' (. • ' ,_· I- •• 

.mea.ns : of ;a >ground' glass 1 joint -oh·/ tb.e · e11.d" o;Jt the oa.pillary~ 
4:,· , . • • . , The' o:x:yla;~rf.UJ;/taktli bt>01;..· atld: p~~8liOG.laCtolle tiU 
be.en'. studied ·1n':·co:nJun~·ttoxiwt:th' :t1ie·:·ditfus1on·1 ou~r-ents · 

Of'· t!ie:' pe~oxidEh'' t.C.tie' pQlarogrilph cannot', bE{': U.S6d. ,:for :ina; . 
iysis'· )ot :t~i'e"., p•roxide '-content ,.with ait' ·aooUl:~0:1 ·greater· than 

' . . 

10%: becaO.tie nti·· ::oallbr.titioi· ;curv:e'··can: be irtade ;wftll an ao.; 
ouraby great.er:: than to·%.;: ; :Thi"s is' beoauscf th& :"trhe: . oonoen:.. 

tr8til)Jl ot, .PeroXid& cannot .be aScert:athed ,flibm ·the_ oltyg~n 
uptake' due' 'tO 'a <aeoondarf '-reaotion: 'of: ;the 'pe:roxid·e.': :tt' .. 
is ~oStlllfit:ed tlurh 'tnuf s~Conda1i i'eactiori ls' P01ym~~i~at ... 
ion.·. The maximum -~o~~el!aion of l.a6to~~. to perJxtd+i: is 
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probably .no :more ::tlian· 10-.12%., 
' \ " ' ' • , • • .l 

: · ·i\·.;tog1oal.•·19n.ioi'm.echanis~•ite>~ 'the···torination of the 
. tper.oxid~ :~1··:a:1fi~~-t ·9rde~·ir~~¢tio~Jia~. beext.fol~~ul~ted •. · 

. ' . . 

·•i.n:t:s·;,~ropo~$d n-1etohan1as±i:·reauit·s ;1~··;,tii~ form.a.:t ion· ·ot.:a · 
· hy-drope:roxto:e· .gr:oup:•f.it, the: ):r-,<t~1iboif',a:toii) and/ .ao;,Ao~ble.' 

• ' C • ,, • ;,, ..... ' • • ,I . ' ·. ·,• . 

bond" betwe$.i1 ;'tne '. <?'· · aiicJ.: ·'. :fJ ·. oarboJr \itomtif ' hydropei,o:x;-.. 
, •, ''• • •, 'c I : • ,• • ' _•;~, • • : • f 1,• ' . • • ', 

14l7) , . .ha~ ";the:.·s~~· >"st~u..o tq.r~ ·,~!hen:· ftor1t1ed> from> ;e~ :ther :; .(X ~· or .. ,' . . . '. .·· . '. ! . . ' '. . . ; '. . 

-~- •Qllgelioalaot.orie••:. ;:.Thai stP~o.-tuta:'.'qf\'t~l:~f pe:roxid.e agrees. 
"4 tll : tll!'> $t*,ti~t11i"O~ p08t~St$,~Jb;; iatmEi; :( or, .. H1, stox,y) ' 

, : ! ' . ,.._ .. . ·, 

o:r ~ieti'.riAc}·pero,cicle~ ,Vf1 th-~ hy(\:roperoxid,a group, a+pita: ~o . ' 
' 'J . ; · ·, ; . I ' . ,I '~ . . . _ ' ' ' · . ".· . • • I '. 

1 , ••, I • .', :·• .• ,i.,. ' ." '._J '\ . t1'4e· ,double bc;md.f , ; ,;; i.:: <. '. 

&•.:: :·• . Th~: ;valu.m:O:f;·. n!5, 1 are'; ;epo~te<l.l::.> :tn!s::1,eysig~l -con~·. 
~tent '•has; noif pe:ry1°'~slzt .been: :V(fpQrted i,n t~terenc~ to!·' 

.... ;.'·· 
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