A POLAROGRAPHIC STUDY OF O AND }-ANGELICALAGTONE

: '..“,by S

ey Vanae Kirkland SR N
A.B‘, William Jewell Gnllage, 1941
Amm., vnivaraity of Kansas, 1943

Bubmitﬁaﬂ 1o the- Dapartmant of
Chemistry end the Faculty of the -
Graduate Scliool of the Univer~
sity of Kansas in partial ful-
- Tillment of the requlirements.
for the degree of Ductor of
. PhLlOSOPhyQ , o

Advisary Gommittethj

CA. VMM.LUW
Cheirman R

0. d 2

 associate cnaﬁ%man,ﬂ“’w
Ffa/ff‘
Realy

September, 1948 - : B ~Zz;1114¢g/ g?”lxz«nﬂéi;l\\

» Dept, of Chamistry




T WISh to express.my appraciation ta
the American Chepnical, Soeisty for

the predoctoral fellawsnip held faﬁ,,.‘_n,

two years which hag made. possmble the,
work in tﬁis tnpaisg,



& }?QLAROGRA}?’HTG ST(YI}Y 03? O‘-» & I\D .P«-M»GELIG!&&&T&PE ‘
Table of Gantants ‘

e iﬁﬂPoyﬂ‘z”
© IT, BISTORY

:u,ﬁvnqaﬁ 3 ed Lao?onas

~vz;Figura I, ?olarav ax

g lefigié “ermxidas ‘ zfﬁ*n‘w“+vw¢~rﬁvﬁwfx'

3Analxtiaa1 Methb&s for fe&axiﬁas

~Pola grap41
'AU olarograghx bf Peroxi&as

Iils EICPLRILL»I&‘IIXL

?hatarialq and ”renaratians

Sl “Eparatu3‘~'

hie ﬁall

j}_g_mm IZZ, MU@&: A;gmmms Do

;Praeadgga SRR :
v_thhad of iﬂﬁ gﬁ B&ta

aatarminatiOﬂ of m

Biffuaien auafficient of nygan

Reversibility cf~ﬁeﬂactien Wﬁves and the:
- Number of Eleatrons Involved |
. - Oxygen Uptah& of the Anpeliealactanes
‘ RE“'ULTS

Calibration of Gagillarie 5, Daterminatian ‘i

;‘of n

Determination of the Diffusman Qaefficient:~~'.

of 0535 en at O°0. B

e

-
26
&
54
-
T
45
58
.85
e

66
63

.
69

7

n.

73



o "”\'Halft' Wavea Patentﬂ.al o o&-A%els_cala@tone

Ve

L:75“ggggm;gg§;gg of tne niffu ion Goaffioiant

: :Revarsib;i_lzj,tz ui‘ tha Reduction ﬂf o(wweli«—

o of, xg g at zsﬁc. ~

. :Peroxide: Lffec’c of t’.‘fc:mcra.rrt;gat::l.m,i R.. i

h gﬁ%ﬁgﬁgﬁﬁ-gﬁzﬂﬁééﬁ ana the mumber of
WW
 ':....-‘££?3£3_§}. ,_},Q,Eakg ...‘?.
%X&@&g_@a__gﬁ ‘of ot..:f?-":!*u

" 'I{:inetgcg of %xmen Hgt&ke oi‘ a»{t%alicalacm

tone T

Ealf Wava ?oﬁential or

Peroxide. :(‘feet cﬁ' Gcmcex! gatie:m

o .«An‘f' lioal "ctm g;_' Mez Ravemibilitx
S aml tne Numbér af Mactmns lmro.'LVed in o |
104
| me at 0% 108,
o Kinat; of Ox en Ugtake af

- the 'Raduetian
" gggen Qtake af
 Oxygen Uptake of’

-Angelicalactons at' 2500,

‘bone

‘Reduotion oi‘ a- and

| educt;on of Levulinia Aeia an& ,s~ninxaroxz

irgleralaetone
;gdgx “_gﬂefraotian of Rty ami | it
laotone AR A

 DISGUL SION oF TBL RLSUL”S .

” ‘¢6

8

Y
'-é,?'

95

114

119

120
i



o : mrfus;on oeffiaie t of Sim L - &
k VHHQM Wave Potentﬁ.al af ox%ngelical&ctoné o ) )
== "“'i i 1@ ~9~.neauction {¥“?=¥<,‘ﬁ  i22~’

s
o Ox:ygan Ugtaga of a-zmgelicalaatone ‘_ 1 138 |
o g .'5 ?a;ggagram of a»ﬁnﬁeliaalactone 1 |

. ‘Solution ST PRI l‘ 1,’31
L | : take of gffff.HJ\ ’ SRR TR
| ..m.... 4 Roloromzen of feinpellonlactone
. gulution | | ;,‘ : L “ S ' -; : 155

."Ki.neﬁ:cs of g:wg___gtaka of ou.. ami _@_ﬂ S
‘ M@lic&laatcna ':f‘, SN R | 133
'Polaro‘gmghic R__g@_c_s_;ian of Levulinic mid | o |
| ‘v an& 3 :m;mrom Valeromctaue H 3.?9 \
.P;astgg:atad Iﬁechauism af Fermation m? tne o R

. Peroxme of cx«- an& B-»fmﬁ__;icalactana ,’140‘1\'
, "]’_,Index of Refractiog of a-» am’i __,5,_5%?.1_129.? :

‘ I 1aetone e 8 i M‘?’ |
Vz: swcms*z‘xom :e*aa Fummz wa&x i 144 o




I, ?UBPGSE

As nriginally projectaa, tha prasan#?_ M?-was{ﬁaf~ -
f“%ﬁé reduotion

'aonaist of a palarographia inVQstigé‘ia_;

of unsaturated lactones, The banavi” of hhoaa 33~1ae* \

tones whicn are catalytieally nydragana ed ﬁa saturated

aaids~w1thout the appearanea af thﬂ ”aturatea lactane was J .

s&ngled mut far speoi&l study* it waa haga& that the polai ?i

aragrapnia‘method might mﬁke passible an‘unequiveoal praof ;\ ;
,of whether this was a one~or twa 3teg red&et&&n. On the kL';
other hana, ather uneatuwazea lactones ara oatalytiaally
,hydragenata& rirst to the saturateﬁ laetane an& th@ polarau'
graph was expeatad to anaw this aa a ane stey meduation,

ﬁuring the cow se af ﬁha Wcrk) the s?antanaous fo&md 1?*:

"“*ation cf a cempauna betwean an unsaturate& la@tane and

1,,_:oxygaq wag deteotad. Thia aampound is preaumably a perm‘ﬁl
 bxida. The directlon of this prob&am tken changed to |
study the oxygen uptake of the unaa%&rated 1ae$ene.. Xt"
was hoped that, by means of the palarogragh and &’ nawly E
designed polaragraphié cell, a new methoﬁ for the quanti»f'
tative analysis of such olefinio peroxiaaa and some new r”' 

knowledge ccneerning tneir atruatura and cﬂarac%sr might

be found,
II. HISTORY
Hnggtgzg od Lgotemeg

a»an@aliaalaatone (sb) end - ﬁéangal‘ioa_),aatma o4
were first reported by Wolff in 1885 (1), later in the seme

e



year by Thorne (8) and still later (l@&l)\by Tﬁiele,
“Tiaahbein and Loasaw {5).- Their praparatian ﬁansiatad

esaenxially in rafluxlng le#ulzn1°~:
ﬂvdriaafﬁ

btain tha cz#l&¢ﬁ0na;  whé€¢§«iédt§ne was
prepare& by raarrangemenx of tnetm7ffff““'h : cats
with a tertiary amine ﬁuch as ﬁrlethy1 amina‘V*‘f‘ | i
 Gavalllto and Haskell (105) have shown that elkeltes
Vbreak tne laqtmna ring nf <m~angeiiaa1aeﬂﬁana witn simn1~(  ‘

tanaaus 1oss cf tha acubla ban&, ﬁunvarﬁing the 1aetona

toa keto aoi&. ﬁinaa tnis 6anble benﬂ saams to be neueau“u,“

sary for the antibiotiu a“tivity af eartain.aampcun&s W
oontaining an unaaturated laatane, alkaiias &estroy auch
‘activity. Alsa, tha m&raayta grnups af aerﬁain campaunds ff 
such as eyatein ara ganerally ﬁhaugnt tm a&ﬁ aﬁras& the i :
doubla bond of unsaturataﬁ laatana although ne auoh ada~ :
ition eampnun&s have baan ieulaﬁadik The resalting 1auuf
tanea may than re&ct withlan,amina graup. ﬁuan paatulate&°‘
reactions may be of signif&aanne as a mmaa @f aotion of ," 
unsaturataﬁ 1actune antibiotica with sulfhy&ryl and pos»‘  _
aible amina gxouys of anzyma pruteinaa wﬁnﬁez (106) h&a cun
anwwn tnat cmk and P»aagaliaalaatanes pra&uaa syaﬁolia -
standatill af the isalated frng heart, ﬁatian 13 ahown

to be due to the fonmatian nr peraxidea 1n tna aolutians
of the laatonas; tﬁeaa peroxides are resistant zo uatalase,
but not to peroxiﬁaaes. Tertiary buty& hy&raperoxide

cauges the same e:fect,.bﬁt is nﬁt_eftect&ﬁ by peroxidases.

P



This systolic standstill is proceded by an lnoreased
applitude of 09ntractioa and then diminiahad relaxatian
of the ventricle (107),,,\« ,‘

. These lactones are alosely relata& in 8truature to .
the 3trophantnidin.graup~0£»aaraiac aglunanes, leeey aigiwif
talis 3lusosides such as &igitmxigenin and gitoxigenin ’
(104), whion are also¢§ - unsaturatednv-mlactanes& P@ist,
Blout, Uhle an& Eldarfield {111) beliave tﬁa% tne mast
outstanaing of digitalis~straphanthua graup of cardiac
aglueanes 19 an unsaturated lactona auah as butenaliaa
"’ﬁwith a eyclayantanephananthrena jained,at tna ﬁ«pnsiu |
tinn¢n  T L ‘_‘ e
The hydrogenaticn of theaa unaaturatea laatonea 13 |
1nteresting.‘ Jaeaba end uactt (4) foun& that the cz»angaliui
f'oalaatones natalytieally nyéragenates aaaily with the g
absorption of two moles of hydrogen to give va;epiq‘aeida
No saturated lactone could be dgtegﬁég;;aven,whan»the‘nyaro~
geﬁatien was only parﬁially éﬂmpieﬁaa; ~ﬂn the bﬁher hana;

# mangelicalaatona takes up one: mala sx hy&rogen at the
double bond to form -ruvalaric 1aﬁtane. If tha ra&uotion
is cantinnea withaat 1nterruptien, valaric acid is mbtained.kf
But once atapped at the laaﬁaue stage, r@&untion to valeria :’}
acid ia &iffiault, The hyﬂragenatimn af sevaram ieomerie
lantcne paira 0f thia type nas been iaveatigataa by Jaaobs
‘and Seatt (4)(5) and manniah anﬁ Butz (6). LaForge and
Smith (7) invaatigated tha hvdruganatiau of ratanane, ,
Borsche and ?eiﬁzsnn (8) invaetigateé the catalytie reduct-

o



lon of mﬁthystioin to tetrahy&ra methysti@in, and Jaaabs -
‘and Guatus (9) investigataa tha catalytia reaugtian of
anhydro. »1‘~isageton$ﬁniu methyl ast@r anﬁ T*&igito '
- analdiacld mono- metnyl ester; In geﬁar&l, 1aet0nes in:
which the T morsw C-atom aarriaa a lactane han& ‘and a -
doubla bvna reduaa Lo the saturataﬁ aciﬁ aygarently in
one“azepb Qtner unsaturata& 1act¢n&a hyﬁraganata in. twe¢‘;<:j
stepss Jaoobs ana Soott i&) aunalude that, if a sub~ » i
atanae containin@ a 1aotona graup an& a ﬁaubla bond ia ;
promptly hyﬁra@enated to a satarated ﬁci&‘withﬂnt a bre&k
at the one mole stage; then the laetane 18 bhat of an
enolized Keto~aciﬁa ~ Exceptions to tnis ara‘compuunds
which have o nanjugatea double banﬂ an& uﬁsaturahea 1aow
 ‘tones aubstitutaa in Be anﬁ Tupasitiona*" AR |
Ralatea 0 these faeta ara ﬁhﬂ faaﬁings ef Paekenfarrf 
(30) that levulinic aold, taa starting praduat for the ¢
preparatian of cmuangaliealactaaeﬁ is catalytiaally hydro~*5
genatea to Tuvalaralaotanaa canxaining enlg traoas af

valeric aciﬁ;

;eg;nio g;aggdga LR R , -

warkownikoff’a Rula at&tas thaﬁ a halugan hydrida adaa‘,

rto a double bana witn tha nalagen ban&in& to tha G~atom . |
‘carrying tha amaller nnmbar of hy&ragen atams or larger
number o; alkyl graups. Sinoe tha faﬁmulatiun af thia

rula, Kharanch and coaworkers navs 5hawn tnat it holds in

tne absence ef peroxidas (and axygan}, but it is ‘reversed

RO



in the »xeaemaa of paroxidea‘ Kharaaan anﬁ nis oa~wark~_
ers have ﬁone -3 ar@at amuuat of wnrk Oﬂ this a&ﬂeudnm
with aubsequant aauﬁributions to tne knowle&ge of blefiniu )
peroxidesi & The peroxide effect an tha adﬁitiem,of halngen ;f
aclds to olefins 18 11miteﬁ to tha ad&iﬁian ar hy&rogen |
bramiae ainae hydrogen 1ad&da an& hyﬁragen ehlorade add
only one- way - tha so calle& narmml &ﬁﬁiﬁiﬂﬁg Eg&wagan

ohloride adda mrmny m tmmatnyx mnymm (m, to tri-

-ohloro methyl etny&ana {131. ta vinyl ﬁhlari&e whan aataw ;  f
.lyse& by farrio ehlori&a (13), tﬁ buﬁa&iena hy 1,2» an& 4.‘
l 4- ad&itian il&), tc a~halo grepanea “ fthe presenue afvv'
ferria chhori&e (15), anﬁ ta twiahlurn éthylene (15); |

Hydrogan iuaide raduuaa triah&oraethylena, :; aqes not
add. {16}; it does, hUWeVer’ aad narmally to trim&ﬁhyl | )
ethylene {11), Vinyl ﬁhlnrids (lﬁi; @rapylane, butenanl, .
4,4~aimatnyl yantena»l, an& aliyl hramide (17), ana to |
prapena, l»bramﬂprapana and allyl ahlcri&e/ila)ﬁ Thia ,
im axplainea by tha faat tnat hyﬂrmgen ibdiaa reaueea the~ 
peroxides ﬁa giva fre@ iaﬁ&nﬁ,'wnian is knawm‘ta aatalyza
the normai a&d&tian (l?)(lﬁ)(l&), unhyaraus nyﬁrbgan
flouriaa adas narmally in gma& yialds t& atﬁylena, pro~
gylane, ayuloprapane, ayclahaxena {lgia )
Hydrmgen bxnmi&e adds aecar&ing tm Mﬁr&awnikefi*s

Rule in the absenc@ af garoxi&es~and axygen. In the @reﬁ i

aenoe of pwraxiﬁea, aithar aaaaa or naturally naauring, -,  )

hawever, hydrogan brami&e adﬁaahnomallyQ &a ahawn for
vinyl enlari&a (18): | RO
;5; 



. i i B A

ﬁﬂC»Qwﬁ -P }‘-wr

R 0:&2 * ”ﬁz i sbnormal

__Apparantly, same alefins du net form yeraxiﬁas spontane~  S
‘Ouﬂlv in the prasenae of ny@an, since. i }ia necassary tay

add a yeroxiaa auen as baﬁzayl paraxiae an&'aacarido1a in‘ s
order ﬁo brin@ &bauﬁ tne abnarma Maa&iti0ﬂ j}mne alefina  ;ﬁ3‘"
Wh1°h ﬁ“ nﬂ* fﬁrm Paraxidea ‘spon Hieousls inaluﬁa a~bromo.f" o

gropﬁne, 2~¢hlaro pragena (eampérefwﬁth¢thala yrqyanea) ‘” {k
(15), ‘crienlwo ethylene (16} (36 Y, wmewyz. ethylene a
(35), iaabutylana {»9), pantama~l; 3&2, unﬁeaanuie aeid 5“;_ 
(3&}, metﬁyl aoatylene {35), prapana (3&}, buhen@~l (aﬁ),

‘styrena (35), and higner alafins ﬁuah as nananeml, trida~ [?'
‘aenaul, unaeaenanl, yenta&acena*i, haytaéaceneul, nan*vf
aeaeneul, 4wpn@nyl butena*l$ and 6«§hanyl ﬁaxane*l (21). |
sama olafins, howevar fonm peraxidas apauﬁaneaualy aa shawn  ,
»by the taat that hyﬁargen bromiéa aﬁ&s abncrmally in the |
absanca or axternally adaed peroxiaes ana tne nermal reaotian
aan ba ubtained nnly by ean&ueting tha raaatianlin a vacuum,; .
by ﬁistillation of olafin berara use, &nﬁ hy the use af |
,antiwaxidanta auch as diphenyl amine, hyﬁroquinane, and
thioeresanl. xneluﬁeé in thia groax of olsfins are allyi
'bramida (33); 1aahlorau an& lmbramoprapene {campare witn .
zwhal@ pﬂapamas abeve)(ls)g vmnyl chlarida (13), 4;4~di~ “ |
methylpautenewl (23)(25), paenyl aﬁﬂ butyl acetylane (28),1;



vinyl bromiaa (&7) unaeaylemin aﬁid (5@)g butynema (80};
the: peraxidas of whian are aumetimes ﬁirficult ‘toi ramave,
and triahlmraméthylathylana (12} wnien fenma yeroxiaes ae'_
easily that the p@raxi&a datalyaea &&ﬁit&@ﬁ is “the anly
one’ obnainea wibn hy&rogan brami&e, alﬁﬁ@ngh hyﬁrogan
chlariaa adda nﬁrmally. Euta&iene ﬁas bean‘reperted ta
'fanm axpiasiva paroxiaas unaer yreasura ta?i, an& psagibly

tnera 19 anaugh syanxaneous parwm_,a* onm&tian tc causa

abnormal aﬂ&ition 6f the second: mo, f’hy&xoaen brami&e, ‘;{-

the first mole of hydrogen bromide = @ " .~ EEE
/being unaffeate& by<peroxides {5;)(&?} 't héald he re~ L

"membarad that theae yeroxi&es ama presan;, n;amall amaunﬁa;

30405 mole aﬂ ascaridala ar*benzay ;péroxiﬁa is generally

suffiaient ta aauae abnanmal aaditiar of hydro@an %ramide‘;
;he saMﬁ arltarian is useﬂ fer a at*ng wnetnar alefina fonm"
paroxiaea apnnﬁaneouslyu‘wﬂzn”" | u | |
Ocnsiderable disouami&n aanaarniﬁg th@ effeet of so*;~
vents on tne addition Qf hy&ragan hramide to elafins, both
normalk ana abnarmal haa appaareﬁ in the 1iterature, Kharasmh,
hawavem, maintains tha affeat of & solvent 18 on the paru -
oxlde itself and that peroxi&as are the main raatar deter~' l
nining the direction of addition (41)(22)(20)(26)(29)(s0)
(5&)(36){37)w 3herrill, Hayer and Wﬁlter téﬁ) and Iinstead
and Ryaan (44) believe the ﬁalvenﬁ auntrola the ﬂiraation
| of addition, Ingol& and Smith Lé@} beliave the internal pros«
sure of the solvent affeots tha adﬁztinni Ina series of
solvents whmse ﬁieleetrie aonatamxa rangad frnm 1.83 to ao,  ;
by controlling the peroxide ecntent, Knarasen and Fatta (32)
e



were . ab16535 ¢btaihfbathfﬁdrﬁal éﬁd”ﬁbﬁﬁﬁﬁé&*ﬁ&ﬁiﬁibﬁ“én
although. the rates variedy - Tﬁa salvant way affect par« _
oxi&a annaitions from one solvenﬁ ta anmther with tha ‘same f
olefin.. Miohael and Weiner. {31} wurkina with.trimethyl |
atnylena reyarted normal aaaitian of hyﬁw&gan hremida in
acetane, p@mtame, aarboﬁ ﬁiaulphi&a aaﬁ ethyi acatate‘

and abnormal additi&n 1n‘“pux&“ aﬁhar; aa@tia aciﬁ anﬂ H
methyl aluohol; 0n4th9 atﬁer nana§ Snerrill* ﬁayer, cand ©
Vialter (42) obaerved abnormax ad&iﬁian in earbmn tetras -
ehloride, naxana, &nd acatia aai& unﬁaw ﬁry aan&itians‘ ‘
’Kharasen,ana Eannnm (13) ﬁépar% aaeﬁié aaiﬂ nitrabenmena
and m@sityiena have a sli@hﬁ antioxi&ant affae Luoas,
nillon and Ybang (45) abtainaﬁ anly narmai a&ﬁiticn of
rhydrogen brmmida ﬁa lmbutane disqille& inta acetia acid‘.
Kharasch, Einakley, an& Gla&a%ane {ae) faun& thaﬁ pentenenl ,
(no spontanecuw yeraxiae) adds hyﬁmogan bremiae nermally |
- in acatic aei& salutian even 1f aseariﬁola is~a&dad, alw1,
tnaugn tois may ba aue tu ge@aratian af l&yars* Xn prapn'w
,a&ditian.with tha normal aﬁ&i@ia& pxe&amimatingnﬁ asnton

and - Smith {2&} ubtaineﬁ avidsnca"wiﬁh‘undeaenmia aciﬂ and |
hyﬁrogen bramide that hhe solvent efraat is an tna format;en |

of paroxiﬁas., xn 1igroin or hax”5 eusimg eammarcial aamw,”'
ples of olafin and in th& graaaﬂca af aiw, th@y ébserVe&
abnormal aﬁﬁitian* xn tha ahaanca 01 aim, aa&itian was
normal altnou@h.tne $alutians were aansitive ta peroxi&a .1§ 

fgrmﬁtlaﬂy By pprifying'tna unsatuxaca&~aaié; ‘they were s



able to: obtain solutions in,

;theqe solvents %nat wgre

_1nsensitive to- oxygen, iﬁ@#p the aﬁditia” wasinnrmalq

“dwaver, the p&rest

With' benzene or: taluen@ ag sorvants;

undeoenoia acld-is sansitive tn oxygen@ Any water in the :
 system causes the soluhiaﬁﬁ ta be susaeptibla 1o yeroxiﬂa  ;“_

»fanmatmoam u'sonner* ﬁaxainger,' gt anawﬁennion (46)

working on the additien of hy@rogen>brami&e and hydrogen

\cnlorzda to ayclohax@ne and haxene,;yfshawea that the rate

of raaction aecreases with inareagiag_ta&danay of halogen

,hydride~to aoordinata with a dena;,, kaef the aolvent» i ]1 

Thus, ther& ig mo. canneatiun betwman rate an& dieﬁeetrickqf:v“

,constant, the reactian 15 f&ﬁty iﬁ anhydreus banzene (D; ;;~
fz,uvx, but slow in. dioxaaa {n, 2ﬁlf};.ainue aiamane nas
twa ‘donor aﬁamsw ' e R |
. An inart snlvent does slow ap tne normal raaction by .
.dilutxan and in some. oasea wmere ﬁha nammal waaation 131,;f"
rapid, the abnormai reactien may ba favured by dilutin&tij ‘
witn such.a salvant, baaause the abnmrmal reaatian is 3315 ’

uonain meehanism unaffeate& by dilutio i LSueh a case isv'

that of tha adﬁition 0f hyﬁragen brmmide ta butyneaa (20)«

'Tne normal reaction ia naar&y aamplata>in two hours at

OQG; Al%hgugh thﬁ abnormal xea&tio,fiy{nat eliminatad, |

“it beoomes.moxe prominent npon ﬁiluﬁi_n with an inart sol~ »'

vanm suan as pentanea Anather axa‘ple of this dilution

;effect is the case of styrena (35‘ In abaenae of a sah«

vent, hyérogan,hramiﬁe a&ds rapiﬁly h&jnnrmal addi%ian- Yo
‘& maximum yield of 7% of “the abnarmal addiﬁian i3 obtainable"
e



in the préseﬁaé*cf“ﬁerexidésg;“ﬂbwafér,.ia'a ailute sulatian~ '

of styreme in pentane, a 80% yielﬁ afxthﬁ;abnarmal product,
P ~phenyl ethyl bxomide, neg be. obtainad in,the presencs of

(peroxides.l'iha fact that dilution slovig’ tha ﬁﬂrmﬁl aﬁﬁition  _»

and ‘does" noﬁ affeat the abnarmal ad&itian is taken4by
vﬁharasah (15) to mean that the narmal aﬂdi%imn is an ionic |
reaotion while’ abnarmal additioﬁ ia a frea~radi¢al rgaotian
with & ohainwmeahaniam, praposa& as fellaws: |
EBrf M+ | Qg (ar peraxide ) — ﬁ ¥ 9 kS 0" N I

ﬁ ' ﬁ

o HOH fﬁjwh“' SR fﬁifﬂ'
Hzﬂ':G:Br zBr-r-—,ﬂ:ﬂ_ : B s
H:G G ¢ Br: + HBr —» CHy & Q¢ Br: 4 1Br:

‘The ﬁifference batwaan narmal ana abn rmal-additian 'bne:m«"‘w

, fc;e ia vna differanaa between tna raaatien ef a bxamhiaion}hV

and a bramine atoma %ha p@raxide ac%s aa'fn imitiator¢ f“(
L ?rea ra&iaals, formed frnm peraxide‘ e‘_ather ﬁouraes,f‘?f
‘may also start or terminaté a styrene polymerimaﬁion cnain

;(48)» By amployin@ pnbrame benzoyL yerexiﬁaﬁan& anluro~ '

. acetyl paroxide, ?rioa, Kell ana Kreb (49}“have snawn that ey
the peroxiae useﬁ tc 1nitiate a yolymeriaatien ehain appaars‘ ﬂ
as a part of the polymern In the palymarizatian of in&ene,s'_f
wniah is aimilar to styrene, using pm and 0~ahlora ben oyl Hi
paraxide as oatalyst, Bra&tanhaoh an& Bramar {96} also foun& 7;
the catalyst residues in the paly@px&;‘ﬁartlett and_Altsohul.'

10~



{97) founa tnat in the palymerizatian of allyi acetate
nﬁing banzoyl paroxiﬁe aa aataly&t, tna benzoyl group is
taken into the polymer ag the ané grau@; Kblthnff and.

Dale (50} nave studied. the amulsian polymarizatien of
‘styrene with & parsultate aatalyst.1 Thiﬁ eatalyst 9rc~~
duces rree radicala to start the chamn.meehaniam {31),

but in the presenne af uxygan ther é-s an mﬁucmon pa:r:iod
during which no polymarization takaa plaeeu Tnis is oX~
plainea by a raaatien batwaen exygen.and the frea raaiaals
from the peraulfate and atyrane mix to farm‘peraxides;

Vinen the oxygen iavused.up,ythan«tne yernxiaas act as
catalysts fcr'thavpalxywmﬁzaﬁiﬂﬁu Eavey and Kblthoff (53)
'have aotually isalated an explasive peroxiﬁa palymar from s
the atyrene amulﬁion polymariﬁatiau mix whiah iﬁ thought f7f~i

to bes: Lo
(0 -0 ;.@3 - GB - 0 ~ ° - gag"t;"?ﬁ _—
| A

Peroxides can be used. as oatalysts in several palymeriza~ ff}}~
tion reaetiena, such as pclymerizatian of alefina with g;fﬁﬁv
‘sulfur dioxide (53) (54) ‘and vinyl acetate ua). o

?eroxi&as, elther naﬁur&l or ad&e&, are alao eatalysts»
for a number of otner reaotionﬁ. SOQium hisulphite adds
to olefins abnonmally unﬁer the influanae of peraxidea (56),>
there is no normal reaction under any aanﬁiticns, Thio= -
glyuolio aeid adds to styrane anﬁ 1aobutylene abnormally

when peroxide aatalysed {573 tnexe 19 no narmal reaation. N

-1l



Mercaptanﬁ ad& ahnormaxly ﬁo elefins when perqxide catalysed,
normally Whan aufluw aatalyseﬁ c&z}. An old sample of
ayelahaxana shows strang parexiﬁe prngarties and. reaata .
with %ulfury& chlarida to add a. malecula af ahlorine at
the double bond (584 while fraahly &mtﬂmd ﬁynluhexena o
undexr. antioxi&ant ccn&itiane does nat rea@t. Allyl anla-
ride snowa similaé/pfhﬁzfgfﬁmu carbuxylia 6atﬁr ‘adds to .
olefins under peroxi&e eanditians Iﬁ@). Trihalametnanea |
and ‘earbon tatrabramida add to. olefina in the. preeema@ of
’peroxidea (60)(61)¢ ‘In the last aeveral reactiena mention«‘ 
ed, the reaction is. atartea by-ﬁecempazition of the per=
oxide forming a free ra&iﬁal ass .

24

R 4 Br E Rl > 1B+ Ry
N R’l 4 HG = Qﬁ —_— Rl - %wcﬁ
] 5 ® " | ‘" H . .
1C « CH 4+ : Ry -——-a'R w0 «0C s Br  + Ry
5o 1 ; i 'xﬁ"' * Ry

As mentioneﬁ ahove, the geroxida initiated the rrea radiaal‘,_
anain by ﬁeeamposiné 1nta free raaieals 1ﬁself‘ Rust.
Senbold ana vaughan (63) have xegrasented tha aaaamposition
of a tertiary alkyl peruxlae ast :

o ' ; CHy

) 235@0 - Q

. Gﬂg(’} 10y — 033*6%% rQ';,a 4 CHz .
Gﬁa . i « -~ CHz R ,

Wiy

el



&earsa‘and Walshfféél Pb%tulete&ﬁthéffirstvbreak‘as~caaur-~‘

“ing. hatween the oxygen atom fallowvd by splitting at tne
weakest bond of the <z~ﬂ atom othﬁr ﬁhan the Gwﬁ bonds  The
free raa;calathua produoed then:initi&tesatnaAreaptian‘in
que'stinn;.wj O ey R i s
,.aA,pafaxidafbffn@tﬁh&d&ﬁaﬁ&h&a@éh@vnaé3béeﬁfis¢lataﬁv
by Hook and Lang {99) bymahakingéwitﬁ*éﬁygéﬁ‘ﬁntil uptake
nad‘stﬁpﬁe&; In this aasa, 1llumiﬂatienlw&th.an incandeg~
cent or mersury vapor 1amy cauaed &ecamyasitﬁan' winﬂaus
(100) obtainea a paraxiae of. er@astexal anﬁ prepaae& the
structure I belcw, wnile Fﬁessr (k@l) prnpnsaﬁ tha strud-
ture I1- belows o SRR
:E’,CeHl? ‘i

Triebs {lﬂa) faanﬁ that the methyl ester @f aleoataariu .
a&id is imme&iately aim&miseﬁ to a. yeraxi&e by malecﬂlar
oxygen. Witncut a salvant, this ﬁimeria peroxide 1s form~

eﬂ of two moles of oxygan an& two aci& chains. while in o

2

acetons solution, anly a monomerie peroxiﬁe is formed, ainae

it weald precipitate dimeria cr larger, Mathyl wicinenate o

in aoetone absorbs more than two atams of oxy@en per mole
of ester in the same way»‘ Franke anﬁ Jerchel (103) showed
that aleio, 11nolenia anﬂ ricinaleic aaide absorb oxygen,

W1



énd - ﬁhe rasults in&iaata thaﬁ anoe farmaﬁ, ﬁba paroxi&as “
tnen aeaampaae t¢<z~hyﬁroxy ketonaaaa-’ y ;

Thamson (65) snaam trimathyl aﬁhylane with air aad
found.: that it geve & strong garwx&ée test with potassium

iaaiaa* Aﬁtar allowing to set overnight, a precipitate -
of ia&ofarm wag formed, E& believeﬁ;%he atructura ar the -

paraxi&e,was a uyalic oma as:

U mgems |
cﬁﬁ - sﬁg B tn s e e
D - Q S IBNE R , .

A &imilar struotura 18 given by alﬁérs ana Schmidt (66) _
to the paraxide fomme& by ﬁﬁg(ﬂﬁaﬁﬁ)awéa whan eﬁpuaa& to i
the air.v In this aasa, tne peraxide values olosaly fallaw :
tne axygen uptake. Thare is an.apparant equilibrium nere~

between avmnnamariu anﬁ dimeria peraxida as: . '

GHg - G = ¢ - CH = cz—z Ao tmg,-. e
S TR "A”’*'cﬁ{%ﬁgﬂf:QéHh*‘éﬁ~*~ﬂagy}

&aehu in hia baok "Wasserataff‘peraxy& un& aia ?erverbin&ungen",

reparta tna work af aevera; auﬁhera cn yeruxideag For
exampla, nmgier (ﬁ?} rnund that trimgthyl ethylana, hexylene, |
atyrol, ayelopenta&ien and allyl aampnunﬁa take up cxygen |
to giva a peraxiae raaation, The neraxiﬁa tnus fmrmad.can "’;»
aecampoae with the formation of further nxidation pxaauota» o
The structure af thesa yernxides iﬁ similar to the monamario |
eyelic struature abovea. Engler and Frankmnatain tsa) reparted
wldw



that fulvens, methyl phenyl fulvens and mefhyl ethyl:fulvene
form an vecz;plbsive; oolorless: aap@fﬁﬁ&ég 0 st:anaingex {69)
reported diphenyl. ethylene rorms aﬁ amaxbhaus, wnite, weake
iy axplosxve ana highly ymmymsrisad @eruxi&e on erpasure
~ to light an& oxygen« This ne&ﬁxiﬁa qnan&itﬁtiyely decowposes
to benzaphanane ana farmal&ehyﬁe»uhan haateﬂ, u;¢«:¢“r:w
Young, Vagt, anﬁ Meuwlan& (40};26} h.ave reportaa the o
allyl! and pnenyl aeahylenesﬁ aitﬁ@r m@nﬁ or &i: aahstituted,r fi

form peroxiﬁes¢ Butyl aeetyl@ne was aligwaﬁ te fozm a8

,peraxide for sﬂvaral waeka an@ tha" warmeﬂ ta decampose

the: paroxiﬁao ﬁrum tna visaous laahrymatnry 11@ui& cbtainu~"~

éa, ﬁney wera abla ta isalata valeriafaaia wh&eh indicatad

cyulie atraatnma uf tha type givvn?a%aveﬂ ;*”ff‘ f~.j{  “'

Jaaqusmain (76); whan he, exmexi@mseﬁﬁ &iffiaulty in
ohtaining 8 bitertiary azal derivativw oi ﬂnaﬁane mlaunul; |
studied tne oxy@en uptake of Bgéndimathyl,~l 5~pentaﬁiana,k -
The speed of this reaation depends upon the tesérature and .
density of illumination 1n ulﬁraviulat 1&gnﬁ; the reaetion
13 autaoatalytia ana is yaorly influanced by pxassure. In o
aarkneas, there is no oxygen uptaka wnile in wltraviolet
light, thera is a 50p axygan uptaka based on’ ene mpla OXy =~
~ gen per mole of éiene at 40“G¢ Tha ineompletanesa of oxy~ -
gen uptake'is explained by pastﬁlatimnAaf a digsséiable |
aumpuund. The percxida is axplea&ve anﬁ oaula not ba pur1~ |

fied by diatillatian: tne authar gl?as the rollwwing formula"

cHg = G : . OF = C - QH B :ﬁr?aa; ﬁ#emar: ﬁﬂ'-‘f this mwund-

o ',‘m_
| . #15e




of oyclohexeue and: geve it a cyclic‘atrnétuﬂé-asgz:r (s

S / a RN B s }:f I S I R
oH, \GE—G R

SEENY R S R l I

o | Gﬁa , ﬂﬁ——ﬂ

Hook: (72) in a brief. raview, dascr&bar tha preparation,

: properties cf pura pernxiﬁss, Ea 1n¢1uﬁas Y peruxide o£q~
tatralin aﬁa ayalanaxama whicn waa abtainad in 16% yield
©in a parity nf 97%, M ?¢ on 50“ Gu tha baais of its
aacampbsiticn’with.ﬁgsc& ané aoﬁium hyﬁraxiﬁeﬁ ha attrim_
butes hoth an Open ana cyalia fenm af oxygen attaahment. “v .
Brlagee, P&lﬁ and ?lygare (?5) graparaa hha same cyclan“v-
haxane peruxiae by shaking eyalahaxene in a quartz. rlaskfﬁﬁ
at 35” in the light af a msraury 1&m§ for 0n1y .24 hours.
{Hock taak 200 naurs), ia order ta impvave the’ puxityas~”
It wag further purifia& by éiatillatian at 0,3 m, but

: even the best praﬁuat was not absalutely p&re bﬁcause of |
rapid pnlymarizaﬁieﬁ¢ ?hey'were ahla ta prapare pernxidea o
of ayolopantana and m«metnyl ayclahexene& cxnpinena, |

aamphana, and. 1~heptene absewh oxygan taa alewly 0 180

lata a, garaxida, 1~athaxy gyalahexana takma ap 0xygen
rayidly, ‘bud tha garaxiaa daaompoaaa taa rapiﬂly to be
1salaﬁaa4 Griegee, ﬁﬁ@ ala, gaVQ tna farmala far this
peroxiaa asz P Lo .-

v Gﬁg - Gﬁ - CH «-‘ QGH
Qﬁa - QH ‘- Gﬁ R
: Mlaw



The r@aaans for such a fcrmula ara basad gartly on work: .
of, Hook. {v&); i
Aeids @ive a mixture of triol

Wﬁase fammatian is.
‘*axplain@d best by hydratian af tna nxiae fmrmad by oxXygen

migrabian af the above p@raxida aa.

. CHp~CHp<CHOH

| aﬁa-cﬁz_.emwﬁ Gﬁgmﬁﬁgnﬁﬁ-ﬁﬁ ‘néé »
(5&3*33 ,..éﬂ e C‘sz«cﬁ e é‘im.gg »&xzoﬁv~

5'3‘2""'?;

ééf cancentratea alkaliaa giva ”ucyclohaxannl {reﬁnaﬁion |
proauct) anﬁ a mixtﬁre af aeiﬁs (ami&atiaﬁ proﬁunts) 1n |
wbioh tna oémyarexy'aai& p&adaminates; ﬁxa xt adda R
"‘.i“lﬁ a"ma:tns aati‘ve
hyﬁrngeﬁ avalvin@ QG% af tha %haafabiaal‘amnunt of methane
based 0n abave fer@ula, with. Uﬁgngl It reacts with -

smaathly two atoma af brgminag g

lead tetraacatata vigorﬁusly in the aalﬁ witn avolution »
- of heat and libveration of 93?%?%;&;, x_eaﬂ_m?x;j given only B
by a hydroperoxide; 6. The ;mﬁlam@ Tefractions agree |
batter far a hydraperoﬁi&e atr&atura than @or ancther,.
Hbak, in a later papar (?&), agraaa with ‘the, hy@roperoxide
structure. TR N ¥ ey " e

Iﬁ Englanﬁ, 3armer has ﬁane extensive work: on tha~
struatura of thasa peroxides and tne meehanism mf -auto
oxidation of olefing, and same of hia iﬁeas and ataten _
menta are in urﬁer here., In auto 0xlﬂatian, tﬂere 18 ‘
little. aaubt as to, the. formation of paraziaa greups as the
firat stage, although only a small amnunt of the peruxiaes
nay ramain at the end (75). -Much. of the ‘eariier 11terature

on the ﬁubjeet follows tha ﬁngler-ﬁoth iﬁaa that the peraxiﬁa
17w



" formed. ig. th@ cyélic farm given ahﬁve, But this view. .. -
cannot . be maint&ineﬁ, beeausa the: diaappaar&nee of unw .
aaturatian warely kaeps pace’wit& the iﬁgorpazatien of.
ewggen, éitnnugn it.is J.asssexmd dua to- seawﬁary reaetion
and . ﬁa all unoan&u@ateﬁ alerinic aystems examined by -
Fammer, tne 0xygen appears to enter at th@ mathylenia
aarban in the cx«pmgﬁtimn tq the dau ie band and foxma
hyﬁragargxiﬁas.: ﬁbaarptian is yramatea by aunlight or.,
uiﬁra*viﬁiéﬁfligntw pﬁ.byvnumaraua ehemioal-eatalyst
The' hy&ray$rexiaeazars aamyara%i@@ly uaatabla am& saaily L
daaam@asa at alevmted ﬁem@eratureg by\prolangea illumina« -
‘tian and in the presenea ‘of eérﬁain anamieal aatalysta
T‘suah as iron’ saiﬁa. Savaral ha?a baen isolateﬂ, i‘eu‘
nydroperaxidaa ct cyclaheﬁena, 1«mathy1 ayaloh@xene. l a;‘
dimethyl ayclenexanes and msthyi elaaﬁe can ba abtained
by fractian&l~&1stillation aﬁ>raﬁuna& pressure, Exparin
nents have indicateﬁ tnat induati?e affacts have an 1m~ K
portanﬁ affaat in.faaiiitating reaetian and laoating ‘the
poiﬂt of reaetian i,a, <J«mathylenie aubatitution xesambles
side ehain substitution rether than nualaar suhstitution, .
one wuulﬁ erpeeﬁ the macnaniﬁm ta ba a Sﬁea r&dical type :
rather than an icnza raactieﬁg &lsn thara 18 no’ reasan
mhy an alee%raphilia raagent auuh aa exygan shauld attack
the omc wham tﬁera is d hignar Qlaetran &ensity at the ;‘f
ﬂoubla bona* ‘The O~H bond hag a law resgnanae energy and B
aecerding ta %atara (?6), this inareases symetrioal or frea~
radiﬁal aayarationm whiah shoalﬂ hé gxeateet ina media of
~l$~ '



low aielentrio aanstan, ”Gertain ayclia dianaa, not, .

‘opan cnain, uan ada oxygan tarminally, but prabably

aWing to the paramagnetie aharaatar ot nxygen anaxeasily -
aaaumed i'ree radieal phase. of tma d:wne, t‘.lw addition is

free radiaal and not. ionies &&J,L5,i;g%;4ﬁ;5bﬁiﬁ,

; 6' -
R czzc:a:za~31 —-4>R:640m6=$331 * ~0:a° ——e»R:O cu6~0=Rl

The adaitian &e@en&a on the abiliﬁyaaf.tha 3thylenia smm~‘ 

‘leaﬁa.with\wniﬁh .
nua 1t 15 nut

pound to famm the raﬁioal rorm_a

oxygen, ean roxm twa simultangauakb’

aasily aacwmplﬁ,shea.; Gle:ﬁ‘ins W}:iah »cantaiu no ox-»methy-» ‘. o
ene _group. aa aa* @1§n@nyi atnylena giva palymer&o paroxidas o
L?V). @ha pxinoigal aeaandary reaatian, which a¢caunta T
for tn@ dasompasitian @f nerexides ahortly after they ara f )
formeﬁ, 1s ‘the aonversian of tha ~QQH tm ~Qﬁ'with the .
oxidatmon of an. aﬁjaaant aaubie bond or aame ramote double
bond, av@n a &aubl@ bond in another maleaula, mften with

tna fonmatian af free. raéiaals as:

yigﬁ*ﬁ*' * R“““G' - ‘49 - c« “4;—e>;ma “« 0 ”* RO

Parhaps a hettar sohame 1ia similar ta that/of Hhck (v4) rar ;
cyclanaxane peruxi&e in the preseuce of aeids. . «
—C—C c ——»-ccc + on——»-c-c-o—- ‘—c C- o—

L ‘A

OOH o 6~;” “”f“ 0 ‘f_’ , /_0 OH'; :



Farmer ha:af. classii’mﬁ these olsii'inic paro*x‘i&és ‘on’ the‘-* al e

basis of ' ammethylanic mmtivitg' (78»]*

f‘l’ype I imluéea tne hy&mpamxme ayélonexene (79} (80)
; (*7:5), 1 awdimethyl ayalaiwxam (aa}_ s.m% tetmlin (vs).. -
’Typa I’.t 111@1&&9& the ny&raparoxi&ea csf‘mw ana y_-&tylena (61), |

'oymene ’ 82), term butyl hyﬁrepar‘ i&e (85} and ether aliw
pnatic hydmperwi&aa (9@) 3 pkewl, &im:athyl mathane, and o

dﬁl.phenyl matham (64}, and teluane (ben@opwpylene)(aﬁ). | -

'wyga III inalu&as tha unatable mane mn&k&ihy&royeraxidea _
of dihydramyraenm whian is tna examala given (86}. Type
XV is representeﬁ by rubber and palyiaayrene {67), typa v,
by elaie aaid (8&). In all thase hyﬁraperoxidas the or1g~
inal aoubla bonds remain intact exeapt when senondary*&e- f
oumyositian takea place invalving tha u&ilizatian of aetivé

*20*%‘ |



oxygen for attaekiat unsaturated*aeﬁtersg’ ihia ~decomposi-
~ tion proceeds. si&e by side with peraxidation and 1t is
oftan almmst 1mpossible to arrast, making nearly impossihle
the isolation of pure hyarayeroxidesi This applias to .
mono~01e£ins¢ In cnses of uyeliemaomsugated .dienes auch
as terpinane, 2 4~oholestadisne, ergasteral,‘ &ehydroe:goﬁ
sterol, gnthra¢enayyanﬁ rubrene*,tenm;nalfaddition of
mnlecuiar nxygen séams gassiﬁle;”éﬁ”méntiane& above (89); |
Grall, Haarna, et‘ als (90}, Sﬁewart, ets al,, {91) and
‘Deanealy t%z) have shown that <2~mathylanic substitution
| partly or wholly replaaas double bona ad&itiana

As mantioneé above, Farmer (68) statad that photo~
cnemiaal autonaxidaticn of methyl aleata takes plaoe at
550 to give a nyﬂraperoxiaa graup alpha to the double
bond, However, Morrell (93) wra%e that the peroxide may
be formed at tna ﬁaubla bond and rearrangea into a katal;
Atherton and Hilditeh QQ%) studied the auto-oxidation of
tnis compound and found that the iudina number decreased
(formula of Farmar would show no deﬁrease), but not 80
muon as it would if the buund oxygen‘ware held oampletely
at the double bond. They then axiﬁised ahe peroxide forme
ed at 2G°G¢ with pﬁwﬂera& KMnOy tn acetone according to :
. the directions of Armstrong and Hilditoh {95) and aeparat~
'ed the products by &istillation ta abtaia four acids, two
mono baaic and two aibasie. subaric ana nonoie acid were

obtained for tha hydroperoxide graup aﬁ 03 and azelaia

:*21“ .



and ootoia aciﬁs were obtained fer tne hydroperoxide group
at- 011, but the reaults ara incanclusive aa to: the relative
.amounta of eaeh,. If the same praeeﬁure was oarrieﬂ out
at laoOc,, the product vas mmatly azelaio RULE whih some
: suberie acid~ Thia in&icates aamglete absence of hydro- 51 
yeraxide graups at Cg or 611, oxiaaticn takes place &xn‘;f 
»clusiVely at the doubla bonﬁ fallaw&a by seconﬁary oxidanpj‘
tion at other polnts sinee the yielda wera 1ow;  The .
oxidation at 1a0° 1s very rapid camparea t@ that at 30°

‘ The results at 8@0 give another pracf uf ‘the strgoture‘

"'of olerinia peroxxdes as. g&ven by Farmera

cﬂg,...wﬁg;9~omﬁﬁ~(cﬁgiv~sean R ‘,m.eza Aeid

© HOOG-(GHg)7=000E  Azelaic Aold
"Eb03~(033)5~00&E o bl  ﬁiM{1Suheria Aoid

. Clig=(OHp) g-G00H - Caprylic Mid((}ctoic)
;aﬁsn(CHaivnceﬁﬂ .,~,¢ tL‘:,~ h.nLPalar@onic Aold(Nonoic)

Peraxides are. of interest in the petralaum industry.
‘Undaubtedly most of the work along tnesa lines has not been '
published ana the uaual practiae 1@ the a&ding af anti- |
oxidants ﬁO«gasalinea an@ oils wnich react witn ‘and- remdve
nha gar0xi&as. However, a raw p“blications may be mentioned
here.. Peroxiaes are formed as intermeﬁiate produots of ‘the

axiaation of petreleum yredueta {lﬂal. The formation of
‘5? peraxides ia considerably accelerate& by light, aapaeially
: ultra-viblet, storaga undar nitragen ia not aompletely ef-
.‘feqtiva sinﬁa it does not. ‘remove aissulvea air, wniqh is |
suffiaiant for ﬁeroxiae ronmation {109)~ The ausoeptibility‘
: «azn ’



to per0xide‘fdrmatianpvariééfﬁithfihe~drigin-offthe-v»~'
gaaolige«, Generally, & aeareage in actana numbar by DPeroxe
ides is found anly when the proauet is stored in: small oon=-
tainers due to the unfavorabla ratie of aurface to quanu o
tity, ‘and tha ﬂatane number of Byntneti¢ ruels.can be. 1arge~‘
ly restared by ramav&l of pezaxiées$ By segarating lubri-
cating ail ina Fens?e oelumﬁ, Denis@n (110) shcwaa that
alkyl napntholsnas ‘are- resi@tant te oxygen absorption, but
;naphenes ﬂre auscagtibla‘ Peroxides are a fundamantal part i
of the chaln reaction of oxidation of lubricating oils;
fthe eonceuﬁratian seems ‘to- detezmina tha rate of oxidation.
sulxur cnmpcuﬁés ach aa inhibitors to axidation and seem

to be t&e agents rasgonsible fnr ‘the. stability of straight
mineral lubxicating~gil, alth@ugh'tag mnch;sulfur gausea

the formation of deleterious graémétaiby5bxida£;on;?05gaﬁié”i
paroxidéa?&étermiﬁeftha'fate'éf aorrbéion“éf“beé%ing“métals"
by eonvawting the metal’ to oxiéas wh&eh dissolve Ly reaction
with acide- &evalayﬁa auring nxidatiuns‘

algtgealAﬁetneas far egoxiﬁea

M&ny mathads of analysis for parmxiﬁaa are %o be: found
in the 1Lteratura, hoth qualitative ahd quanti% aﬁive.ﬁ Hook
and Sohrader (112) giva a metnad for &etermining peroxides

in motor fuel which consists of aﬁaing excess stannous ohlo-

ride to the fuel in a carbon aiexiﬁe atmosphere. ‘The excess

stannous chloride is tltrated with ferric chloride with
indigo carmine as an indicator in carbos dloxide atmosphere.
2282 ‘ |



, Altnouguitﬁa results are ifJiaw'; ‘the’ au@mg -' ﬁeliefvé- ‘the method
is: batter than the ‘Aron: uarbonyl ar titanium trichloride © -
methods. which they alsa investigatedg ,
Parhaps ‘the most widely used matﬁad of detection of
peroxides involvea the use of putassium iodi&a. The - reactinn'f
proceeds with the liberation: mf iodina, Tha;iodina;mayubef
' timrapaﬁgwith,a‘stanaar&:aaluhiagfgf;aoﬁiumgiﬁipsulpnata," -
(llﬁ}i»'MarKS*a&&"Morrel~(llé)-titbﬁée&”éﬁcéés‘iodine in
acetic &ai& solutian Lo tne ﬁetexminatien of, peroxides g
‘ in:;inseed pi1., Pasehke anﬂ Wneelsr (115) found that at
Least an hour is necessary for complete reactlon of potas- .
sium‘ioaide an&fparaxiﬁeswéfHunaéfﬂrate&*fatdesters; 88w
pecially for high paraxiaas vaxuesg Nokumura {116) showed
that d@tenminatisn of paroxides af 50yhaan~nt1 by the.
potassium lodide matha& givas ﬁifterent vaiuas ‘depepding
on the kind of solventis. usad anﬁ tbe presenae of aeid con~;v~
stitusnts. Yamaaa {3117} found. that the-methcd of determ1n~
ing peraxides by beratian of ioaina fram potassium iodide
gives falae valuea when the yaroxide is an unﬁaturated
qqmpound* Same of tha iadine is aﬂﬁsd at tha ‘double bond
and«the;amaunt abgo:beé.;g~§spgpdea;‘pa,tge‘canaentration
of wame;. slnce the addition Qfﬁeié:aﬂ‘.;taj %0 a doubls bond |
is an eguilibrium geagﬁ@Qnig;?he'adﬁi%ianaoiyioﬁine“to the
daubleﬂbond\of}gn“nnaﬁﬁqrétaﬁiParqxiﬁ§ £§lloWing»tha,;ibn'
eration of iodine from'pataQSiﬂm in&i&é was’alsa noticed
in the present wnrk@f Panyatin and ainain (118) dasoribed
a method of measuring peroxides with p tassium‘iodide,in
»zgm



theﬁpresance:afLoléﬁinaﬁbyit@&éﬁiﬁg?tﬁ?ﬁ%&ﬁy%eiwithq939¢$$:
patasSiumfiadidé~iﬁtélaahoiﬁiﬁ}tna;yﬁagéﬁaafaf;sulfuric..
acld, ﬁftar reaction with the peroxiﬁe, ‘the. exeess. potas- .
giug fodide is extracted with.watery axidisedAwith ferric
alum;ana»thaaliberataa‘ioﬁina_titrgﬁaﬁgwith;stgnﬁaxq;phip~«l,
sulphate selution* Théy*aay thngmathnﬁ'1s~applieabl@,to_
the determinatian of peroxides in gaaaline¢

Kemyf {119) has reportaa a. Qualitative test for per=-.
‘oxidesi A prasipitate af as littla aa a»uom ‘mg lead: sul-
fiae on galatine paper or unglasad white pcrcelain ia
bleaaha& by 0‘000$ m@ hydragen paroxide ‘or other*peroxides
'by oxiﬁatimn to 19&& sulphaﬁe¢ ?ratesi an& Galeghini {120)
'rayartad that a Smbis*l3,%~ﬁimathyl~m~pyrrol)~ﬁ 5~dibromo
hydruqninaaa (celorleas) is uxidiza& to au intanse ‘blue-
”quinone in organia aolvenﬁa by peraxides and they have used f
;this test ta &ate&t peraxi&es. | ' e
| Arakawa {121) reyarteﬁ the &eﬁerminatlan of paraxides
fby means of milk peroxiﬁasﬁ. ?aggi {1@3) deaampoaed car*i>"/
baxy 9eroxides with aulfurio aaiﬁ an& determ;neﬁ both oxygen
‘and’ carban diaxlde in the | exalvaﬁ gaa to get two determina- -
"tians simultanoualy from the same &ample. Gutmann (123)
'reportad saﬁium araanite reae%s with.quadravalent bound
Eaxygen (peraxidea), sulfur (persulfiaes and palyaulfides)
and’ quinquivalent nitrogen in azo compounds. Rupp anﬁ
 Sieb1er (134) treated percxi&ea with arsanic %rioxide and
'titrated tha excess witn potaaaium brumate snlution to

measure the paroxides. They say thGSe solutions are more ”



stable than the thiosulphate and lodine solutlons generally
-nsed, Kienstedt: (125). desoribed: the»;rifead tions: of peroxides
 With;mersuxy;ﬂqdpper;&aﬁnixan earbmﬁyx:ana~théfuse‘ef-thé~
latter in measuring peroxides.. Calo and. ‘Muntond {126) re- ”
~commend. titanoua:sulyhat&ffcrguna}éetarmination.of peroxides,
D'Este (127) deaeribeﬁ . ‘gasometric method for the determ-
;inatian of peroxidaa depending. cn the. oxidation:of hydrazina
to g;@roaegg,_¥pnng,;YQgtgand,N;aawignan128)(lua)‘&esprihed
o mothod for the deternination of peroxides based on tho
.pgi@g@@aner?arrqgggsﬁ;pnatay1n}the¢p?esen¢eenf%ammonium
thiooyanate in absolute methyl sleohol. Rostovtseva (129)
detestod peroxides by adding isotineulfontio acid and bask
ﬁitrating:the'ex¢e§s~withfpatassium permanganate.. Niller
anﬁ Eranneis (130) ‘believe. potassium parmanganata solution
13 suitable to titrate hyﬁragen peraxi&e, but  ferrous. sul~i‘
pnate, shannaus chloride, . ehramic aeiﬁ, and perchloric acid
are not saitahleg,;x;xﬁ.n TR |

Poloromravhy

| fthé'@alaragraphie'mebha&'rbrx&nalysis was invented
several years ago by Jareslav Keyrovsky apd shortly after-
ward, E@yrovshy and Shikatc inventea the polarograph: (131),
an aatomatia instrumemt whieh racords dropping slectrode
nurrent~vnltage curves, oalled polaregrams. . The develop=
ment of thia &athoa is largely due ta ﬁnyrovsky up to. the
present time anﬁ ne publisheﬁ many articles, mastly in.

czeehoslovakman journals. Because af’fha difficulty of
ugen,



itranslating these works in: foreign jnurnala, polarograpny
‘has, developed slowly in. this country. %pwever, a .book on
7Pclaragraphy was written an& published in 1941 by Kolthoff
and Lingane (159) in this: cauntry» The following .short
,diseussion of the appxioaﬁinn af this instrument is taken .
1argely fram tnia book. e R i ,

| _‘ Tha palaragraphia msthoa is based on, the interpretat—
,inn of currentwvaltage aurves cbtaina& by ele&trolyaing
salutiona uf reducible aubstances with one electrode ¢on=
aisting of meraury ralling dropwisa frnm a very. fine bore
‘oapillary tubaa Eleetrolysia 15 tha flaw of eleatric ours=,
‘,krent betwean the aolutian anﬁ the alectro&ea anﬂ tna magn1~
tuﬁa af th@ ourranﬁ ia a, meaaure af the rate of electrode
reactiansy Reﬁuetian oaeurs at tne eaﬁhsde, oxidation at
the aﬁoaeg A polarogram 18 the eurva obtained when the Q,;f;
applied E&F is plotteﬂ against current baﬂween tae desired
,patantialsa ﬁo re&uctian takes placa until tne decompoaiu -
| tion yotent*al 15 reacheﬁwf Tnen, aa the ﬁaeomposition "
patential is exaae&ed* contiﬁued eleatrolysia oceurs with
reaulting re&uetian at tna cathode‘whion is usuelly the
dropping,maraury alectreéa. Eub, as the EEF 13 incraasad,
the curwent apprcaones a limitiag,value anﬁ genarally be~
aomes nearly 0mnstanﬁ. Un&er optimum oonditions anﬂ witn |
all otnar faotors conaﬁant, nhe limiting current is direot«
ly yroportional to tne aoneentration of tha reducible aub~
stance an& is the baais fur quantitative palarographic
analysis. During alectrolysis, discharge at the eaﬁhede

R



deplotes the ‘ho'nc@m:catidn .of miﬁsmheiasfdlvose‘ to ithe nor- .

oury’ drop and this lasq e enmpensate& for by ataiffusion

1cf tna reﬁucibla substance tnwarai‘hefmercury*drop from the

bulk'of tha solution‘ The rata nf diffusion ﬁepends on: the_

'differanma in eonaentration in ﬁheﬂbnlk ur ‘the:solution’ .
and %he anlution 1n ‘the immadiata #icinity of the. meroury
drop, as wellJas~tna~natura«of tnerreﬁueible substanca.,wj
a8 the EhF ia further 1noreaseﬁ, the coneentraticn .of. re—;~
’fducib1@ subatanae naar tha.maroury ﬂrﬁp bacames very small

' baaausa it ia alactralyse& aa anan as it arrives and the}

differanaa in aaneentratinn beeamea eqaa fto ‘the canoentra~‘
‘tion: in tﬁe bulk af the solutianﬁ whxahjiSVOGnstant. Tnus;
“the amaunt of substanae disaharging anﬂ nenoe the ourrent
bacumaa ccnataﬂt rramvthis yeint, and praeticmlly indapendui
,ent of" inereaaing JMF‘ With an @xoe*s of an inﬁitferent i
elaatralyte presant in the aalutian, th@ 1im1t¢ng current

is determined by tha rata ef aiffusion an& ia aallea the

difrusian currentu In order te at&ain a 1imit1ng currant, S

‘it 13 neaesaary that one: eleetraaa ba VGry amall and the
,eoﬁaentration not toa large' ﬁ cmndition of concentration.‘
pqlaxizaﬁiag~ia attginedwu»wne @&atinum,miczu i electroda

haﬂ mfténfﬁeeﬁ ﬁﬁéa& Sinsa the mereury drap is eonstantly
changing aize, thex:is aatually a current rluctuation be-

rtween a maximum and 3 mimimnm¢; But 1f a galvanqmeter of

relatively 19&@ parie& {ea 15 sec;fjia use&, tne observe& |

oscillatians ara nu% larhe anﬁ an aVarage current may- ba
measurea Wiﬁhin l~2% {tnat ia for ﬁha 1nsﬁrumant uged in

: sezesa



this wark, 1n other inatruments, preeisimn is greater than
1%). The average ourrent is 1ndepen&ent of time of elect~
rolysia due tu the fact that a fresh aurfaae 13 conatantly
~ being faxmea and each drop is ﬂuplicated by its successor,
The halfuwave pabential~is eharaoheristiu of the electro~
reducible aubstanme 9resenbx 1&@», the patantial of the
ﬁrapping maraury electraﬁe against an exhernal reference
‘electrode (in thia~wcrk;;a«satarateé;calgmel eleotrode was
used) at ﬁﬁatﬁyaint ia'the*cdfhént*letége ourvé at which
the earrent is one half the limiting values Whereaa the
ﬁecompoaitian'yakagtial variea with gon¢eptrgtion. the half
wave potéﬂt&alg”ﬁ%;7£s‘Lnaapanﬁent’6? ¢ﬁ£aéntratian‘pro«
viding tha aompositian of the salutian with reapact to
foreign salts remalns the same and is indapendent of the
particular aapillary used and of 1ts drap time within .
limita, Thus, both a quantitative an& qualihativa analyais
may be abﬁaimed from “the: wavas of a single polarogramak A
typical palaregram abtaine& in hhis wnrk will be fauna .on
page 131, - ,

in the fiel& ar 1nnrganic chamiatry; the palarographio,'
method has been applied to the &atermlnatian of praotleally’:
all the common metals ana other reﬁuoible ionss The method
is particularly auiteﬁ to the éeterminaticn of traces of
materials anﬁ geveral appllcationa af this kind have been’
nade, Qxygen in solution (d15361VEﬁ, not reacted) glves a
well &efiaed wave and this fact haa heen used in this work :

extenaively.; A large variaty of arganic substanees are

nzgn



‘reduciblegébfthaﬂdropping‘mereufy“QIEétradetanﬂ*give well
aefinaa waves. ~These 1nelude alﬂeny&es, ketonea, unsaturat-
ad aaiﬁs, nitro end. nitraaa campounda, ‘azo and diazo com~
pounds, quinonea aad cerbain-peroxiﬁas.» Compcunds whioh .
gontain a aanéagataa double ban& are redua&ble at the drap-
ping eleabrcﬁe, wnereaﬂ compcunas with a single ethylene |
linkage agparently are not raaneible, Qrgania polarography“
15 more camplieated than inarganic baoause of the variety
of unknawn side reaaﬁiana and nas nak baen a3 extensively :
applied 0 argaaic work, bug future use is pramlsing,
Although %ha pnlaragraph ia aftan spoken of as an _ 
aaalytieal inatrumgnk* it-may~be.asad_£§r qthar_purpoaes
algo. Far'exampla,‘wnitnaﬁk {lhzifféilbwe&fthe courage of
galymerlzgtion in a maleic anhy&riﬁa and styrene or maleio
anhydriﬁe anﬁ vingl acetate. Ealeia anhydride and maleio -
acld can%aﬁn canﬁugabed systens and they both glive well de-
fined wavea on the golaragrayn. &iaaa nelither of ‘the - other‘
aubatanees prase&t give polarograghia waves, 8 polarogranm |
of the aystam shows the gmannt or.maleia;anhyﬁride or acid
not polymerized. Bovey anﬁ‘ﬁaltha§f (§2) used the polaro=
graph %o ;shaw the amount of poly atyrena'ﬁaroxide preaent 
in the pai&&ar&zation\mix,af aﬁyreaeg‘“They'alau‘usea tha %'
polarograph to idéntify the &eeaﬁpqéit@aﬁ_proﬁueta of the
peroxide»as:benaaidehsée aﬁﬂ farmal&ehyde.' By meané of the
Ilkovie equation, the number of eleetrans invulved in the
palaragraphio reduction may be ﬁetermined if the raduotion

is reversible aaﬁ samatimaa ih can be aetermined if the

530& =



‘reduetion 15 irreversible.A This uftea gives valuable

informatian aa to “the raa¢tian nf the eleatroraducible BRI

ncmpaundﬂin othar raaatienat

P}

Wx %?ﬁﬁmﬂﬂ

B ‘:;{

; Liutle werk haﬂ bean reparhad on tﬂe applicatioa of
_ the 9alaragraph ta crgaaio geruxldes aud na reference %o 7f "
‘the palamngraphy of alefinie ﬁeraxiaes haa been found. It
will be saen 1atar in thisg: tnesis that this'work deals with
,olerinia peruxiﬁea and thia ia the first work: on the.sub~
| 3eut» lg7&v>?*““i‘ FRECA ; ,”
Kalthaff and Lingana write ef anly e 1ittle work on
peroxi&ea with the. pvlarngraph (132)¢ Hawevar, “they do
state thaﬁ argaaie hy&raperaxi&ea give wavas tnat are’ Very
flaﬁ ana ﬁrawn ant; For example, mabhyl anﬁ ethyl hydro~z e
pernxldas 1n diluha aci& maﬁium atart at ~0&25 volt and .
: hardly ﬁhuw a regian af amnatanﬁ d&frua&an ourrent, sinoe
hydragen aischargeatarha just wnea the diffusiun eurrent

is reached (ca ~1,? valt va. SGE)';}Apparently, the pH

1 haa l&ttla efreat on bhsﬁreéa@%iam patantiala" mmiuh should
not. be oonfusea with,the halr wave patenhial. The "raéuct~‘}
ian pbtantial" ia the ynteatial ab the beginning cf the wave,
'mﬁaaured by empirinal mathoﬁa; Theae paroxides deeompoae i
‘in elkaline mediay. in O*l N litnium ehlariﬁe, the ﬁirfusion
eurreut is praportianal ea the aoaoentratian of the peroxide.
Polarograms far hydragan peraxiﬁe, methyl hyaroperoxide,A
ethyl hyaroperaxide and dietﬁyl perexiae hava been reported o



by nobrznskay‘a ‘and ‘Neiman . (13‘14):‘(135} ‘and by Shtern and
Pollyak (133). ‘These: authors repart ‘their method for de-
termining these peraxidea in ‘the prasen&e ‘of ‘formaldehyde
-and acetaldehyde. whase authors ‘do nat agree however 0n
tna reﬂuatian patenﬁials‘ ‘Bovey ana/Kalbhaff (52) 'report-
~ed that palarogr&ms of’ the polystyreaa peraxide ‘they 1so0~
lated from the emulaiaa palymerizatianxaf styrene in the
presence: of axygsn are Very aimilar te hhoae of Shtern and
Pollyak. (133} for: diethyl paraxiﬁe. These palarugrams were
run in a;ablutiontef.ammouxum_acet&teuiasa«benzena—alcohol-
~ water mixture. “The polarogram of diethyl peroxide is long
and drawn aut,;uu.x&xq“&%”%?ﬂin,a¢>nr%vyu~r:mazg JREE
Vitek (136} ‘ran polarograms an aalutiona ‘containing
&issnlvad;air;ana,xepcrteautnab axygen givesatwo redustion
waves. - Tnis metha& permits the determlnation of oxygen, -
hydrogan peraxi&a, ang: paxﬂxiﬁea 1n salnticn ‘and in a ‘gas
after bubllng it bhxougn‘g,suitableﬂliquid‘,ePetering and
ﬁanie18={137)rréyartaﬁ the:ﬁae ﬂf the polarograph for ﬁhe
aatenminatibg;afuaissalved=oxygen 1a;p£a;og£0a1;substances;k
This warkbﬁoaaisted.innthe,measuremént'ar'tne;bnxrent at
twaadiffexgntavoltagea and'ralating,thé‘diffexenae~in cur-.
rent to %§§fox3geh,canﬁant¢g Ingol§ (138),répartedwthe use
~or the‘drdbﬁiag mercury electrode at\cahatant voltage for.
the detenminatimn of oxygen in sawagetv Beeohar. Fbllowabee;
Murphy and craig {139) diagramed a eell in whioh biological
aubstances such as lymph.eaula be plased eut of contact

with alr and ynlaragrams:made:au;asglittle.as one milliliter



of substanca.v The lauest anﬁ mast aamylate work of the

polaragraphy of oxygen is: that af Koltharf and: Miller (laO).
Of: the. twa waves ohtainad, aeitnar ia revessible, but the
first wave witn E% be*owfnﬂ.l valt ean be. used ror oxygen
aeterminatzans'whils ‘the | aeaaﬁﬂ wave‘with B} at -about ~0.9 j?
volt has a 1nw slapa anﬁ 4s. dirfienxt to war& witn. < They

glve tne reductians ass

R N

2 Sanna wave ‘ y{iL #‘ﬁééé“{ﬂéﬁffééfbﬁ_;-;ffhéOE‘f:‘

Y pclarographia atudy of pentenaic acids has beau made
by zambotti (lal).J He reported t&aﬁ ‘there appears to be  '
no palaragraph&a”ﬁifferanca ia thewpropertlas ol the. double
bond in the o=y B, or: T«-posit&.mxs in the gentennic aclds..

The. ﬁiffaramoa Ain the bialugieal activity must be referredl

ta the influanaa of enzymea and nat tu ‘gubstrates.

e33-



IXTen ExPERIﬁBNWAL

‘Mgterigég an& Prggargtians #ﬁﬂ _r 1

e Levulinie auiaa
Soma bf ‘the 1evu1inie acid, teehaiaal gra&e, was purn"
chased" fxvm the ?f&natia&l Ghemiaal Gampany. Waukegan, " 111. 
Some’ of ‘the” 1evulinia aci& waa prepareé aucordiag to

Qrganle Synﬁhaaxa, Goly” ?nl; I page 335. Abouh 500 grams
of eana sugar, 250 ol ef eaneaatwated hydraahlorio acid -
and ‘one litar of water were: mixaé.in 8 twa 1lter flask and
haated‘anwa-ateampbathyfor~twenay taur‘hpuraa--fhe mixture
wag :ﬁ"iu:efa&“ and: the carbonacecus ‘*aia_t;érisl:fmsﬁe‘d"f with 300 “
wls of water. T&é”fﬁfﬁh&tﬁﬂ*waré*éambined“aﬁ&*evapbrdﬁeaﬁ‘
to: aryneaa on a gtesn bath in e ahream of airi - The black °
residue was, pnw&ereﬁ and: extr&cteﬁ wibh 500" mls/of ether:
for 6~8 haurs. The ether was then remava& by aistillation~_“
and the lﬁvulinic ‘aold alstilled unﬁer reduced pressures’
. About 80 grama of product bolling a‘l: 135~1w/1o mm'was ob~
taineds ‘

~Farpqlaragramalaf~léVuiinie abiﬁ,*ﬁhe‘acid-uaed was
;distillea'aiiraanée&ﬂgressure. ‘The meld, (b.p. 100~102°/3
nm) was arystalliaed by eaaling in a stream af cold tap .
water, Iﬁ melted at 3&*310 RS D :

2‘,‘ awAngeliaalacfsanez _ . o
| This laatoae was firstAyrepare& by Wblff (&), bgt the
praaaﬁure af Tniele. Tiaahbein and Lassaw (3) wag used be-

aauae iﬁ givaa beuter yialﬁﬁ.
*3}4,::- .



i Ad

Lavulfﬂia aci&. (ll.é grams, ¢l mola) ‘and’ 20.h
grams ef aéebic anﬁydriﬁa {a,z mnle) were mixea with one
*milliliter af &aetyl ehlaride in a 160 ml, flask jolned -
o a by inah claiaia amm by means‘lf?a graund glass Joint.

The preasure 1& the syatem Wik - anerea to 20&»230 mm and

~ the flas¥ wama ‘slowly abaut 13@0 by means of e hest~ .
ing bathu m@ma aeldy n.p. 80! /ZGG g, distilled off "
flﬂﬁﬁ/ZGQ mig ’The vapor 

firat, thenﬁaaetia anhyﬁziﬁe. b.p;
.tamparature ‘roge; slawly ta abaut 1950 an& than dropped

off. The' ﬁiaﬁillate reaeiver was mhange& and ﬁha heating
‘bath temperature wag’ ﬂlawly inareaaeﬁ‘ 'Maberial ‘was' cols
leated: up ta abaut 16g@ s; “This ¢ requira& abaut 6=8° hours.1
The aeety& 1avulini¢ aaid Tirgt: rarmea deccmpased during
thia,ﬁigt;};aﬁian and” ﬁhe<laetonewuame-avarnaluwly.,‘Thiele,'
- gbelakey aﬂggﬁ&ﬂ“fraatiﬁnakidﬁfuf“ﬁﬁia“Laatvxrabﬁibq;but
iaitnis~wﬁ¥kira“iraetibnsﬁian waaﬁfpuna&ahneceaaaryav"mne-
last mzm dis$illing from ‘the '- a&e‘t’i'é-‘f-‘ acid~levulinic

aoid mixﬁure was ‘poured inte three times its volume of -
ethez and carerully washed three timea with potassium car-
bonate - salutian ma&e by aie&alving 50 grama potassium oar-
bonate inf;ce\grama water. For the firat washing, a large
exceas:af £hé\pntassium carbbnate'aalaﬁian was used because
the ether7éalution~céntaiﬁed<Gonsiaefﬁbie'aaetic acid and
acetlic anhy&riﬁe~whiah had to be neutraliaed‘ There wés\4”'
aonsxderable fnaming‘ After waahing, the ether aclutian !
was carefully aeparatea fram the water salution and dried

over drierite.' Then the ether was;ﬁistille& 0ff and he9=b.h

=35m



| grams;cso;ssﬁifaf*<x@ange1&&axaaﬁaﬁé§~ﬁ;§;fsaksgdfis'mm;
was abtaineﬁ. ‘lnaethar sulutian mci ‘eo be’ aistilled withe
in 8& haurs of the' ﬁim@ it vias put; nver driarite.- i
leﬂ; long,er over ﬁriern.ta, the yielci wa g lnw, pasaibly '

due to ?ﬁlm@riza:mom S e

pw{mgeucalaatone.» | ’, T i u \
Tha Bnangaliaalaeﬁam vms prapareﬁ r;rom Oi-angeli.~

aalaamna aecoz:ding tfz me metmoa oﬁ' Thiale, *Tisohbein
and Loasow (3}‘ T i R IPPU

owAnge}.iaalaatans (:59 grams) vag mi:x:eﬁ with l ml, o
trie%:nyl amina and mmaﬂ en, a8 steam bath rcr 3. nou:csa i
Mter oaolizxg, an equal vmlume ei' ether was adaed ancl tha
ixtu.ra mshad twma w:lth l molar sulfuric acid saturated
wﬁ.tn aaﬂi&m ssultate; . The ethar soluhicm vms then washed
‘ twice ws.m 8 ammantmtaé potaasium a&rban&te salution made
an aeacribeﬂ i'ar the mey&mtion af a«-angelicalaetone.
’mm ether salutien ms then earefully sapam ted, :i‘rom the
wgte‘p_‘ sp}‘.};‘bimanﬁ)firﬁ,-@d _l«pvar@ri,erite:mr ‘24'”&’3&1’9‘ _ The .
eﬁhe‘r ‘wag then removed and tﬁé':' p»aﬁgéiiéalaetohe &istilled :
at Teduced pressura¢' About 13,5~1v.s grans (55~4s%) of .
pmﬁuct builing at 68-90"/16 mm was ohtaine&, Some tar ma .
J.ei"b 1:1 the flaak. “I‘he amount af tar imrease& and the
yielﬁ &eomaaeg if the ether goluﬁim was left &rying over
dmerita more than 24 nou:es., 1& £ew ﬁmps af a-ang,elioal«»
actone ﬁistillad before tne #«»angeliealaetma started
distilling, | f ‘

- wB3h-



i one: *ﬁmef,*iiriémyzﬁmm@ wag) not "-avé:zi‘able' and an
atte¢pt to snbsbitute %rlwnaauhyl amlna ag tne isamsrizan ’
tion base: wag maae.) hhen the abnvs pxaéeaure was followed,
a large farerun, bape 56»750/16 m&, ua” abtazneﬁ. ' The
forarun and’ the maiu fraaticn a@paratea inta two layers.
The' uppey layer ne&rly cu&pletaly’rediatillaﬁ ‘at 94~95°/

16 mm'*tnf“lanr layer asain gave &,lar&a forerun from 85~

&&0/15 e ui!we the' hoiling paim‘: ‘of tri«-nmbutyl amine
at 10 mm’ ia 90° bhase &istillations inﬁieate that this ' ‘
amine waﬁ ineumpletaly remavaﬁ hy tha ﬁilute ‘aeid’ washing.
Since thera ia only ?m&“ﬁ differeusa in tne bgiling points
,of the amina ana tha laetauag saparatian by aistillation
was ﬁifficult when nnba yl amine waa ﬂSaﬂa Hnwever, the :
triethyl am»na aan be aaaily separaﬁeﬁ by ﬁiatillation bea 2
cause iﬁs bn&ling pciﬁt is mnly 890 at ahmoapharic pressurea~
‘&t another time, ankattempt was made ta purify the
-ﬁmangelicalaetcne by fractionatian tnraugn a four foot
awlumn paekea ‘with glaas heliaea aﬁﬁ havin@ an effiaienoy
of abau% 20 thaoretiaal plates, In thisg oasa, a large o
foxe&un of <J~angelica1aetune was nbtained au& most of tne
material distilled at 76-78°C at 10 om pressure. When the a
distillation wag changea ta total reflux, the vapar tempara»
ture drappe& ta the hoiling pbint af tha cz~angeliea1aotone
ana only'slawly r&ise& whﬁn aistillate was Galleote& at a o

‘reflax to take afr ratio cr 10 ta 1‘ ln the »revious pre-
garationa, the ﬁ«&antane ha& hean dlstilled »hrough a 4~6



lueh ﬁm@m ammms, am sl 4 a.m 'mﬁ‘m yolots sgres with
that of &M@Z&,W gt ale

ale Ahls immmm gonalderable CURVOT-
ofon of the %lm%m w the awim tosy by prolonslng heats

&m:; push &3 that «:xmwimg du the fma tlonating ooluage |
WolLL (k) ptated. thet thie .p&&mmm, ag preparved abwa,

contalsed soue of the CelaGtonds aniera (143} weasured tho

refrective lagices sm& olhop W@?fa&wl mropertlies of these

M&mmﬁ mﬁ mm& that the %mm:ws slways showed low

| wﬂmwzm bnd Mﬁymﬁ&% m&gwmw whan QWWM& wcw&m g

_&% o mifﬁ.m dor the };«%ﬁ@%wmm of ﬁ*ﬁ%ﬁii%l&@tﬁw L

Trev Lrus %;i'xea Oiw;wwﬁm the m&m& of w&i‘ﬁ‘ wog ‘adoptade

Shis mwwa wil does the W@agtww w the o‘mxﬂawna Lo’
be eoupletely ifsgmmwiw& by warn %&w m 3 mma* vm&la the §-
m@mm m oLy ame,zmy ﬁy&w&yw@, R

| pesmgolicalactone (9 grens, bepe 60-01/12 o) s w’
wmﬁ sbove w% hented on & atean mw mm 36 gramo of vmt:m'
for four hours {the lactone ﬁmﬂﬁmﬁwa ’::é"éw mmlumw won :
Lhen &w&m éﬁkm zzmwmm@ o :&imm mm & omnil amun% mi‘
mﬂ&u& mw‘w‘m%m@ The Mm%m wm& mm @m:xzmwﬁ mw o
tiucs with an equil volume of mmw,, the tamw wmmcsta COti-
bined mi& Mﬁﬁ& ww m&y&wuﬁ mﬁ&m& @%mm m« toenty
Loup mw&g ihe gther wap thon W%WM and ,tm lactone dloe
tilied undex 'm&maﬁ;smmww to @?A‘m ‘%ﬁw%ﬁ grams (5060}
of product, Deps m«amalm ane The @W grtyactions of
the water solution sme ﬂm&w and \‘:Ez:, half as much other as
abuve w mﬁx wﬁw polution L] rma %Wﬁamﬁ a& b potsamim
@mhwmw, but whan 4hiae in @mm, M;m g—ma wan lower and

ot



woretayr waa le&‘t in the &istilling, :L‘lasm Iiei‘lumng the
water: solution ﬂf the ,‘Lacwne by meems of a Cé-lascol Heater -
instead of: rmly Lam‘:ina tm B atﬁm bath gava ‘the same results
viith a; pasaible ‘small ﬁ.ecmasa in ‘the' y:l.e:m. No. Ot-angeli- B
aalaatone wag &atectad ﬁaring tne flistilla‘cim.
#-ngelisalaetomﬁ {150 g.), ptmified by heatin{; with

water: as given abwa, ms fwthe:g yurifia& by ﬁ;saalving in
60 ml. v*&tar and hgatéﬁ ‘o' g staam b&ﬁk lﬁer 'Lwehm hcui:a A
and men sepamtad by ‘the. sans prwaaure as abova. ‘Ifhe yiela
of ‘product bolling at: 81»6"°/1€3,5 e was 8 grems’ (58%).

4“ ‘ 2 fﬁh?s %%%Xuyﬁg %??ﬁ:&%%% ‘ay bxmmmn af #-angal:b-
ealactone with potamium :germanganaﬁa aﬁtw tha matnod of:
‘Z.hial«a, a'h. g}_‘; {ah ‘The G»ange.i.iealamane aoas nnt yield

a hydrozy aomyunn& by ‘the same pweeaura. ‘

#wmeliaamotam (9.8 g;rama, 0*1 mole} was dissmlvecl

fm water in a minmum amaunb cf w&tar. The solution was o
cooled to 606* 3.11 an iae batn. Tnen an aquimblar amount of
patasaimn permanganaw am‘l magnasium sulmmta in enough

watar t.cx maka tma a&&ea aalutwn % in potasaium pemanganate
was s:l.cwly aﬁdeda ‘.i.nm mlutiﬁn was maﬁa by ﬁissulving

10@5 e;x:ams yotassim permangana% emﬂ. & gg;rams magnesium
sulpaate in :3@6 mla watem : ?ha c:aidation is exothermic

and the permanganaw salui;ion sh@ﬂ& bs,‘ ad,d.e@. slcwly‘ enough -
that the temperature can be kept m Zero, whé:i'én‘é addle
tion was nampletad, the mixturce wara set asiﬁa for ﬁve minutes,
| Tnan the a;olution was. warmed to 50° for a temr minutas and the
mangenous diaxida filtered off, ,The i’iltra%e was aeidified

‘ ~39n



. with sulfuric acid to the end point of methyl orange
-g{solutionlturns from brown. ta*&éllowi*and*thé,éalution "
- evaporated to dryness at reduced pressur¢§ ;The brown re-
%xaiéue remainimg was sﬁak&ﬁ.ioase and. extraated several
<.timas;withfwmxmh@tagr,,thg‘mithra;b@ing~fi}ﬁarea?thrqugh ,
va;£riﬁ¢ed_diﬁkffi;terwarter’qgéhJéx@xa@tivpig,Thezether  .
. filtrates ,wﬁsré":wni%:gi‘:ié@ amﬁva@ﬁ}i‘ated An @!meam of aéﬁ‘? \
. The s0l1d 80 obtained was further dried on a olay plates
T yield of product melting at 95-0800. vas 1 gram (745%)s
ygEXaétlyr0;3*gram*ar'tnié*aru&grprcauctlwaév&iaaolvedlby‘
. warming in ‘mle of ethyl. acatata and then ¢hilled in en
 attempted reorystallization after the method of Thiele,
gt gle The material, however, did mot precipitate, even
- after the solution had been stored in the dry lce ahest |
‘o?@fﬁig&t; It was nscessary to eva@arate the solution 1n
& stream of alr. When about three»faurths had evapbrated, |
sla.mush was dbtaine& ana dria& on & clay plate, ihG;White ‘
eryatals meltaa at 99*&0&00a R OO R
v Purifiaatian by sublimation w&a unsuccesaful.‘ At 2
‘.mm¢ pr@ssura, a whita powder, wnmah mal*s at 175~l?9°
- and bolls at z.ac»mﬁ“‘, sublimes at 9@0 G& S

A Buffer aolutiena; e

A series of buffer solutians‘ware made according to
| H'Clark and’ Lubs ana givan by Kaltlwff anﬁ. é@itinan (144)9 o

- page 32~57. The'Waighta of acli&s,l1VQn are thosa dissolved
.in a liter of salutiun and tnafpﬁ J s g§asqne¢:by;a Beckman

pﬁ‘met&ralg
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- The tetvamethyi anmnniam bra&;day°'*3obtained rram

'“asﬁman Fauak uomgany;“‘it waa ﬁacasaaryita recrystulize
the ‘salt seg@ral timas tg xamnve 1myur1tiss ‘sufficiently
aa~ﬁ@at ahﬂ salt ceuld be’ used as: & yalaragraphlo electro~
flyte;'%uevera» raAeranaa$ Tor: recryatali%atmon of this ‘salt |
wera founﬁ {lé ), but no’ pracedures were’ givan« Tha ‘fole
lowiug yvaae&ura was: aaap»e&.«‘~‘ s e
impure ﬁ&lﬁ {20° gramsi Wag ﬁiasolve& by warming

in &0 grams cr distille& vater’ aad filtered’ through a heated
filterg Then AO- mlﬁ az athyl alaahel \ﬁs%) was aﬁded slowly
with vigeraug atiwring an& the mix anille& in an ice bath.
ﬁfter/aamplate arystaliaatioﬁ, tha salt was filtared and ‘
dried 1a a vacuum &esicatar*an a elay plate; The salt maj
ha reerystallzed again withﬁut drying aamglately.;

rystals abova wara filtere& an 8 vaeuum filt@r and diasolv~{
ed Xn twn thiraa their weignt of water¢ To preuipitate,
aleo&al eqnal to ﬁwica the waignt aﬁ arystals wasa&aed.

Ths yiala ia 40»5aw, hut tne xamainﬁar Df the aalt may be |
r@onvared by avaporating tha fi‘trate ta dryness. Tnis ' 
aﬁlt eannc% ba laﬁt en %ha elay ylate ta &ry for long periods
of ﬁiMQQ’ Kf 1aft/far mora tnan twenty faur hours, 1mpuri~
ties are fcxma& in the salt whieh interfare/with polaro~
’grapnyﬁ B R . _ S _ PN

6&’ Saturataa calamel alectrcae,ijs,;wj_, 

, Bavaral calomel eleatrodes were made, b&t tneAmusﬁ

=&43#1u



ugeful mo&al;'gxepared aeédrdiﬁgjtésthe directions of
Kolthoff and Laitinen. (144}; page'84~85; is shown in
Figura_I;”ﬁaga a5 " | r"  ,,_ n

- Triple distillea‘mercury‘wms;a&aea”iﬁ‘the bottom of
the cell until 1t‘a0veredf§he‘pl&ﬁihu&*éaale&itnrough glass
electrode. On top of the meroury was placed a layer of
pasté made byvgrin@iﬁg'merﬁury°and'maraurous»chloride to-
gather 1n“a'm0xtar.‘“Tnan a saturated solution of potassium
chloride was a&&ga'tilx‘the ena df”g@e‘uﬁnﬁeotina tube was
covereds The comnecting tube had been pré#&éusly r111e§
with}agaryand'aatﬁxatad”potassigﬁ;6h10ridé!Qalutian and
allowed to solldify in tne‘apﬂﬁeOting*tﬁﬁek'”The agar for
the cenne#ﬁing’tube;ar briﬂgetwasprepéreﬁ‘hyﬁwarming,sq
grams of potasslum thﬂriﬁﬁ;'ﬁ gramsfpf agar agd l0Q mle
of water until the solids were nompieﬁely &iSSOlveﬁg After
tha’brid@afwas‘fillea; the agar was atapperea and set aslde.
The next time agar Waﬂlneeda&; it was warmed until it melted

and used as before,
Apparatus i

In thisg wvrk;,a ﬁhyruvaky'woéﬂl XII polerograph built
by the By ﬂg;ﬁérgsnt and Company was used, This instrument
autamatically'racorﬁs the current valtagg surves on photo«
grephic paper, The ourves are obtained by developing the
paper by the usual photographic procedures., A typioal polaro=
gram obtained inithis work is shbwn in Flgure III.

A polarographic cell wés deéggﬁédvana‘built of pyrex

w3



glass so tnat i% could be eonnaete& witn a ‘gas: burrette
and: the. oxygen uptaka ‘eorrelated with tha polarographic
aiffusian currents A arawing of the aall is ghown in
Figure I, page: éﬁﬁi;y

- The eaaential featurea of this cell are an inlet at

the bottom for introdaaingamegauzy, a capillary outlet at
ﬁne;tmp,ar tnevcellffor'ihtmeduﬂiégféaxgtian,andexygen,~
and two eleotrode leads into the solution conteined by
the cell, One slectrode is & tube sealed with'a ring seal
through. the side of the ﬁellv;f ending wmﬁ"’a-ifmimed aisk
in the aalutian¢ ‘When the fritted aiak is backed up with
ager satuxataé witn ?otasaium anloriﬁa, ne . solution pasges
thraugh ﬁh@ disks A saturated a@;ui;oa_nf potassium ohlo-
ride was yqargﬂ:avaﬁ tﬁefégar:abavévthe f?itted disk and

the sgar bridge of the saturated calomel balf oell dipped
iqﬁox@ga saturated potassium chloride solution, TFor the .
@xqpping4marcury‘aleatrqﬁéﬁ’a;1a ums Is Dy tube was sealed
tnrangh'taé tag m£Pthe cell by means of a ring seal, The
lower end of tﬁia tube is a‘lz/lﬁ'atanaara taper ground
glaas faﬁale jbint with graund aﬁrfﬁba aﬁvthe 1nsida; that
is, the 5eint is ravaraad as samgare& to narmal ground
glass joinha, Tha aapillary ahiela &s essentially a 12/30»

male ground glasa joint out off near tna 3oint and with a .
8 mm. I, ﬁf tgba,saaled,on:the smallar;and;whiah leads down
into tha‘adiutian* At the lawer'en& 6? this capillary shield
is a fenmale ground glass Joint with tha graund surface on the
inside, approximately 5/30 atan&ard taper size, The dropping

il
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Figure 1. Oxygen Uptake — Diffusion Current Cell
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nercury electrode capillary is B mm;fIg;D;'mArinaxcapgllary
tabing; Qﬁﬁﬁ‘mmggig_ﬁ@;ian&nisfavailableLcommercially. It
has & tayer‘graﬁﬁ@fon the end approximetely 5/20 standard
taper so that 1t fits the joint at the lower end of the
capillarygahialﬂ an@,protnuﬂaa t@xnugh"thagéapillary'shield
‘and past the end from & to 10.mme  The ground glass joint
on the end of the caplllary and ‘the joint at the lower end
cf;thefaapilla;ybsaie;ﬁ‘wera médejhyitha~authcr,anﬁ the
mﬁth@d;@fﬁgwinaingvt&emrwillkbeid&sauSSaﬁ later in this
/thasiag,;Bbﬁh‘alaetraﬁes ays;madé té'j&SﬁTméksucdntact with
tne~liéaiﬁ sbluﬁianran& aotiexﬁan&,farﬁenaugh 50 that they
will be hiﬁ-by'a stirrer bars Thagstirrar;ﬁar:is a glass
enclosed magn&tie bar floating nnitﬁafgﬂffaoe of the mercury
which was made to stir the solution byfmeans of a magnetic
stirrer ﬁiﬁéé&,haluw the cell and & copper temperature bath.
The top part af%ﬁe'eall'bontaina,the two electrodes and |
the oxygen inlet and is made of a £emalelés/60 standard taper
Joint. Eﬁek;awer'part of the cell containg the meroury inlet
and is made of a male 45/50 joint with s flattened bottom
as shown by Figure I, page 45, Since the cell was completely
fillg& with mercury at times and becanme heavy; 1t was neoces-
| sary to eongtruet a sling of tnin'oapper gtripping to hold
- the eell together. R*naypér“atripvz‘mmg £hiak and 8 nm,
wide wde bent around the jdint of the upper part of the cell
80 that it caught on the lip of the lower end of the female
Joint, * Tads strip was bent with a loop on ome side of the
cell and the two enda on the other side of the cell at right
i et



angle to thewll. The strip va ’é*-fﬁi;zgfhﬁemaf‘éraﬁﬁa ‘the cell
with bolts and nuts through the right angle 1oop and ‘through
‘the ends protruding at right angle’ to the delll ‘e right

- angle loop and ‘the ends atrigntangle “to ‘*‘ﬁhé‘?&’eli‘ sérve

as auppart for the aapper 311ng paesiug undar tne bottom of
the oall; Thie ‘sling was aopper stripping, 0. 5 mia. tniok
and. & mmy wide, and flexibla; Tne~enﬁs wara soldered to
short right angle bends of ﬁherhéé#iéﬁ*gdﬁgér’%tripping
mantipned ﬁb§vefwnidh?havbéhiﬁléé*dfijﬁﬁdfthfbﬁgh{tﬁawoegtpr
Oﬁ«therﬁftﬁﬁf.thavbaﬂ&”ﬁérallelﬁtb*thé’bqtﬁaﬁfdfltﬁé‘cellg’
Suall bolts through these holes and through the supports
on the top part’ of “the 'eaml’ ‘were ‘éd‘x»é’*éréa” “wough' 'gman' nuts
to hold the sling fi@mly‘to the aupgarﬁs on the" upper yart
of the eell anﬁ ‘thus hold tha twa parhs of the oell toaether.

It is heliaveﬁ this wwrk is the" first time a dropping '

. mercury capillary with a grauu& joint has been used, The
advice. of‘MXx Fred Ruat@nbaah, glassblowar for the ‘University
of Kaneas, soncerning the grinding of theae joints is fully |
aypreeiated. On end of a- ﬁaft 1ron rod, 6 mm. diameter, wag
tayere& on & machine lathe to make & mandel, This taperad
end has the taper .o be graun& 1nto thé glass anﬁ if the iron
rod hag a staadar& taper, the 3aint will be ‘standard taper.
In this work, the mandel was a fraatian af a millimeter Aif-
ferent from standard taper and the joints did nat quite fit
a stendard- taper Jcint*; The end af an 8 fim, Iy D. pyr&x tube
was heated in an oxygen torah to thiaken khe walls ‘ané. shrink

the walls of the ﬁube at the sn&, it was heated in such a
RYL '



way that & taper’was formed ‘on the insids of the tube.
'@ﬁéma?é’f*mé ‘tube was. shrunk msmy: for about 2 oms
fof the end of hhe tuba uﬁtil the insi&e ﬁi&mater at the end

wna about 1*u mm. tapering up te the ariginal dlameter. of

mut‘awz oms from the enﬁ.3 The mendel was ate

~taahe& to & atmrrer notor’ with- thﬁ”“ ndéR"ﬁéﬁgiﬁg“doﬁﬁw&rda_*f”

'Then the glasa tube, pregared‘ab: a nd cboled, wag alipped5 . 

over"- ﬁhe man&al 80’ tnat the manﬁél,taper was ‘touching the
glass’ taper Qn tha inaiﬁe of the tube* A.mush of zOO mesh 5
earborundum and water vas fed 1&&0 tne glass tubs s0 that -
it warked betWean tns man&el anﬁ glass and ran out ‘the” bottom
into a reaaiver pladed there for that purnase.- The stirrer |
motor wag ﬂtartea;anﬂ_with thelgarboggnaum.muah being con-
stantly fel inte the grinding surface, the glass tubs wes
puahad gantly apWarﬁ against the manaal. thn‘éhe”grin&

was snape& toa smaath taper, the MOO mesn carborundum was .
’removeﬁ anﬁ 496 mesh eﬂrborundum use& to oomplmte tha joint.‘
The finer carhuxun&um formeﬁ a smnather aurfaoe on the |
'joint, ﬁha grinﬁing was santinnea until tha smaller end
faf;the joint at the and of the tuba waa,about 2%~3 ome in
ai&matar (inaiae). ?his fiaishaa joint cén now be cut the
‘prmyer langtn and,sealad onta a 13/30 3oint to make the
'capillary shielﬁ; The mandal ean be used to make ls«ao
joints bafora it must be reshapad, o

| Tha aammaraially avwilable marine capillary tuhing
‘uaed far tha drapping mereury aleatraﬁe was not af pyrex

glass, buﬁ it eould be ground té a ﬁesirea taper in the
: i



s6me way“as*byrax’glaﬁs§4 Tha en&s af a section of this
tubing, abaut 15«18 omq long. ware haatad 1n -a flame until
‘they were, aompletaly sealaﬁg This was neeassary ‘80 that
aarborundum wvulﬁ not work intm the oapillary while grind-
ing anﬂ.clog 1t¢ A grinaxng teal was mada from a strln or
tin 10 cm.lang, as wida as. the taper ur the»mandel 13 long
and. abﬁut 0.3 mm“ ta 0.4 mm. thiak‘f
that. itis thiek anough 1o hald 1ts shape aa 1ong aa possible

Tha tin was selaatea so

and still is tnin enough ta be sh&pe& eaailya, Itﬁwgglgpgpea
by wrapplng around the taperaé end of»tna mandelran¢ drawn
ti@ht by sguaezing the ands tsgetnep in a visa¢ Thé~jaws» 
ar tﬂe visa wers plauaa on tne tin cluae tu tna mandel.v;}‘
ﬁh@n praparly shapeﬁ tne inaiﬂa af tha tin taper will have
tbs game taper as tnat af the mandﬁl¢ &ne enﬁs of the. tin
were beﬂt autwar& slightly sc as to farm a trougn. Then |
the mariﬁe eanillary tubing, sealaﬁ eff anﬁ cooled, was.
annnaote& toa stirxer matar sa that the tuhing/gggizcnial.
,The tin grinaing taal waa held an tne enﬁ cf the capillary
‘tubing anﬁ a mush of 260 mesn earboxunaum ana water fea |

Ainto the trcugh af ‘the gxinding taelMﬁ

:?The stirrer motor |
was startaﬁ &na witn tna aarborundum.mnsh being constantly |
Afed te the grinﬁing aurf&ces; tna tin taol was pusned gantly.

1aver ths @nd af the eapillary tubing.;ﬁyhen the taper was -

smaathly anaped an& ﬁhe aapillary tﬁbing;was atarting to N
\protruae tnrcugh thﬁ tin ﬁool, tha 200 mesn carborundum
wag raplacea vith &00 mesn aarboruuaum tu give a smooth ,
‘aurfaca, Tna arinding was cantinueﬁ until tha eapillary



#prctrudea throngh the tin. tool at least l cm. or.farther;
itnus the oapillary will yrotruda thraugh ‘the. capillary
n_snield at 1east 1 om. vntil the aapillary is needed, it.
‘is best kept as it is, i.e*, tha en&s sealeﬁ, 80 - that no
iforeign matarial m&ll wvxk 1nto tha cayillary and clog it.
When the oapillary is o be- used, the enﬂs ware cut off .
so that tne tubing was af tne &esired lengnth. Tae cap~
_illary wag grauna ﬁawn until iﬁ protrude& thraugh ‘the -
 0api11ary shield &t least l om, sa tnat it was sufficiently
vlong to be sut mfr easlly and given a sguare ena¢ I the
ana at tne aapillary frum whieh the drapa fall is. not
squara, tna farmation uf tha drops will bm irregular»
It sheula bs cut 80 tnat 3—3 - yraﬁruﬁe through and be="
low tha capillary snield into tne qalutian. o
‘ - The burrette usad at. tha beginning of this work was
a 50 ml. pyrex 2as burretta gra&aatea every 0.1 ml. whioh
oan be fnuné in any glass eatalcgua, It was: encloae& in
a glass 3acket along with en auxiliary Dyrex tube of QPPrOX=
imately tne same aiametsr as tha burratﬁe, but extending
several eentimetars above tha burrette,‘ At the hottom,
tne auxiliary tube an& the burratta ware canneated to the
‘ Same meraury reaexvair thrcugh an F snapea adapter by means
| of shart~pieaes of typan tubing. The jaaket was fitted
\at tne bottam.with an 1nlet and at tne top. witn an outlet
sa that Water could be pasaeﬁ thraugh the 3acket around the_
burrette to maintain constant tamperature. A thermameter
was w&re& ta the auxiliary tube so that the temperaturs of
ﬁ50f~,



thé'ﬁatef andfhenae“offtﬁe gaa*burfaﬁté oaulﬂ~be read‘ .
The auxiliary tube. was inalu&ad tu f&cilitate reading of :
‘the burrette. By aﬁjusting tha laveling bulb reservoir ;
of maroury so tb&t the leval of mercury in tne burrette, o
auxiliary tube, and 1aveling bulb were the same, the volume
of ‘gas is raad fram the burrette was knawn to be. that o
vuiume at the atmaspharie pressure af that moment.; Tne ) |
,burretta &aaewibe& a%uva was difficult to ‘read. to the
'nearest G.Ql ml., and sin@e the axygen abserbed 1n snma ;‘

' runa was amall, a bﬂrratta was built that could be read
‘aaaiar and mare acnurately.f*&na &ower part was. tubing

{Bot pyrez) with a Qlameter ebout half that of the 50 m.
burrah%e ﬁeacrihaﬁ above ﬁnd graﬁnateﬁ for 10 ml., avery
lﬂﬁns ml. ﬁhava thia waa a bulh af about 80 ml. aapaaity. ;
This burretta was fitted with a‘water 5aoket, auxiliary ‘_'1
’tube an& therﬁamater in;the samé ‘éy aa tne 50 ml. burrette.f

;The burreﬁts WA jained to zvmm‘

fapi‘lary tubing at the
_top by maana af tygon tnbing.j Thir{oapillary ﬁublng 1ed |

toa3z mmﬁ 5ﬂway stap eack whieh ‘oulﬁ‘ba turned either

“to. aanneot tha barrette te tha 9olarographie cell or tc an
‘axygen reaervoir; This rasarvoir aonaisha& of a 1arga M{
 beaker cantaining watarm A gas hmttle upside dawn in the
;water trappea aeveralxhunare& millilitera of. oxygen over
*watar» 'ina capillary frum the apparatua>lea into this:_ﬂ
_oxygen sample so tnat cxy@eu coul& be ﬁrawn into the buﬁrette
as needa& by displacement by wauer, Frnm this stopcock,

: 2mm capillary tubing led ta anather ﬁ«way atopcock of tha
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éd@é‘aiﬁéiv whiﬂ stopaoak wns conﬁsetaa to the 8 mm. L
'cmpillary tuhin& on tmp of the' pa&aragrabhio cell’ by maans
-of tygmn tubinb. C Tae stapcaﬂk wa« arran&ed sa ﬁhdt the
palarograph*a 3911 wouid be' caunaateﬁ eitner with the
burrette ar with a funnal, &h& salutzoas to he Puu inLc
the @¢larographie eall ware pipsttaa into this funnel and
drawn inﬁa iha aall hy witnﬁrawal cf nereury rram the
\battmm of %ha cel&; ; arawingvuf tha antira apparatus is
sﬁawn in 3i@ure II, @aga 5%e.7 7 ‘ o

| ﬁ'mhe hurratta and connecting ﬁapill&ry tubinﬂ inaluazng
ths Pillimg funnel were panmanently set upe when necessaryw
~tﬁe meraury im the burrsbie was withﬁrawn and eleanedm The‘
conmactin& eapillary tubigw was g@narally washed ‘and driea
aﬁ the same times mawavar, after. eacn ran, the polarographio
cell wag diqcmanecte& at the tygon caaneetian just above
the 03115 ﬁimmantle@, oleaned an& dria&a ﬁhen setting up
the an@arauum praparatarg 0 making a run, “the upper part
of the cell wag eanaaetaﬁ with tyaéa and the tygan wirea
ta inwurm the ahaenae af leaks,g’wha alam@ waa placed araun&
thﬁ upper ﬁart of tne eell and tightened¢ %he droPping
mereury aleatraée was joined to a reaarvair o; mprcurv whioh
could be raised or luwara& 85 tnat mercurv passing throuén
‘the aapillary was unaer ‘the presaure of the desire& head
of meraury; ﬁhe grounﬁ glass taper of the capillary was
grease& with a glicone grease, Whis grease was usea be~ .
cause it is iaaaluble in nearly all or&ania eumpounas exce@t
Wsaturateﬁ eyo&ic nyﬁracarbons* chlohwiane was used for
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,cleaninw th@ ground joints an& appafatus after using. The
vaagillary ‘shield was slinpea over the cavillary ‘and twisted
a few timas ‘until ‘the graun& glasa anint Was firmly seated.
1care was takén te prevent .any af the silicona graase from
gebting,oggtneﬁend,a$,tue,eapillaxy,,since;thisfgaages.the
' drappingﬁmercury’élébtroﬁé't@*bﬁé&aéa“im@rmyérlye”‘Néxfﬂ
the 3aint nn tﬁe eapzllary ahield wws greaseﬁ wlth the sili-
- gone: @reasa, and tne shial& an& capillary lowered into the
'~grauna glass 3aint in the tnp cf the cell; It likewise wasg
 'tmisteﬁ a few turua until tha 3oint wag firmly seated, The
magnetio stirrar har was plaaed in tha lawer part of the,‘
celi ana the 1args coanactinﬂ grauna joint on 1t\thoroughly
lubricataa with the silican@ greasa.mentioned above. Thls
was raise& into ylaae in. the uppar gart -of the oell twiated
a few times ta seat the aoint; anﬁ the copper sling put. 1nto
position and the aonpsqtingabaltsftightenea;‘-Although tnere
vag SQme‘fear"br”ﬁighténiﬁ§ €his”sling'@hcugh tb“hrsak-tha
cell, no eells were brsken, anﬁ tﬁe aling was ti@htened
'mcr& thaﬂ anauah to hnlﬁ tna lpwer part of Lie cell in place
'when the weibht ef nearly 300 wls of mereury wasg bearing on
Tha mercury reserveir was conneate& to the inlat at -
the bottam Qf hhe pal&rcgraghic cell and the copper water
bath raisad arouﬁd the eell until tha cell was oomplately
¢0vcred witn the water flnwing ﬁhxouvn the batn. Tha arop~
ping mercury electrode ahauld ba covered with some 1iquid
“in. the cell ag saon as pnasible, sinee it has a tendenoy to
fvdry out ana e}cgg The palaragraphicseellawas not set up
| oote



ltunﬁil just before use far tnis raasonu ;
The Qapp@r watar bath was fittaé With inlet. anﬁ outlet
, tubes and watar was uiroulaﬁe& thxougn tne~batk and’ around :
tha call sa a8 to maintain the cell at aonstant temperature;
that~ia,'tha»temperature of-tﬁe cireulating.water. The mag-
netio stirrer waa alam&ea in placs just ‘below the water
bath and touahinn tha bath‘ It fust be as. close as possible -
’tm the atirrer bar Qﬁ iﬁ ‘may nat turn tha bar. ‘The bath -
 must be of a non-maghetio materialq Srneid

Eor making palarngrams without any gas. yeasurements;
amall 5ars of about 50 ml. eagawity ware aaed“; Theqe were
fiﬁted with the ccrreat ﬁize rubbar Etnppers in ‘which four
hnles wera barad. ﬂne hnle for the arapping meroury elect~
rn&a, ona for ths agar brid@e af the saturated oalomel
elaotreae and one hala for a nitragen tube.l This nitrogen
tube extends helﬁw the surface or “the- solution and it Was
used to ramove ‘oxygen frum.ﬁhe salutton by bubhling nitrogen
through the aalubipﬁﬁvzﬁﬁz¢h*¢,-fffV '
Pro owaure

.- For palarograms of the organie cnmpaunds without neasure
ing oxygen uptake, the compound waﬂ ﬂiatilleé from a semi-
miara claisin flask. ?or-tnelranﬂ in whichftba oxygen uptake
was measured, the substances wiere. distilled fram the same
flask in an atmaaphere of ﬁitra@%ﬂb The syatem vas flushed

three times with n¢tragan by avaaumting, letting nitrogen
into the syatam anﬁ avaauating a@ain. In additian, nitrogen
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was Dbiibbled through @ drevn' out: capillary in' the liquid
in the 3till put aurlﬁg the' ﬁistiliatian.ﬁ ‘Although the

dis&illa%ions*wa*e aonﬂue ad at a prasaure .of .about. 10

m&., tha flaw of nitxagen'was rsgulaxed sa a8 ‘to maintain

reduceﬁ prassur@ and: ha?a nitramen yasaing thraugh the‘

sg t&m@ Th@ distillaﬁa was 1aft% n;a3n’ rsgen atmusnnera

unti& xeaﬁy far ﬂﬂ@w Tnem t&e aamya&nd was tranafarrad

“as quickly au poas1§le to thﬁ r@""ian;Jall mo keap Qon~

Ctaet with atmaaphaxie oxygen at a minimum. mb make: sure’

thaz all axygﬁa aaﬂ ysroxi&es ware abaen%, “the laotonee,v"
were disti&le& ﬁwiaa as ﬁescribeﬁ“‘bmva, taeﬁmlddla tracte
" Son being nollected eagh timeg SR '

It wag naaagsary thaﬁ awygen be absen+ ﬂrom the sol~ '

vent &t tne ﬁtart af tna run alue, slnce'when saturated,

aﬁ salvant anntaihs mure tnan half ‘the oxygen for the up-
take &uriag the TUn, ﬁq@h}ing wit4 ﬁitrgsen-wa3~not~suf- -
fiaiant, singa«thenwﬁné{aéi?éaiﬁﬁééﬂséturatea,with:nitrOgeﬁmi
“and when the solutions was stirred in the presence of
axygen, sama af tna nitragen escaped inho tne OXygen cause:
in@ a false.m&aauram&nh ‘of ‘the oxygeﬂ uptake {uptake more
than absexvaﬁ), It was faun& ﬁh&t naating the solvent to
hoiling ‘and | cooling to OOm temperature ¢mnediately before -
uamng elimiﬁataa mﬂat of the oxygén (and ather gases) from
the solvent, The salvant was. not ‘bolled since ‘boiling for
a few minutes aauses a change- in gﬁ of same of the buffer
' solutimns,, Lne aalVents aontained cons;derahle oxygen withe
in ore half hour af%er heating an& coaling, ‘§0 they could be
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gused only as; déscribedau

Tﬁe prameaure for starting a xun whereby oxygen uptake

.‘of .the: Grganie aampeuna was cérre 7tcd viﬁh diffusion Cul=

vfrapﬁawas;xel&tivalvasimple*agﬁarqux -was¢#un-into«theroell,
_through »'&ii‘e'-i‘inléfét"?wé “botton of the ‘cells “The: air, in
‘the cell was: extrmiec‘x throughtthe f:mmg fumnels ' “When tne'
;stapcock Jua% above 1&9 oell WRg. turned in ‘this direction, '
i;ﬁhﬁEps}lswaﬁ,aﬁut;vﬁf‘fﬁammxhaugag.burrettew.:When‘the\aell
;waslaampieiély“fille&‘With~mércufy‘and“abbuf“a)milliliter-
‘was.in the filliﬁ% funnel, ' the: mercury flcw was stepped by
;,mﬂana of a ataycoek beﬁwaen the mereury reservoirland the-
: ca}l.~ Then t&ﬂ eomgaunﬁ baing sﬁu&ied was drogpe& into
,\the»rilling funnel. Withdrawal uf meroury fram the cell.
vog: started immeéiateiy by 1Uwering *ne reservoir and .
apeninw the stopeaaka At tha sane. tim&, the: solution in -
fwhiahytga@nrganig,pqmpaanﬁtwggxta_bg:dissolved was~p;petted
1in@a§thggfil;ing £nnne1;vafféwvmilliliiérs:atva;time, Tnus;ﬂ
«_tha;érganicJggmpgunﬁfwas éampiately“waaﬁe&f1nt§'theloali -
'Withvtgejéalﬁént&ﬂd?hﬁngé;lqthéxﬁélvent ﬁbufferraoiution)~
had been pipetted into the £1lling «fzwmifapd ‘the lovel
cf.th@iliquiﬁUgad}lgwereagigﬁa;thé‘oapillaryatube:conﬁect~
“ing the f£illing funnel end: the pozg,éxfcgmpnic cell , the
flbwzét,mgwoury~wasﬁstsppe&fby;ghgtting‘tne stopcock: batween |
\ tne mereury re&ﬁfvoirian&~tha»yclaxagraphic'célls‘;With '
uara, the solutian can be. introdueed Anto the cell without
Al@tting any .ges into tha oell, . It tha}voluma_aﬂfsolutipn
has ;,'bae?‘ﬂ px‘kaperlly;chgsan N »p};;g,' masnetia stirrar ;may nmv ibe
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/started and ruﬂwwhcuﬁ f:ii-ﬁ*-‘i‘zig"*tﬁé-‘?éiéetfbaeé‘ dipping -
41nto the salutiana g tha sams time, no pressura develops
- in.the aell as a rasult mf mermury entaring the' cell” ‘through
'{the,ﬁrapplng.mezau$y~electrqdauaa&;gnly;aqvepy Small~surface
of solution is exposed to ;m‘sm;m%;sﬁygémv . e maghotio
\!stirr@r waw run antil the crganic compaand was ‘completoly
~ﬁiasﬂl?ad 1n tﬂe a91VQnﬁ anﬁ the . te&perature OFf ‘the: solution‘
ogme to- equilinrium at ths. tvmgeratura of the water ‘baths
‘AWhile the salutian wag reaching’ equilibrxum, 3.t sammle ‘of
aQXY&Gn was ﬁrawn lﬁto the. burretta anﬁ after it had resohed
the tmbemtwe of tim water jaaket, thf» ﬁmi’cial volume wag
eaﬁ rxsm the’ hurretﬂa anﬁ recarﬁaﬁs When ‘the’ solution in
.4the pslara@raphic ‘oell: haa reacned tampera*ure and solution
: eguilibrium,gthg;magnat;css@ixraggwas shut;off-and.tha o
igiﬁial;pdia@@éxﬁm:&aié;ﬁ;@hgﬁfwiﬁnitkﬂgstapabcks‘appfdu
-priately '.vgaj-ﬁs%é& , “the' oxygen -;ns-fﬁhé{mrm wag trans-
,ferra&;;ntg}ﬁﬁatp¢1arﬁgrayhiéggbilfby~raiéing‘thé'mercury P
‘reser#eir'ébﬁﬁactéd tﬂ*thé”burratté‘anﬁflﬁwerin@Jihe*reserQ
voiv eonnaated to th@ palaregraphia cell¢‘,mhen:quffieient
'axygen na& @ntered the cﬁll, tne mercury flow out of the
palar@grayﬁia ee&l was: stopyaa anﬂ the'mxrcury level in the
burrette: aﬁju&te& untii preasure in tha system vas equal to
that of thg atmasyherE"‘Tha aolutian was th@n stirred. for
a ﬁhort uime, uﬁually fivé cr ten,mlnutes anﬂ then the -oxygen
viag raturnaa t6 the: burrette. by revarsing hhe abova precadure.
In this wnrk, tne level 0f »ﬁﬁ aolutiua was raiae& to the
sﬁap¢aqk;5ns§wqbaya-the~palarpgrap@ic ell and. stappea there.
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Thua;’thaquygeﬁ'VOluaéTWés;¢§a3uréd‘underlthe seme con=-
aitiané as'initiaily maasuiéd;  Then‘the magnetic stirre?
was shut ofr‘anaiaﬁather.polarogrémfmaéejan the solution,
While the polardgfaph wés‘?upning;;bﬁé#cxygen.volume‘was
ﬁeterminad’aﬁd‘racdrﬁeﬁmj)2yfdantiﬁuingthiélprooess; a
geries of:pbiarbg?ama*Wére'cbtaine&iwitnftha“cnrresponding
oxygen abao&btieﬂ;;Eall.of the‘axgéen;gbsﬁrbed Waslnot
reacted'wiih the*brganic cbmpoﬁnd;f:Thé“ambunt“or oxygen
dissolved in the solntion nnre&ctea was determined from
each palarogram alang with the aiffusian ourrent of ‘the
organic aompcund, sinee diqsolved axygen giVes a well &e-
finad polarographic wave at a different applied Dpotentlal,
The aiffusien cneffieient of oxygen at 000 wag deter=
mined by the sama prccadure desoribed abova ezcept that
no 1actone was present. ‘&ne axygen uptake, i.e., the oxygen
ﬁissolved in the snlvent, was eorralated with the dirfusion
currentggt:f@.%jviivs;scz appl@ed_pqtgntial. waygen gives
a polarographic*wévé‘atéﬁtiﬁg7a£ G*vblt applied potential
and at -0.4 volt; the limiting value of the diffusion cur-
rent had been reachea and the wave leveled off. : ' mﬁév4
After determinatian»or thekaiffusion>coeffioien§vof N
oxygen at 000 the diffusion éoeffiéient at 259 was deter%
mined from that at the lawer temparature eagily by a com~
parison of the diffusion cnrrants at 0° and 252 of a solution
containing the same uoncentraticn}ut axygen; ‘This was ‘done
by completely £illing the eélluinfan~1ea*5ath\with a sample
of solvent acntaining cxygan ﬁiésalved in it. No gases wers
~59a



present anﬁ the’ anly eoutant hetwaan salvent and air was

- in. tna aapillary hubing abave tha 0Ellw ﬁfter detanmination

of the diffusian current, the: eell anﬁ centents were: warmed ,
to' 25%C while tne solvent was allowad t0 expand into the
£illing aupm %hen temperature: aguilihrium was attaine&,
the aiffusian ourrent was again aatermined. A simple oai~a]
au&ation.with tnaae dirrusio& uurrenta givas the diffusion
aaeffioiant at 259, baaed an,that at G°G. A

Por meking palaragrama of aalutians without meaauring‘ :
the axygen uptaka, 25 nl. of solutian was 1ntraduoed into
the previaualy aesuribaﬁ 3araa~\mnavdrbpping meroury elect-
rode, calomel alaatraﬁa, and tne ni%regen tube were placed
in pasitimn thraugh the Tubber stmppar and the solution ..
huhblea wi%h &ry nitxagea from- wﬁiah all 8x ygan wag removed,
After. ahou% 10 minuteat or after all oxygen wasg, removed
from solatiun, huhbling waa diaaantinued.by shutting off
the nitrogan or by raising tna nitrugen ‘tube until the
n&tregan antarad the aall~above'tﬁe solution but not. through
the soluhimn» &my agitatiun of. tne solution interferes
with the wyeration or the drmppina marcury eleotrode.,‘~‘

- For the work at asﬁ,,water at this temperature was
passed through the jacket eround th@?burretts.and through-
the bath ﬁurraﬁnaing tha;oell; all:éapnecied'inrséries«‘m
The‘tempdraﬁara‘ﬁf;this,water wmafcaﬁﬁrblle& to within half
a degree @£'259g~a_half,dagxea ¢haﬁga;in temperature change
causes a change in the ﬁiffuaioﬂ»aurrenﬁ7iess than 1%. - mhé_
aiffusion currents can be meae&%e& rrom the polarograms .
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with an aocuraay af no-greater than.lﬁ, sd this precision
of tamperatura cantral ia sufricient fer the. polarograms.

As can be shown. latar in tnis wurk,'%ha measuramant of

diffuﬁian aurxents w&re less preais‘/than tha other. meagures-
mentas ﬁatter gracisien was. attainea with the volume
measuramants, since. ﬁna gxact’ tamparaﬁnra of the ‘gas. bur-
rette wag read at the 3&&& ‘time as’ the v&lume.(,_w:»,

ﬁur th@ work. at GQ, the bath around the polarngrapnic
¢oll was aisaonneﬁtea ‘from: the burwatte and paoked with
i@avaﬂ&uwatara~ By kaaping tna cell Well pasked in 106,
\;ane‘i‘é%éi‘é”éf &9 s amsuredwithm a Yange ‘of about -
6;396‘ ﬁﬁwav&rg tha palaragrama can still be read wlth an
acauraay af anly ‘about 1%, 'so tne praciaian af temperature
aantral was greatar nnan naaassary, ?htar passing through
th@ burrette jaaket wag tay watar whieh passed ‘through a
copper eail immeraea in’ an iae bath before passing tnrough‘
the barraﬁtaujaqkat;;a&axge qgant@tias of 1ce were needed
to keep "“é"hé”iﬁéié‘liér? 601l well ‘chilled and the water tempera~
ture in'the burrette jacket was not ,‘z"e‘ro‘f; "but’ in the range
'uf?4»6°a‘f”ﬁﬁﬂéﬁéﬁ;*ﬁy“ieading*fné‘hamﬁéré%ura'at‘the same.
time ag’ the ‘burrette; - the’ praeiaian of volume ‘measurement
was better than ‘the preaiaian.cf &iffuaion eurrent NeasUr o
ments @h@ nxygen waa -Left in:%he burrette aeveral minutes
on’ saveral ocaasiuna anﬁ ua cnangs in volume was noted.
‘“herefare, aitner tna tamperaﬁure af the oxygen changed
rapidly to th&t of the burrette or the temperature of" the ,
faxygan stayaa witnin this range even when in the polarographio
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cell immersed in ise and waters: ' . . ¢ -

+ Foxr. many of the calculatiana! the‘mass of meroury -
falling from %ha dropping mercury alactrade par seOQnd wag
naadeﬁ* Thia eonstant, *eﬁignate& by m,: was measured in - -
milligrama per seaond, mniavaanstant is»inaependent of
the medium in whmcn ‘the mercury. drOps are fonmed, but varies
witnvtha_y;easu:e_heaa:ef meraury;an;thadcapi;lary. - To-
&etermine{m;-Che,ﬁrqpp&gﬁ{merguxyﬁéleétroaéQwQs.put_1n
distilled water and the head adjusted to the level which
was to be uae@; Tﬁ@n_a;micxaffuangl;wﬂafplacad:1n the water
‘below. the capillary and the mereury drops ‘oollected for a
“period of-tims»aa~mﬁasuraﬁiwiﬁhka1st6pﬁwaﬁch. The @ioro 5
funnel was cannsuted to a waighin@ hutﬁle 5o that when. suf-
ficient mexeury'was aallacte&, it auuxa ba suokeﬂ 1nto the
welghing bottle. The mercury was carefully washed ith
watar; ‘then with acetons;‘ana-rinélly dhiad and weighed -
on an analytiaal ‘balance, By a, simgla calculation with
the. W@l&hﬁ of marnury ané the tima during which. it wasg 00l
lected, the canstant, m, was obtaineﬁ.' This constant was
used as the two tn&rda power, 80, the precision necessary
wag easily ubtaingd;py;ﬁge;prgea@uxg antliped;», o

‘,Tnekpnlaxogrépn Was,qa;ib?ataa;séveial;timqg at fre-
quent inxeryals,‘;Tais;was nepass§x3~bepausa‘§f the tendenoy
of the ealibratién'of this;ihatraménﬁfto'vary; The inatru-‘
nment was aalibratea by conneating a known resistance across
the. alectrieal 1aads and making a yolarogram at the approjy.~
luatevsetﬁiﬁg~ef,the current senaiﬁiv;tykselector after marking
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the ‘véltége’ on' tho gensitive paper at ‘several places,’
Then from the. vultaga an& the resiatanca, the ourrent

'wna aimply ealeulataa* Thé aistanaa«un tha grap& for this
amyerage waa maaaurea an zhe pnlaragram and a simple cal-

oulation fava tha aurrent yex miliimatsr, 'Onthe’ polaro- :

grams fram wnian a aiffusian aurrenﬁ 13 datarmined, 'the
haighﬂ af tha wavg wns,maasurad infmillimaters and* by mult1~

pliuaﬁicn by tha agprapﬁiate &urrenﬁ'saﬁsitivity, the our=
rent in’ micrewﬁmwaxeg Wﬁaiaht&iﬁﬁﬁwTQT*Vf””“ NERER R

‘The' tima far a drap af mar&ury o fmrm and fall off
the aapillary ia an &m@artant faﬂtew &1ﬁ mﬁny of tha calm :

culations; u desi ‘ “‘ana 1s given 1in seoonds.
It was &eterminaﬁ far”aaah pclarmgram ‘t‘that voltage for "
 whioh the’ calaulatiana invalving ” were ua be mada; I

varies: ha%h‘with the maaium.an& tha'applie& E,M.F. and thus

aanﬂat be]«aﬁarﬁ&naﬁ pxevioua to,_ha‘palarogram as can ba
done’ with.m; A aﬁap watah 13 uoﬁv&n&ent to measura t, sinbe'
it is used cnly ﬁo the one s&xthApuwer and high preoision f
is not’ neaesaary; Tb'make ﬁhiﬁ mﬁasurement, the dropa fall-':f:
ing from the napillary in aaluﬁion‘were watehed vhen possibies
When the capillawy ooulﬁ nct ba seen, as was the case when

~ the call was imm&rae& in ine, the falling an& forming of .
mercury araps were aba@rvea by waﬁahlng tne visual soale

of the polarngragh. T |

6=



mathodngg;ﬂanﬂligg.Dataga Wy

, Txxe ﬁiffuaian eurrents were measured fx'om the polaro-
igrama 1n the uaual mannar.: During an oxygen uptake deter~
Amination, tha reaidual eurient eeald not be determined for
eaen polaragram. At the law applied poten ials at which
axygan was measure&, me.é volt, ths residual ourrent was
uaually leas tnan axparimental er:bv and measurements of
the aifruaion nurrenxa of oxygsn wara uaually measured
fram tne zero line of the palaragram¢‘ The zero line was -
markeﬁ onvthé'aansitiva payer befora making the polarogram.
The rasiﬁu&l earrant at ae.é valt-was measureﬁ 1n a Tew
cases fram a samy&a nf huffer solution left over after re;
moval of tne amaunt rGQﬂire& rar t&e &e'armination. Thua,
it ‘was measure& an 8 samgle ar salvent whiuh had haa the
same trea%mant 1hﬁating tn bailing temgarature) as that .
used but had aa 1aoﬁane Aissolve& 1n it. _The last remain-
ing nxygﬁn was removeﬁ by buhbling nitrogen through the o
samplle. , o e LR Lo .

The aiffuaimn aurrents qf the peraxiﬁe,weré‘measured |
by means_qf.afsexiag of Q&&Wﬂ;liﬁﬂ&g} A line was extended
past the half wave patentia;éﬁf,ﬁgé pé:oxide and through
the average of the difrusianfaurréﬁté‘precéeding the pere
| Qxide wava;'iae@;lggxcugh the avéféga‘of the 1imiting cur-
rent wave due to oxygens A,seaand:line”was drawn through
the average of the geroxide‘1imitiﬁgfaifquion surrent aﬁd
past the half wave potential, A_tnir&,line was drawn

PO YIS |



'thraughithé a#érage”af'ﬁha'wave 1fsélf;”"ﬂtfﬁhe‘point where
this last lina interseated the. 1ine extension from the oxygen
wava, a lina was ﬂrawn at aanstant surrent, i.e‘, para)lel
to tha Z ra lin& of tha polarogramg Tﬂis line served as -
a. base lina fram'whiah ta measura the diffusion.currant. An-
'ather &ine wih &rawn parallel to this base line and through
th@ peint nf inﬁarsectian of tne lines threugn tne vave and .
throngn tne average parowiﬁe diffuainn current¢ The distance
frum this 1ine ta the base lina is almeasura of the diffus~
ien ourrents nsaéntiﬁlly, the diffusiun aurrent is meaaured
at tﬁ@ half wave gatantialﬁ' %his ﬁistanue wag measurad in
mmllimatexs; mnltiyliaatian by the apprcpriate eurrent sen-
aiﬁiviﬁy giv@a th& diffusion eurrent in mioro ampereS¢ a

An equ&tian for the diffuaion aurrent was first obtained
by Ilkﬁvia ast SE !_‘7] B
| iﬁ n~60‘.§ni3“3§‘ ¢ W%Vﬁ‘
where \ LS ULTARES
- ig ia the diffusion ourreﬁt, in micxo~amperes R

n is: the number of faradays of eleetrioity raqumra& 3
per mole of the electrods reaction "

D is the diffusian eaafficiant censtant of the re-
ducible substanee, in the units ame2gecs =

C is the concentration of the raducible substance in
millimoles per liter ~ = g B

m 1 the rate of flow of meruury from the dnopping

meroury electraae, measured in milligrams per second

t is the drop tima, measured ia secon&s -

~G5~



‘This zac,mtmnai;és‘ .xiséd'f throughout the caloulations. .

@he canstant m.was experimenta1ly determine& at 2500

as prwiaualy describad, but the value at 2500 mnst be .

aaarreetad fnr temperature change wnan use& rar the caleu~ .

-1ationa aﬁ Gacﬁﬁiwnis wna &une hy maana or an equation P
fgiveﬁ by*Koltﬁgfr and Ling&ne (13n), page 75: .

| mo - mgg - Aw(meaas)

and. at 0“6;  ; ; ;“‘_“}ﬁr,”

o mg {mgﬁ 6;99) mg seo“l

niffugiwx Qeffinignt af m~XE2Q

B

B From tha runa for tha &etenminatiud of this ‘oonstant
at DOG, tnare were obﬁaine& &iffuaian ourrents and eorras-
punaing axygen ahsarptisn An borio acid burfer snlution, pH
49.6¢ %hﬁs@ werﬁ graphed; Since Qxygen could not be oomplete»
1y removeﬂ from the snlvent, tua atraight line so obtained
does net Dass through the arigin; The curve was corrected
for the 0xy@&n ariginally preaanx by &rawin@ a straight line
through tha arigin and yarallel to- the experimental eurve,
From this corrected eurve, garresponﬁiu@ values of ditfus-:"
ion current anﬁ axygen absorptlan {canoentration} wore ob-
tained an@ subshituﬁed in tha Ilkavic equakion, ‘The value
0f n is knawn.ta be 2 and m.an&*tfwara ﬁetermined before afd
Quring the Tums’ ‘:mua, the anlyﬁnknbvm is. n, the aiffusion
eoeffieient, which 13 than easily calaulataa, | '

mas*



In tﬁe Ilkavia aguation,~temperature changes .affect
‘1¢, By t, ana ﬁ@ Thus ‘at 09 and 25%:
ia o 695}1@ 3/5"/513%

- s n o R oy

%hen agylie& te the sama alectro~reduoible substance at the

,ﬁame canaentratinn at the twa tempar&tureq, one aquation

nay be. ﬁivi&aﬁ by the ather te gi
,:13 ” 3/5 tl/es n%

Thia equatien was useﬁ tn aetermin@ the ﬂifrusion coeffioiont'

of axyg@n ab 359 frqm the diffusien caafficient at ioe tem-

peraturey = © ¢ oot
Reversibility of Redustion Waves and Number of Eléctrons’

The paﬁantial uf the ﬁrepping mercury alectroae ror

8. reversible raﬁuution is givan by: :

gﬁ‘e‘ o EO BT An Gredfre&

Wherﬁﬁ S L 'f"-:', “ ’cv £

Ea;g, .13 the pstential of th@ dropping meruory electrode
B s tna atanﬁara ﬁxidaticn-reduction potential ”
of. the aystam i ey
R is ‘the gas eanatant - ,
T is the absulute temperature ;f?-.

T s

n ia the number aﬁ fara&ays af electrioity 1nvolved

~6?~



1nitheﬁre&débidnvofwanétmulexefzﬁnbszanaefor:tneznnmber of
electron$ involved in the reduetion |
,gj =§*is the Earaday Lk
Gped is tha eencenuratian of the re&uetant |
‘zkffga \is the aotivity eae&fialent of the reduatant |
C ey imt the aetivity coeffisiant of ‘the oxidant
’1w§§§f7ﬂia the cancentxatian of the oxidant
5*sWAssumiﬁg that the aaneentratiam of. raductant is neg~
libla or zera, it aan he raadily deriveﬁ that:

B 2 ‘-!i e

wﬁe&e; e T :
| b s the balf wave potential |
'j.;n{'?fi$ tﬁa number of eleetrﬁns 1n¢01Ved 1n the reﬁuction
ffv?ji;‘ 1i$ the Gurrent at any point on tha‘wave, corresponda

ingvta”%aﬁa* 

‘ w’i&" ”is tha diffusiun unrrant

From this eguation; 1t aan be seen that & graph of B&.e‘ VSe

lggﬂ;  if ;’ shnuld be a atraight line ahd have a slope of

“&gggk ﬁram this; the value of n aan be determined. At

?'tne raaetian is xeversible, the value of n ao obtained will

be &‘whﬂle ratiunﬂl 1uta$er.. If the reaction is irraversible,
the curvafmay still be al straight 1ina, but the value of n
‘wall not be @ whole ratianal numbsrs At,0°c, the last equa=-
tion dst il oo oo T




“ ﬁiffnaion eurraﬂta fﬁr’a @ivan oxygen uptake for these

1actones waa &atamminea as previaualy deacribea an& grapned.

?or aama of tnaae ﬁﬁiﬂﬁﬁg hawaver 3the tatal deerease in

oxygen valume waa n@t the amcunt af oxygen raaeted with tha
lactaneﬂ‘ Wn@ ammaentration af axygan ﬁ15301VQd and un-
'reacteﬁ waa ealoul&te& fram the 6iffuaian 0urrants of oxygen
‘at «0,4 valt, hy maans mf tna xmkavin aquatimn. From the
,eoneentxatian of axygan (millimales per liter} and the total
’ valuma mf solutimﬁ; %ha voluma of oxygen diagolved and une

reaataa‘waa aaluulaﬁea,by msans ot tha equationa

‘.fva*‘#**g*"

wherai"vw 15;*:’1"§'+a. L

'E'fﬁég“ ia tha voluma af uxygen aissalved and unreacted,
at stanaar& oan&itiana o , o

e ﬂ” 13 tha aoneentratian at axygen. in.millimoles per

litar ‘: : Uy by e gl i e .

- ’va is tha vuluma of solution in the particular run

aa‘4 is the valume of l millimole af Qxygan at standard

conﬁitsmns, in millilitars o : -

: | Tha vmlumes of oxygen as meaaura& fram tha gas burrette '

were morraa%ﬁd to atandara eanaitiona by means of the well |

known g&s aqﬁatien:‘~

P2y N
Tha total daerease ot valume of oxygen»was then determined
~ﬁ9~



for any. point by S&btraatinﬁ the valume nf oxygen at that
- point. from th& initial veluma; |

| iﬂﬁ ?olume of oxygen,raaate& with the laotone wus ob~
taiuad hy auhtraeﬁing Va, tha voluma cf uxygen dissolved |
an& unreaata&, fram t&e t@tal ?Qlﬁm& deorease as-i"
Vﬁr . ” Avb - ‘fa ‘ .
whera.; '7 ' ‘
L v ia tha valum@ ar oxygen reaeted with the la»tone,
maasured 1n.$l¢ at staﬁﬁar&,eanaiﬁionﬁ S
i is taaft*tal ﬁaareaaa af axygan volume, measured
in mly at aﬁﬂnﬁa&d aon&itiana S L

"'d is t&a valume 0? nmygen &isaolVQd and \irireacted
Tne valume af exyg@u reacte& with lautona aa saloulated
abeve may bargraphed againat~ﬁirfusion<cuxrent, butltne
graphs 8O nbtainad awe intaxeamparable only 1f the amount
of laatona uaeﬁ in aach rnﬁ is tha same. dn urdar that the
 éif£aran$ oxygen uptaka runa might be comparabla, tna.milli~ -
mnlss of oxygen reacted with lactone per liter solu*ion,was;'

calaulate& far ea&h‘painﬁ by means of the equations
o v& 1609
224 Vg )

ﬁherQ?;  "f*‘ o e « :

"  ‘3, is the millimoles axygen reaatad per liter ‘solution
f  ?¢‘ is the valuma ar oxygen reacte& with tne 1actqne

- 23‘4 1a the voluma in ml. at atandard ocnditions of

one millimala ‘oxygen ;,l‘ B " |

.[ \I'S ia tne vuiume of solution;use& 1n fhe partioular

rmak )
=70~



IV, ﬁ&SBLTS
calibraticn _i cag rieg, Dgterminatiens of m ; _ , , R
sirsee dropping rgeraury eapillaries elog easily anﬂ. rmst be disearda&, several ca;}-

- illariea wez*e used ixz f:ézis w&rk. %a value of m fa:* eackl eap:lllary uged is as faliaws'

: "capillary preasura heaﬁ weigm; sswrmn:y Atfi:a"a 3 m inmg;/geeﬁ ‘

e

S in em. ﬁersury ~ in grams < in.oine

| }_li  ,“' 43

'C; iiS‘”. S 40;5

T | s-l o | | 69,0

S-2 47.0

8?4525
0,794

0.8059
. 0.8110

| 0.3187

0.3863

0.4484

0.,3263

 average

,:5,

‘average

‘g |
5%

3¢4§§§”E*fﬁz‘r

z‘ssy?égff o

1*96 U

,G?"
'1.05
fo‘aso

0.837



R TN

 capillary

3“3{ 3}

s

S-~a{2)

pressués head

~in om. percury

89.8

689

47.5 . o

weight meruory
. in grams

e.ssa

 0.6692
e

o.4112

: ﬁg- 5552

| 0.3063
0.7616

0,8484
0.4262

  1 ‘tima i
AR B

~_  average

éV§faga‘
e
. : #?@age ’

8

average

 average

12
6

average

m in mg./sec.

0.836 =

- &.8%& |

L

1.27
1.28
1.18
K
1.18



%inatiens ef :ffusiag eegﬁ.cient esf gzgen at GQG’

ki}etezminaﬁiw #Lo T L

;:-:ﬁ was 9.65, ﬁsﬁ%«-ﬁiﬁhﬁaéﬁ salutifm - av. % ’ms 5.59 ssc, ,75. '
mlnm of the ‘solution was 100 mle. o m waa 1,}.6 mg,[see.s
ﬁa@illary wes 8-8(2} - 3/5t1f5 vaas 1,50 -

v"’number o aorraeteﬁ valam of . .a¥ in ml.a REAE 1" - &z-ag t.’f.me

g ;
, axygan in mle R - ab am% ?ult - in see,
T - imn miera«amps, R

8 . ss.Ba | 0.8 - R s
7.  e3.62 | 108 357 8.5
CRECHE  es.34 ¢ 1.6 4,04 R
10. 83.08 © 1.62 495 6.4



bl |

N J,;:"“vnt;mber o cnrrecte& valw;aa of RN & ;gn ~~m1,.

number. .- ~csrreete& volune of ... &V im mj,,f R T  drop time
R N 033’8@11 in ml, T -at =0, 2 volt ° in sec.
: ‘ ot B in misro-am;}m ’ e
531;93 : “an 1.78 | 5,3&3 R . ; -...... o
Vezﬁaaﬂfj»"fz 188 550 SRR
’;~fsa.safav S ze02
| i’ez*aﬁ.,"‘ 2,04

L " Determizzatian 2 ‘ 4
. pEwe 9.66, ESBQ34KSlaEaGKfsalatisn
'vn}'ume of solution was 100 sﬂ, | L | |
ea@mary was S-3(2] -'ff' . o VR 2/ 8 l/ : was 3- 51 &

oxygen in ml. = el at -G,g volf;
S : ST e in mipranamps.

1. . ete2 0 0.401 . '?6.3,
2, - 83.96 7 0.86 1.22 ' >75.4
3,  eB.0 o2 17 6.4

4 83.74 © 1.08 2423 6t



e TG, ~ arop time
. ex:srgen in ml; , . ati=0.4 volt - . in sec.
LB REAEES 35’43 SR l§ﬁ5

aumﬁ@ earmctaﬁ "u'e}.usﬁs of a7 _3.3;@ ml, Coga

. . . 83’93 ‘ = 14»3{3 5,’?6 o 6,}»4: o

T T L R
. az. e 2,08 ‘3’!49 B 5*5 .

Y - 1 S ~3’53.0.  - "»6;"1’9‘ | 654

g m_ 82,02 %80 655 e

* These results are shown in gragnical form on }?age ?7, ' The diffusion ccefﬁcient
from twa- points- on the corrected curve of each determination is given in tne; following
table: |



~ determination . . ml. oxygen - .. concentration  dorrected i; D

. abgorbed - oxygen - ¢ in mioro-smps - |

0,893 5»3-3. 969 x 107
046 ase 8 x 1076
L .898 ,.>jf(5.ea- 9 -6

9:83 x 1076
ok . tolerance ;ﬁﬂvﬁﬁ z’i“i%‘-‘ﬁs
,6-“? M&?é_at 25& AT i

T.&a &n‘fuaian eeefﬁcient of oxygen at 25° was deter min od as ?reviana,..y aesﬂﬁb@

averaga

nai, on of tha szfusion ﬁaei‘f f&ient

L by eamparisan of ths diffnsien currents at 256 and oa Gg ae&u-&ions with, the sama etm 0 em-s A
tratmn af axygen, el o ‘ : ,

’mmber et aaé%x . _at2s%  Diffusion

) o ST eoaff& at
i no £~ . g amo o € 25%
. inam. m mg-a/secas in sec.  inmm. inmg./seo.  in sec.
i, s%5 1,09 64 9.0  11s 5.85""4'2,491 10-5
3.& t_’{. Cs7.5 1‘!09 L 8.4 94,5 P ;';,,,1&' o s.as '-13.4@10"5
tolerance ; 0.08 x 10’f5



N

bl
Absorbed

ml.Q,

| | i | A
‘ ‘ 1
. | |
Det m No. | | ; |

Diffusion Coefficient of Oxygen
0° C.
pH 9.65

|
|

O

2 3
id —Micro Amperes



Det'm No. 2
Diffusion Coefficient of Oxygen

T84~

S °
E’ O C.
S pH 9.65
w
L0
<
N
o
€
|
|
F 1 -
° ~ 2 3 4 - 5 6

i —Micro Amperes



: mmyg tent:ial 9_?_ '-.or-‘-‘»f‘ A
‘Media | f"4_]aﬁ :fiﬂJ,, Mv_ - S o ek
No, - pH k5 Lactons . m®/941/6 ig - s:% * Gapillary %ieﬂia
R Concentration at -l.5v ~  ‘im ?:s, SGE
‘in molarity = in mg*[ses, miera amgss. in W«lﬁs

. ooomo. . za s s
2. 9450 ggfggﬁgzgfjf§fiég$i' - 5ma?aag51f§§3*aaﬂsz;i;
é‘§¢5€} L Vﬁfﬁll‘ﬁ T ',‘ s 2.21 s ,23%3 : w08
5 950 0010zl 2l sLaE
.53 4‘59g3195f§a 'u ~ 3§21.‘Z~  ;fg;za;flv77""

9. a0 0.0807  zde .o *132 R
19;*”4'9#65 - Gfaégé, R e o ’*3»»51. S-4(2) "’ at 0%

1&5‘1&'@0)16 V?er&xi&_‘a; B Effgét - Qg Cone entr‘a_tﬁ.(a;;;*gg aﬁﬁ

Bsﬁeﬁclmﬁ |

13. .65  0.02e4 1.2 5JI1  -1,50  sSea(2) - v » 8t 0%
12, 9.65 = 0,024  l.az  6.48 -1, sS-4(z) ", at 0% -
13. 9.65  0.,0294  1l.42  6.94 .52 s-a(2) ", at 0%



"ﬁag{z}~g§_ Lactone  m2/3¢1/6 5. . . og
S oo o Congentration- cat -liBv 0 “in T vs, SCz
) in ﬁzolarity i& sﬁgdsem miera amps. i,n 'e*a}.ts; " ,_“ S S |
| ,aﬁazgé : .V'f;liéz;*;A.,, 7,77 - b;v5«§{2§ -ESBﬁgﬁﬁﬂinﬁaagb
- R L R at 0
a~a,a.ue_; 24;12 U -fhsﬁé  Ha
A anng ‘ 3‘3’1 ’ 3;:5{} . 1a31
‘9*93439 S z2 0.5

e

;a,aas*z%‘ 22l 0.76

| ”a.c;z.zz L mEL . 0.90 . a1,33

cayillary Yedia

‘%Egs*ﬁﬁnﬁagﬁ
- ﬂ o

0,01808  2.21 0,90

B R S SR e

o &lyainemﬁaﬂl-» -

- | Q,é}g&ga .  } 2.9 1.5 L i
SRR T Ll R

,G {3%59' : 2,4‘31 - : “ , {.}‘95 LT
:’ : -:Q*SQQQ? | g‘;g | . 0’846 o
- ﬁ-ﬁﬂgl%wf 2.2l ealdz ca -l

SFR

w<w;5§iﬁ-L'

1*1 :aix Qi‘ cel-w
~o o losolve &
) ﬁa&%& 2P0y Of

p 8‘94

R R i = R S R T =

© ea 1.04 'éaf-‘f .57



g ;:"’ :”i;%éﬁ L
| ia :@mla:ei’ty, - in mg‘fsac. its
o , ff' ;7[if?sf¢ae,ﬁa;l,iggggj%;fgﬁﬁj;i
Qmé?ﬁs& oz o8 1.46 e&.,.l&gg o
oma  ne waw e
v;f§a6151$-;.7‘  gﬁxg,;__ga,l;ﬁﬁ_, easla
L _jmcae@l i 3‘17 N "‘g&. 2*,91 : ca“l“s Q
o= éﬁlﬁﬁ%ﬁn : Perox g
?51 h‘.i "M&ﬁ.’;‘:ﬁﬁn S

o 3p wefte NN iﬁ @i@;‘ﬁmaﬁ,{gs, ) :{n mi@ra—-ampat

Conem o am s
1 *,ﬁi;zéél;;’fwi; ;  3.?& f“i' ’1\?‘9 ll;f495i?€% { ', ?f -v-frs.:v.f,a’gcsf'*‘"*"""ka
ol G o

‘;' ﬂaeﬁaggg?aé’or
Q.l-ﬁifﬁﬁsigﬁar




~§ﬁé&,t”;

: %@ w af ‘it f aenea:taetma:at ?50{; . f'
B}m gf 1, 25“3 Rt ’ E

‘ .f,aaamtratien lactena was &&511? ma}.&r

Js!m i et . mgen v ?’k

& 00& . 0,008 1.25 1,80 1,505
& 0w04 0,005 .66 .1«,3.;?;54»;'_;7.‘14.8? R

Tﬁese resalta are gra;;}xsa on paga 6%;
S slepa af the 3.1113 = 14,15

m

pE wes. Q,SQ 3333**3.‘314%% salﬁtian Gaﬁﬁ.lary was s-*
B 3/54;3-/5 1s 1,493 at. m,& v

f%feight laetone as 6;38’25 grams/laﬁ mls. sclatia

: :-6*‘.% voit - cementratiun 3.11 ml. 1:& mlv »L.%z veit millimla exygen
in miere«ampa. m nwle{ lif:;ax o dn mieraamys, reaéte& gar iiter

0.2 0.80 mgs?vi

70 001 0,015 2.8 237 ;2;§5'5,



l .
REDUCTION REVERSIBILITY, P/
04 f——
' X-ANGELICALACTONE /
0°¢C.
0.2 ’ %
T Applied Potenﬂol/// Volts
—1.° o ]
1.27 1.29 A 13 1.33 1.35
o
(@]
|
-=0.2 |
4
-0.4 ;{
0.4 '
REDUCTION REVERSIBILITY
B —-ANGELICALACTONE
0.2 25° ¢, |
|
T
__'D
o Applied Potential Voits
- o] t
. 1.28 I.y 1.32 1. 34 ]. 36
- 02 /f
-0.4

-8%




S ananty . _ﬁfﬁﬂﬁ;, i ﬁezﬁﬁl; -
Bl 2,68
B0 288
| 3.8% gj

f eamantr ﬁim s}f thellac%ane' *sas 3.8511‘? molar L
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V. DISCUSSION OF RESULTS

Diffusion oerfic;ant of exxgen |

: The valua of the diffusien eneffiaient uf ‘oxygen as
o?tainad‘atzaﬁPQ in this work, 2.48 x 10'5 nm.3 sec,*l 4
0.08 x l0?5 (0fspage,?6}~15 1nhagre@mant with that ob-
tained by ﬁaltnpfi,andﬁﬁillar (l40};«‘Théir’Vglue wes 2.6

x 105 em,2se0.L 1n 0,1 ¥ potassiun nitrate. It has
been shown by Kolthoff and Limgane (132) that diffusion
coeffiaienxa ﬁacreasa with inereasing concentration for
eleatrolyte solutions but tne decrease of diffusion co=-
effieiant with inereasing coneentration is not cbserved
for unanarged gsubgtances. The total mmlarity in the buf-
fer solutions composed of H5305*K01gﬁaéﬂ,,pﬁ Q‘Bg used 1n:;
this work is Qfﬂ&ﬁh‘ The fact thﬁé'tﬂe consentration of
alectralytas preaent in these salutiens ia therefore nearly
three timas that in the saiutiana af Kalthoff and Miller .
may @xplain the lower aiffusian aaefficienta,w, ,

. The value of 9.83 x 10“6 eme® aaa.*l for the diffusion
coefficient at 0% is the first value of the aiffusion co= B
efficient of oxygen at thils temparature ta be found in the"
‘literatura (cf page. V&) Sinna thig ccongtant was used %o
determine that at 35“6, th@ value of the eanﬁtant at the
lawar temperature 1s as aaaurate»as that at the . higher
tamperature* The avera@e ehan@e uf the &iffusiun coaffia~ .k
-ient per degrea ‘over the range Gﬁ ta zﬁa is ,06 x 109
om.2 sec, -1 aeg.-l. |

 Al2le



The experimental curves for two oxygen uptake deter-~
‘,minations for the borio aoid buffer aolutian at 09C are
7'gfayne& Qn page 77§ It oan ha aeen tnat tha first point
of eaoh Qf thﬁ»e daterminatians 13 belaw tne lina through
,tne remainder of thé paints. ,Although the oxygan.in these
Ldetemminationa was aooiea fur at least ane nalf hour be-k
fmre meaaurament of the VQluma far these titst paints,
it is prubable xﬂat tamperature aguilibrinm was not ate
tainaa in thase samplas of oxygen until after this first
voluma waa meaaured and’ tna 0xygan was kapk in the reaat~
| ian aell geveral mimutaa. Thus;- if the oxygen samplés”
were anvled even ag little as. one: degrae to 009G betwean»
the first anﬁ aaaand paint, the ﬁeera&aa in valuma of oxya,“
gen for the sesmnﬁ painﬁ*was less than abserve&., waever,,
tha glope of the nurva abﬁaine& 1@ unaffectad by this errur, |
whi@h is eliminateﬂ by drawing tha curves parallel to the ;
axperimantal aurves and thrmugn tna @rigin. The first points
are inﬁluaed beaauae it is at thaaa paiats that the initial
volumes were measured from which the volume decreasa was
caloulated, = : | L ,
From the corrected aurves;*aﬁ?the‘highest'&iffusion‘
current obtained isatura ed solution}, the oxygen is 1.08
x 10”3 molar in aetexminatimn # ¥ an& 1 14 x 10*3 mmlar
in aeterminationh# 2y

Half Wave gegtial *£,<1~An»efief1actane ?eraxiae and .
Revergiblli.tz of Eeduot:ion e
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Lo The 3rﬁph of log *“";"“E'va;“aﬁplie& potential is a.’
| straignt 1ina (ci‘. page 85) for the peroxide of Gi-angeli-

Vaalaotnnei ﬂbwaver rram the slope” 'jthis 1ina, the value‘

a,af,n is 0a77. This ig.an ambiguaus valua for the’ number |
of. aleetrans invalvea in. the reﬁuetion.. ?n@rafore,zthig,
‘reduotion is irreversible, and nothing can be 'said con-
cerning thé_QUMDerfaﬁaaleaticns.iﬁvéiiédﬁiaﬁtﬁa feducyicnsj»
LA paﬂlgamgraﬁhia wave was ;ahtaizfie& ‘for oc-angelical- "~ .
~actone sclutianagat.ﬁé of §l§$a~£'6i025701ﬁ8»vs‘SGE{ 1n:
a.basic solution in the PH Tange 8,04 £0 9,65 and in the
,absancagafuorgsn16¢salﬁenté.ﬂvmhisfyﬁ rangakwas‘obtaiﬁed
with phosphate and borate buffer ‘:adiution*s;: anerefa're"; |
«&heaé"sa1t3 ha?a¢no‘affeet'an theHE%. In neutral and acid
-salutians, no 9alaragraphie wave was abtained. Examination
af~tnawtaale-of-yelaragrams of CZwangalioalactone'dn‘pagé“
%9 shows no variation of the Ef in tha lactone coneentra« ”
tion ranga 0*0@&39 molapr to 0¢060? mmlar, waavar, as
will be saan in a later’ paragraph, the suhstanae being re»
duced is a peraxide rather than tne lactane.' Since the |
diffusion . Qurrent is pragertional to the aancentration of
the paroxida, the mange of diffusion currents over which ‘
‘B is ‘congtant is a better estimﬂte of the range of concenuk'
tration over whieh E% 1s canatant; In this case, the Ef
‘does not vary in tna id renge from O, 54 ua to 7,77 ua,
Whan alonhoi is present in the s@latian, at pﬁ of 9, 10
ktnere are two waves 1n the palaragram (af; #87 page 81),

EJ »l,ng and nl.ea volt Vs S.C.E, Theae waves are elose
: '~12a~ . '



together and diffioult to measure. The half vave potentials
are probably”aceuxata‘t¢“¢'§;55ﬁvélﬁ'?sé”ﬁééamg“ When yuriw ‘
fie& cellasalva is preaant in the sclutien at pH 8«80, two
Wavaa are again abtainea {efs # as, gaga 39), B} ~1.43 and
“1!5?kV9* S.C.E. These waveskara-ﬁvan claseg,togetnar than
/&hase;in’thegprééenue'ef)aleéhal*an@!tnsfaégﬁragy‘gfat@eée
half m'a-*gammm'mmnmy‘ 2 0,10 VoLt vse S.C.Es
"The affaet of theaa golvents eaulﬁ atand fuxthar investiga«a f
Xa glynina buxfer aalutiaas* the E% ar tne peroxide
of cz~angalioalaatmua ia anifte& ta algav * 0,02 vs. S.U.E,<‘.
This indiaatas abme reaahian between glyeina an& cfkangeli~ ; 
calaatana yeraxi&e, the natare af whia& is unknawn. @ne ﬁ
glyaina baffar salatians were naﬁ usaﬂ in furthar stuéies.
In tatramathyl ammanium bramiae snlutiona, the peruxiaav~
2% is shiftea £o «1,58 & 0«63 volﬁs V8. E.S.E, Enis.is,the"
expected xasulta in these strongly basic salutians, Hydrow
gen is probably involved in the reduation and tﬁe affect |
of a strong base is to deorease the hyaronium 1@n concentra=.
tion, th&swchanging,ﬁha~ﬁé to more nagatiwa,valuesg
ﬁxamin&tian of the table c£>rasu1tsion page 79 -shows
that tmére‘is naloérrelatian heﬁwéén lactone éancentratiuu -
and diffusion-aur#eﬁté and there should be some correlation
if the reduction were that of the lactone, A sample of the .
lactone waafdiatilled‘inka nitrogen atmasphere and dissolved
1n some buffer solution (pH of 9,6}'whioﬁ‘haa boen degassed
by bubbling with nitrogen, A polarogram of this solution

had practically no B
’ -124=



~wave at ﬁ% mr ~l 32 volt;ﬁ*?harefdra, the reduation wave
ia &ue to tﬁa raﬁaetion of a peraxide* mhe fact that. the
:bxygan nptake or %hia aompnuna was measura& furthar bears
~out the iﬁea of spantaneaus formatinn af a: aompcunﬂ of
~the. la¢twae and megenw Tne reaamn for the rarmation of

peroxides in‘baaic sulutian ‘and the ahaenaa cf peroxide

‘in aaiﬂ salutions will ba”disnusse&’later¢

A_‘ﬁazf 'Waxe Pot _tia of _§:

”‘éi"é iéb@ohé’?erax;ﬁéﬂand”

Rever' bi’ ﬁ 'af Ba&geﬁian o

& gr‘é'pn *af :mg ot v agpnea potential is: also

g atraigbt line for thi #nangeliealaatane peroxide {ofs «
‘4:gage as}. ?rom tha slope of the ﬁuxVe, tha valuegaf A 15
0488 ¢ mhia is- anramhigumas value fbr tha number. of eleot-
. rons 1nva*vaﬁ in the reduction of %ﬁe geraxide. Theraforq;v]g
‘this: reﬁuati&n is elgo irravers&ble~ _ |  ’ ‘,f\

A polaregraphic wave was abtainea for. pmangelicalacuﬁ'
‘toneg salutiana at B} af wl¢32 £ 0,02 volt va 84C. Et in
“the pH ransa 8,04 vo 9;66¢_;Ex&minatian af‘the tahle of
'pclarégrams,af #aaagexiaaigctanavmﬁébageéklal"anﬁ;los shows
‘tpere‘is #b‘ﬁariation*in:thisgﬁé over a lactone cﬂnﬁentram,‘
tion~range 0«0091¥m513r7t550;64¢ mamaﬁ* Sinae.the ig 1s
“proportianal to the peroxide eoncamhration, the range of-
’coucantratian af the reducible $ubsﬁanee$ is givan by the

14 range but not by tha 1aatans eoneantratian range. 'Asf'x'
“seen from the table, tha E% is ammstant mvar the iﬁ range’

of o*xa ua ta ll 10 ua. The csnalusimns reached concerning
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the. affaet ax @ﬁ, media: and acnaentration on: the ‘B of

auangeliﬁalaatme perm:iﬁe ara aﬁ,ao? true for. the B--

-‘gnggliealagtageﬁparqxidaa When thisglaatone 15 distilled
in nitrcgen, the wave at; B o «-:.bs:-z is virtually absent;

“ﬁeduetie 0:6‘ o&w ami - :

: <3~ﬁmgelicalaotone doea not re&uea‘at thﬁ droppina |
| mereury. eleotrode in. tha ph. zanga fmam 4‘34 to: 9.86 in'the .

mbuffer solutimﬂs usa& 1n bnis wark¢m§&na enly wava preaent L
: in tne polaragrams af tnasa salutimng is that or the. par» i
oxide in smlutians with, pH greatar than a. e

FL&ngaliealaotone daea«reﬁuae in,the bufter solution,
upﬁ 956.. %he Tepults are givan ‘on paga 11@ ‘The: B% 1 ~1.89
s GeOS e S«GQE. mhiﬁ wave. is very alaae tc the hydmagen
wave {«1,05 w) and therefore tnelmaasuramentﬁ on ‘this wave
are aiffiauztﬁ The maasuraﬁ &1ff&simn ¢urrents are given °
on pages 118 an& l19¢ but iv i$ dmubtful if an- aaauracy ‘af
great as 10% was attaineﬁ. This wave sﬁows a maximum‘ Tbe
maximum.is eliminateﬁ by one’ arap ef l% gelatin solution :
per 85 mlb af ‘the lactone. solution& wi?iyfﬂﬁf*;ﬁf“$  fﬁRS ;

+In order to study -the ra&unticn of these laotones.
solutions were made with. tatramethyl ammnninm bramiaa.,;~'-
Thesge solutions are very basie. and tha pd af ‘the selntiona |
| was not mﬁasurad. Howavar, the salatians were ma&a accurate» *
ly to the conaentxatians giVen by means of an - analytiual
balance and volumetrio flasks.- In thes$ sﬁran@ly basie _4“ 
sclutions, the. hydragen ion concantraticn is reduoea to:i

126w



-such a’ ﬁegrea tbat al hydregan wav““on tne yclaragrams 1s_jf

wag hapad‘that the reﬂuctianVWave o thaflactones oould g

Z*tnus bef”

tained atva@pliaﬂ yetentialg greatar than ~1@9*;:"
volte : o e O L

As manﬁiane& previmusly, dirfiaalty was encauntereaﬁH ;‘ 
'fin the pur_; ca Tau'of ﬁﬁe tetramﬁt&yl ammonium 5$amiﬂeyy;

:Aftaf aeveralrwaarystalizatiana uﬁa imyurity remainﬁﬁu Iﬁf?i;

'“had ‘8 Eﬁx@f5”zwlﬁ ve ﬁ#ﬁ&Ew xﬁis““sﬁﬁrobably an’ alkali

*mata, ‘uen ;affa&ium (B4 ~2411) ‘or pata&sium (8§~~2¢13 v)w?ﬁf?

“The dﬁta*fmr the reduction. &f cz»angalicalaetone 1na75~3'

vtetrametnyﬁ ammnnium %xumide aalutia i&_&iven an paga 1144

' There’ is'”d@reductiau of - <3~angelia lactone in t@tramethyl;.s“

ammoniun salutiens at ﬂpﬁlie& @atantiala up to =245 valts*f* 5
“fhe ﬁata for' the reﬁuction af #*an%aliaalaatane in-
'tetramethyi a&manium brami&e salutimn ia given ol pages
117 and 118~ ‘There are two' xeauotion waves For #wangalw ;1 ;
Ficalactone>solutianau ‘The T ara '

ﬁaa veltﬁ &nd -rl.QQ

- volt vse w.&@E¢ Tnis first wave was ehtained in the buf~"f 
ferea saluﬁiana.: There is)na ahifﬁ mf Lé in tatramathyl *

éammcnium bromida salutionsa“.fhesa waveg are very olase ?ff‘fx

'Lteéetﬁ@r and. the, wavas nerge tﬂsethe_ fﬁinae mﬁaaurementszﬁ; 

‘are’ difficuit, tha acaﬁracy4of tn“?abave half”wave pbtent*f%?ﬁ
‘*ials ara probably no. bat&&ﬁtﬁaﬁ ¢ Q‘Gﬁ valtivs;hg,a,g‘;‘ ,ﬁ;f,

The aiffusion eurrents of the meﬁuntions are given on pages
‘ «»la7*




117 and ua, "but sinos ‘the waves are run ‘together, ‘it is
: deubtfumfifVén{ddeuraoyfas’great‘aéW10 ‘was attained on
f“ﬁhaséfﬂéaéu?éméﬁtﬁi ‘There appears to. be a rough'propnrta
"iOnalityﬂbéEWeén”diffusion aurrent anék60ncentration.- The
'~difﬂuaimn,eurrents ara of the right arﬁer af magnitude for
~ the cenaentratiana Df laetane 4n tﬁese solationa. REp
w?romstnis:wark,‘na~canclasiaﬁs~@an~be ﬁrawntre arding
‘the nu@ber af sﬁepa in the’ aatalytia hyﬁrogen raauction of
- <J~angeliaalaat0aeg -The reﬁuatien ﬂf B»ang&licalac%ona
in'ﬁaﬁramcthyl ammﬁnium ia a two. step reduations Therefora,
the pmlaragrapuig reanctioa ia: aimilar to the catalytic
“hydrogen- xeduation, sinae #~angalicalaatana 1a: hyarawenatmyv
Led. first ta tha ‘saturated: 1aetane and thﬁn 0 tha saturated.
aecid: by 8 twa step Provess. “1nas tha two raauotiun waves
oK a polar@gzam;are.saacloae.tngather,,it,isuimpasgiblavto‘
makeﬁmeaaurameatz-aéoumata:anaugh;tm dstermine't&ethMberw'
of electrons iﬁvolveﬁiin.thegr@&uééiaﬁ qr ta,ﬁatgrm1né the
reversibility. - Although the wave at Bj of ~1,89 volt in .
\.the.burfeffaolﬁtianS'shnwg1a:mﬁximumvunlesa~gelatin'19 addm
~ed, the waves in the: tetrammthyl ammanium bromlde salutiona
aappnvantly do not, show. & maximnm;

Sxyeen gtake of <m~ﬁ ie_icalactona, RIS BT

CA graph of millimoles 0xygan per liter af solution i ‘
'raactad witn <J~angeliealactena va i& gives a. straighm lina...

Tha results af faur sunh ruaa at 3500 are graphga on pages

89 and 90.krThe nurvea are carreeté& aa yreviausly desoribed,



by drawina avliae @arailal to. the axparimental ourve, and |
Nﬂ thraugn the origine . This: was. nacesaary sinca 1t‘was im~§
powaible ta ammgletely remove, axygen from tna solutien

before startiug tha runu

in the r*raﬁ three Tuns, the firsb‘paints are. below .
tﬁa experimﬁntsl eurve. When tns 1aetona and burfer seln~
vtiona were yut into the cell, the 1aotone was yut 1n first
and washed 'into the eell with, tna bufrar aohutiong Since
thie"lactons does not dissolve: rapiﬁly, 1t 15 posaible tnatl‘ 7
thw aolutian bec&me layareﬁ with tme ‘higher cancentration e

at the batﬁam ne%t o’ th@ merauryﬁ Tna solutiona'were ;u

‘1ona Were mxxea, the eell aantainsd ne. géa,;i‘e;,nihe stir~
rer bar iﬂ furtnsr fram}thabmagnetia stirrer than‘whan 1
'uxygan is in tha Gelly ?utting QXygen in the cell lowers
the laval o; marcury claaer~te the magnatiu stirrer. Farmau
tion df layers af ﬂiffarent~eonaentratianria thanght ta be
'tna oauae of tne diverg@nca of. thm first point: beeaase the'
run’ was sﬁarté@ aa ﬁaan as thau@ht pasaibla after mixing
the solutions, ta reﬁuue the pasﬁibility of -oxygen getting
into aolutxon. Y EEBL  ,W<. P e

- In %heqe runa at nﬁ ﬁ, aoul& be saen fram ‘the pol»k
" arograms th&u oxygen waa absent from solution for most of
 tna range of- peraxi&e coneantratian‘ovar whien these runs
were maﬁe." ven the amall amount of aiaaolve& oxygen Known
to be present initially was shown ba be absant»s This maans>f:

- that the laetaua rnacte& with tne oxygen as f&st as it

CA129-



:=&issoxvad in,solntiang Th&a the reaatian is a 1iuuid
vphase raactinn, Wnen the cancentratiou mf ‘the’ peraxiﬁe

“approacnﬁa ﬁha 1imit1ng aaﬁae&traﬁio“kﬁthe reaction between

fwxygan anﬁ laetona 81@W6d anﬁ stapp@&&l.ﬁhus,~althougn
the’ axy an valuma aovtinue& ta deeraasa, %he éacrease was.

:&u@ ﬁo the yroaaaa of aaturatinguth“ aolutian witn‘oxygen..;'

- Ho furtner react&ca taok placa aa shawn bv neazmy aonstant‘

‘values of thm peraxida aiffusian eurrant‘ This causad a.

‘~gr0u§1n@ mf painta ag’ ahawn in ruﬁffl '5Ifjth@ peroxide

.1& aseumeﬂ tc be aﬁat farme& by raaeﬁicn}nf aﬁe mele oﬁ
;axygan wibh One mmle af laﬁtone tm give ane mﬂla ar parn; f1‘
10&1&&, than tha fractian of 1actsﬁ& canvertaa ta peroriae
 3may'be galculaﬁaﬁ from. the paint 0n the ¢orr@cte& ourves ;
 cerra$pon&in@ to tﬂe aiffuaian aurrent af the last evyari~1 |
mentel @Qint aaﬁ the original 1aataaa eancentrationg In.
 run #l ¢onver$iam wag 8‘0%, 1n mun %3, eonvaraimn was. 1 9
in run #3 oanversiun was ﬁ.?m, an& 1n run ﬁé, amnversian
,waS'é.o%*' Tnm5$ conversian rraetiana narregpand to ecnaenw,f‘
~trations of parchiae {sane. aasumytian as”abave} of 9.4 x
~10*'ég mnlar in run j 1 5*8 x xa*ﬁ in run%%a, ?%8 X, 10”4 molar
in run ﬁﬁ and 9;6 x 16“4 1n run #4. A typiual pelaragram

.cf a moluuion af <z¢amgelicalaetana'iaigivan in Pigura 5,

.nage 13d. - y e
| The na*reated aurvas are gr ,aﬁxfogétﬁef nﬁ»gaga elat'°“

"It can be seen ﬁhmt tne slogaq af ase l&nes are variable¢

It is knvwn that tnis unsaturatea"actanﬁﬂpaiymﬂrizea reaaily»'

_ Wnan.it 1& di&tilled,‘ther@'is;aI jy)‘eamé‘palymerise& tar
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- ;ramaining in tke still pct¢ Ig tha p@rnxlae of" <J~angel-_

- -lealactone: w@ra involved 1n a: yal;merizatian, ‘the: effect

L would be tbat obt&ined har$b T&a» 13 beaauae most ‘of ‘the
 Tactors: af:ﬁ'ze;.ting ﬁ':h.is yelvmerizatian a.m ‘unknown ‘and - ‘
;little affert aaulﬁ be: maée to eontrai,palymari ation. © -

,,Yolymarlvatlnn,will not affedt the ﬁiffasimn current~ 1t
is a trus in&&oatinn of the yeraxida cont@nt, “olymarizaw-
.tion will cause:the aﬁﬁewim&nt&l nygan uyt&ka we be greaﬁvf‘

indlcatéd by

the 4 iffuﬁion aurrent, altnaugh all tk% axygan/uptake waa

. er, than tne unaombina& peroxiaa content _&

‘iinvolvad im parcxiaa farwatiam initially.; It ia'thought
;tnzt polgmerization is taking glaae in thase smlutinns of
,.cz~anﬁelical»ctoneugA~w;fé~e>ﬁ¥47*~‘ ' , frhy el
It iq kna%n ‘that. the tamperature caafficient ol polym
‘vmariaativn‘wa iarge: aa eam@ar@ﬁ ta the temparatura ecaf«"»
 r1eten* of many other reactlons, Ir khxs 1s the case: here, -
nthen deareasiag th@=temvaratura'mighf~d$erease«the=pulyw :
,meriaaticn without. affacting the a*ygen uptake of <J~angel~ |
icalactona appreaiablaa The: rasaltﬁ af three axygan uptaka
.aeterminatiana at Q“O are graphed on: gagea 96; 99 and 98,
,In run #5, vage. 96, it appears as if tne limiting cancen- .
tration (nillinoles pxygen per. litar} 1& n0 gre&ter thanagj~
259, . This is not the case, hawevar, ﬁivas‘it~aan be seen
on pages 97 and. 98, ‘rung #6 and #7, that tha limiting oon~ .
aentration of paroxide at. 008 is s@varal timas greater uhan |
at 3500. Run #5 was. disaamtinuad befora the limiting canw'»'

oentratiun of peroxide was. reaehﬁd baeause of a clogged



‘»dropping'mercury elcctrcaa napillarj. Assamin& the. react-
lon tu he tha adﬁitan of ! Qne.mola~axj anv%a one'mola=3ac~ :
tone: to give one mole of parmxi&a, the fraeticn af, eonvers~ 

 uian can b a&lnulatad by tha sameﬂmathnd as abova for the

worh &y a°&; Thus, for ruw j 8, cwnvargiun‘waa 12.1%;, far

frun ﬁ7 ccnvarsion was 11;2#.

4 ”*3_5§yonda 1o a gons 1
raentratimn of paroxiﬁe in run éﬁ Gf 2486 x 1078 molar and -
‘ in ran ﬁ?, aonaantratian cf 0.30 %.16“3 malaf. whe actual
"conaantratians were less thah the values &iven &ue o' the :
Vpﬁlwmsriza%ian af aome af the' parexi&a;: Althauqh, the
 Gxygen uptaka is slowar at 006, than at: ﬁﬁaﬁ, the reaction
16 fast enau&h that nu ‘okygen: is di solveﬂ and unreaeted
‘fin solution until the conaentratiéh ﬂf p@raxla& approaahas ;
tne limiting conceatration.~ Thef:eagtian.thengcmugt,he a. 1
1iquid phasc rea stions '\rf -{j¥:f ;‘ : o
R ”he corrected. curves are grapnea together on. page 99. :
Again, the slmpeﬁ ara variable, but fha slepes do. not vary  “
as much as at 259G (cf, yaae %l), ihﬁr$fore, the golymari» ‘
zatlon af the. <J~angelxcalactona perexi&e ig: reauced but
cnots aliwinataa by &@crcasing tne reaation temperatura fram ;
250 to 0% i ol i S
Ag mantianeﬁ above, the. ra&a ﬁetarmining proeeqs saams_
‘to be the proceaa of uiaaolving amygen in salutian S0 that"w
it will b@ acéasqibla to the lactone far raactian. 3&% the
rate at vhich axygen &iﬁsolves will ba ﬁep@ndent on. ﬁhe :
stirring* In tmis work a magnetie stirrer bar and a mag#"
pnetic atirrar were uaed‘ With ta$s<metnaa nf mixing, the

: nlﬁ.)» '» . '



.;agitahian of che salatmon is V¢riabla for dif;erent TUns -

>fand to a aertain extent &uring a rnu. ?hsrefsre, even

¢thmu@h the rate of galym@rization iu coﬁstant ‘at 0%, ‘the’

‘~experimenta7 lines hava ﬁlfferent slogew‘

 ' zgen gtage af

his lactaue reacts with nyg”ﬁ iﬂ ths sane was'as
ﬁ<1~angelicalactnne an& »ae ofy&sn uptake was meaaure& in
the same way,; Lﬂe resulta af tnraa axy @n upt&he aatermina~
.tiona at *596 ara grapnad Qn ‘pag es lOQ llé and: lilgvr.t

the Laximun id obtained an& fmam tha acrreated curves; it
nay ba aaleuwataﬁ t%&ﬁ ﬁonversion to aeroxi&e is 1 0 in
ran wa,-a‘S% in run 9 end 9. 2§ 'in r“n'ﬁiﬂa'“Thi cﬁrrespcnds
to caneent*atians of parcxi&e of 3.@& x 10*3 molar iu run -

| ya, l¢99 x ‘0‘5 ﬂ@l&r in run e and 1»%4 10”5 mular in |
run,ﬁaﬂd Thaqe values 0¢ ceneenﬁraiian af p@ro zﬁe are -
,aeéegtivee < The aatual camaen*ratienmv%gre less’ thanAthesa’
:valueg, aua ta ymlymarigatiah 01 ams cf th@ parexide‘ |
} o typlcal yalarogram of B»ang»licﬁlactonﬁ sclution o
“is giVQn *n “igure IV, gaga léﬁ. Tﬁa owygen uytake cf >*f

| pwangelicaiaatone at aﬁ”@ 1s alawer than cz~angeliealae~ ?~
tone at either of @hﬂ tzm@eraturan stu&ieﬁo Qaygen ia'f%t~
*_diSSOlVGﬁ 1in these aulutionq as qhown by evan the carlier f ‘
- polarmbrawﬂ‘ Thn mxygen wag nmt ra&cta& umth the 1aotone 35? 
as fast aa it dlsaolV$a. After the aaluti@n was sﬁirred
‘with exygen for a p@rﬁo& of tlma, Qonsi&erabla exaass af

oxygen Wﬁq ﬂisﬁolved 1n,$olutian aa vhaﬁm by tna polarogram,
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‘ﬂﬁbﬁ&ver‘ if the ‘solution was Left for a period of time
p;wiﬁn the Oﬁlf contact netween 301nﬁioa aﬂd exygan dn
Jthe! 8 mm. eapillary tubing, no. mﬂra o aﬂ dlssolved,and
'?the‘oxy sn alraa&y in tne solutian ﬁenra&aeag.y$t~thef
‘ésame time,~ he eonaentratlan of: tha percxide inoreased -
as. snown by tha pmlarograma.i»ﬁhara ara tﬁree GXAmples
:aafutne«pnanumenenféust axscuusaa mm run 310, poiits 4
- iand. 5, polnts 7 anﬁ 8 and point 1} and 1850 mhe reacticn
~ﬁiﬂ»aqliqaidTphasa;rea@tipn:anﬁufrpguthe~yrageeding\ais~.‘v .
_gcussianwitam&yﬁhgV@ﬁnaia&aﬁ;thaﬁz&ﬁkvratéfﬁétéﬂﬂiﬁiﬁg=5\ 
ﬁpxoaessffmr-thiszraa@tidnﬁiSJﬁhﬁTtké;&isédl#ingidfwoxygén"
as in the tase of 'G-angelicalactone, ‘.mé:t}eaa‘?,tﬁ ‘the Tate
-determlning step here is the roastlon ga...;fff lactone gmd
gy T e
r:&Tha‘Qarfécté&icurvég?arsﬁgraphea*ﬁagethéﬁ“enﬂpége? |
- 112, The slopes of the lines vary with the different runs,
;ﬁawéva#;itﬁefxan@éibfﬁtheﬁélaéasiiﬁﬂ&étiéé‘g&é&tigﬁ“the "‘:
range of slopes for' v,os;-m’:galiéalaémm at 289 (efi page 91)
and ”*eater ‘thon the Tange of slepea for <3~an@eliua1actone
“at 0% (el page 99})},, ' The same results would be obtained |
"if-palymériZation!wafé3takihgfylaca;in\tha'gﬁ*angglioa#a~'
lactone solutions atv differsnt rates for ssioh run, ' It is
 khown'that  P-angelicalactons polymerizes readily, ‘hen
-~ tuls 'mmne i distilled, them‘is alwdys ébm!a*s.*ignf -
coloraﬂ tax laft in tha stxll pat, If the perozi&e faﬂms
a -polymer, the result wau;& be aw 5hawn here, t&a observeﬂ
yeroxiae ooncantration as shown by une diffusiqn current
'“lﬁﬁﬁ



"1esa"tﬁan3tha?tatﬁl gsrbxide;fgﬁmﬁd]§§r litprg3s;shpwnd;,e
by the uxjgcn uptahei Itkisrheliéveﬁ’ﬁdlymsriZEtién is -
‘taking nlace here. - The: factara af;ecting tha polymeriza~«~
tion are unxnmwn an& therefare unconﬁro¢ab3e. Tris is
~balieved to be the reaaan far the difrerent rate*4af
.polymeri?ation in tn@ gep&rata runs. w{éﬁf?f:*fisa
LAk 09, $~angeliaala¢tsne raacta with oxXygen very:
'alowlyuénd inyHt0.aagmal1~extan%&#;One oxygen ‘uptake de-
term ma‘ﬁi"m‘:i was nede at 0% on’ ’vhan\gmi{saiaétm and ds
gxaphca on pama 113* It is ‘geen that aeveral neﬁa%ive
- values fmr a?ygen ayta ewwere th&inﬁ&“ak'%hﬁ start of
the runs &hlS is ﬁne to the cyyrcn ﬁimaolvaa in the: huf~_\"
fer aolutinn iaaamyletely remaveﬁ 8t ths ﬁtart af ‘the -
run,;~3incerthe‘aimaalva&;czy@eﬁ:xaaets;withxfaaflastcnee5.
s;qwly;jmaatgé?*tha:axﬁ%%nfaxiginélly;ﬁisaax#éa;anafun~
rea@téﬁ isﬂéﬁillﬁunwﬁaate&1@ith~tha~3a¢tanéﬁat the time

of the: firat few polarogrems, The ﬁe@rezse in vulume nf
therquaag'was1le3$»ﬁnanghhegvolugg.gf;oxygeﬁr@msgolvea;
in&smluﬁi&n;‘*in the~bal¢ulatimns; the volume of oxygen.
digsolved in solution (unreacted) wag subtracted from. taafi'
- decrease 1n valuwa of oxygen and ir thege cases, a negatlve
value requlteﬁ. The wa“imum ﬁonvergian here is 3.9% if.

the asoumptian im ma&e thaf one. mole oxygen reacte with
one mole lactone to give one mgle peraxide& This cor-
_responds to @ concentratian of 8.2 x 10%4 melar. The same
(approximate) oonaentrati@n of peroxide was reache& in that

cege af czwangelicalactone at 0° in abauﬁ an hour raaction‘

ml?;‘?.*



Ctimed In tii° run with' Bman%elicalactons thls concen~=‘
: tration waﬁ reaehed only afﬁer 5 ta ) hours, ?herefcre
"the study cf the axygen uptake at O° of Bwanwelicalactone,

was diaﬁontinu$ﬁ¢

qince Pnan&elioalactana 48 preparea fram <a~an&eli~
f‘calaatbna, it was &t first thﬂﬂght th&t th@ polarographio
| wave at: E% of: nl.aa might be. &ae ta impuritiaa‘, Bﬁwevar,

a.‘repeated yurlfieﬁti@ns of . the B~lactcne us ﬁiﬁanssed in
*ltn@ qectian on p“epaxatimms failea ta give 3@%3 Taetana Jv'f 

'v'vnieﬁ waula nat give tnia wnve when &1@501Ved‘_ @herefore,,‘

,tne;n@rmxi&a is forxeﬁ fram ‘the ¢ P~lactona‘;;_yf”ﬁgiifgawf 

'ﬁ,i;ﬁ;métibé m,_.,w:z, ..Mf.iésﬁ fﬁ‘ "°‘-\ &35@. E-&ﬁ-.-“am““’m L

It was nct originally planneﬁ;ta make kinetias Suuay%  -
\‘af the ongen uptake af heaa laataﬁes anﬁ consequewtly,
no special pveaautions wara taken %o insare very accuratef
;timﬁ meamuram%ntsg KQWLver,«uhe éx;aan uptake vs tlme
is‘@raphad anspagevlﬁ' far‘cznamgeliaalpc»cna end page
1116 fox . Bwangalicalaatmne.y as as cam@&riso&, 046 wiili-
‘h@la ox;gnu per liter swlutiou ig 78 actad with <z~an@eli~,‘
'ealeutone a% ﬂﬁO in thirty three &&ﬂﬁ%@h, with <1~angeli~*‘
~ calaétone at’ OQ in fortjz¢ou;.mlﬁutes with #«angelicalaom |
 tone at 85° in sixty seven mimutes anﬁ with $~angelicalaa~
‘v’tona at 0% xn qaverwl hours, The hinetic& data for Bmang»
| eliealautone at 00 are inaccurate and no &uaotn ourve could -
be drawn thrau@h tne paints.ﬁtﬁngr&foraiut@ezaurva‘is not
inGludea iﬂ;this t@gsisg; f Ry | |
- o oaase.



In tne yreceeding discussian, it wag mentioned that
a maximum canaantratian of peraxi&e attained was about 10%.
f,The range nf eonaentration from 0 to_lO%’is‘too\small to
ﬁebexmine tne arder of reaetian;v Eéfh é'graph of goncen~
tration Qf laebona Ve time and log nonaentraticn vs. time
are nearly straight 1ines over iie snart range of  concen= s
tratiana of peroxide abtainaa here,, Hﬁwever, the oxygen
uptake af tnese lactones appears to be a. first order re~

Polarozraphioc Redustion of Levull ‘, “M and —-*——-—-QI--—M";M‘ droxy
Valezglaaﬁune - PR S
 Since cx«angelicalaotane is prepara& from lavulinic aeid,
impurities of levulinic acld might be present in both lac-
tones. Thia im@urity wuuld be prasant-also, if any hydro~
lysis af tha lactone took. place* ﬁha polarcarams were made
on lsvulin&e aoid in the same buffer sblutiona as used for .' 
the polaragrama of OG- and Baangeliealacﬁona. Tne results"
are given an'page 119. There is no yolarugraphic re&uct«
ian of levulinic acid in the pH range 4.84 10 9. ﬁO. This
verifies bha work of Schwaer (145) wha faund that levulinio_~~
acid is nonmredueibla at the ﬂrapping meranry'electrada. “;

Gxidation of p~angelicalactone gives a &1hyaroxy oom»hjf
pound, Some of this dihydroxy nompaunﬁ, 8,3~ﬁ1ny&rexy’valn L
kerolaotone, wag prepared as given 1n the sestian on preparae
tions and polarograms made of solutimg of 11:., The solvent
was the same buffer solution use& in ‘the nxygen uptake

«130= S S



datarmiﬁations ‘The results. are on’ page 119¢ """ “There is no
Palaragraphie reﬁuotion at a pH at 94664 5w~'m"’ R
Polaragrams bf ‘the twa aubatanneg mentionea abcve
-were made in the @arliar part af this work to determine if |
!ﬁhﬁy wera tha substancs giving thﬁ pblamagraphic wave at
B} ~1+82, Irom the above discussion, 1t is evident that
atnay4ara.ﬁat'ﬁﬁeﬁréauaihlafaubstén3é7a365tﬁg'ra&@ationaof"

,perox&d676£¥ﬁaaaﬁuraheﬁ.l&dténes;is?rufther‘subatantiéteda“

| ngtulata& W of 18‘ gmat;ﬂn ai‘ tha Perw:iﬁe of o=

Tha halr vave patentials of tha 3ercxiﬁea mf A= and

K B

, #u&ﬁ&@liﬂﬁl&ﬁﬁﬁﬂﬂ% havn been found to be the sama, namaly,
,~1»53;vm&t ?g¢ 3@91@;9_33~m63$iﬁﬂéﬁ.iﬂjﬁhe‘ﬁﬁﬁtiﬂn on -
History in thie thesis, the helf wave potential is quali-
"tatively charaatériétia affthé‘eamgéﬁﬁﬁﬁﬁéing»reﬁuoeﬁ. “
_Therefcre, barring an un&ikely‘aainciaenae, the reducible
,paraxide farmed from . cxnangaliealaetena is identiaal witn
the reducible peroxide fermed.fram $~angaliealaatane.,~

~ The pemmxiae of these laatanas is. absent in solutions .
with pH less than 8. The mechaniam otnfozmatian 0f.the
peroxide musb then take into. aeﬂaﬂnt‘thﬁ*fufmﬁtian of par~1f 
"oxides only in basia»aalutions and tha fnrmatien of tna |
‘same yeroxiae from O= and ﬁ~angeliua;aetone,..~ |

The first atep in the forma%ian 0£ tneae peroxiﬂea is -
tnaugnt to be thﬁ removal of a hy&ragen ian from the lac~

tone ast .
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*; P«angaiiﬂa&aatané

‘;Thiﬁ 19 an ionie reaotion. The‘ian ’farmaa are bases anﬂ

'“in an aei& aalutian (ﬂr neutral)j,l§

*ylaae with'a‘resulting aancentr&tianvnf 1on vary law or

_zeros Rather; iﬁ snould be state& thaﬁ 1n an aoi& er neuu ;f
'iftral salutian, the hyﬁragan 19& i$ nat remaved, E&wevar* |
ir tha amlutinn 1s maﬁe basic than thaaa 1ena, the hydroﬂ/a
,gen 1ans will be rammved; ?nr thaae 1actonas, a golution
"witn pH a or graatar is saffieiantly basie that tha hydru~,
"’gen ians ares removea. PR e o |
On exam&natlan af thﬁ ians formed as abuve, 4% is seen
that tneae iona hava a free elaetrnn yair aonjugate&‘with
a anuble bond¢ These atruntuxas ean tharefore rosonate,.
lﬁurtner axamlnatimn of these lons shnw that structures I

an& II axe reaonaaca fanma or the same 1an asi

g - S0 S om SV o=

A It eannot ba this ion whiah is raﬂuae&,ah the &repping

meroury eleatrode, hacauae if this w&re tha ease. thera :

i“.?:“%?zf



‘would be na eorr&latian beﬁwaen 0xygen uptake and difw
rusion current* Reacticn witn oxygen will be auca as to
forn, ﬁhe peraxide with the lowest energy of fbrmation.,"
‘ATnerefore, th$~§eroxide fﬁrmeﬁ is the sama regardleas af
| which lautona 13 the saurae ef tha ian;=;w‘i§%afa | :
: Ib WRa faun& that $uangeliealaatane foxmea the par«.[  “
oxida alawar than <m~angelica&actanag If ‘the: ra%a deteru
‘mining step 1& the reaetion af tha 1onlwith oxygen, ‘the ff
rata of paruxida formatian~waul&@ha tne same for solutionsf'
- of" <J~angalicalacton$ anﬁ Bnangeliealaetane. Since the
.rata of geroxiaé rermatimn is net the sama for tha two
glaatane, it must he th& removal af hyﬁrogen ian which is:

ﬁhe rata ﬁet@rminina atepa \Thiﬁ is in aampleha a@reement u,<:

:with the madern i&aas ‘of &eﬁaaanﬁe* Examination af the
 atruoture of #~angelicalactane shows tnat it ia a gons |
~:3ugata6 mal&anla Witn resnnanae between tha carbmn to‘,-:n :
carbon double bond an& the ‘carbonyl group, un ﬁhe ottier ‘”'
hanﬁ <z~angeliaa1eatana is not aanjugateﬁ an& tharefore
would ba expeate& ﬁa ba a stronger aci&« By lass ofa -
,hydrogen ion, Fz~angelioalactana aﬂangas from a. non«raso~
”1nating moleuule te a reaanating ion whsreaa the Bwangelim ;
"calactona is a reaonatingymaleeule and anangaa to. a resou .
\nating ian‘ Tharefara, the inereasa‘in gtability 1n gou
1ng fram 8 moleaule to tna xesnnatiug ian 1$ greater ror
the <z~angelicalaotane anﬁ tha apee& of removal ut the
hydrogen ion»ia greater‘ B hi REAEALY ,', AT o
' ~Waich ion re&cts With cxygen tm give the re&ucible |
| ‘ -14:a~ R



'»peroxide 15 nat as readily ayparent as tha\formation of .
}"theae 1ons» ﬁawgver, by exa&inatian of ions I and II
above, i% ia deen tbat whiahever ion is attacked by the :
‘»oxygen, thﬂ resnlting hydraperoxide is &’ nanzugating

“molecule anﬂ is tnerarare atabiliaad by resonanoe.

m%»?aca?ﬁ “3w~ @%*?wﬂa?ﬁ
“xai”;*-.f*if*fﬁ*‘W‘*iniW“*?i“xng“Lr

rif tne atﬁack by Oxygan ia on struaﬁara 15 tne hyﬂrapera :
‘cxide group w111 be next ta tka earbanyl grauysk %his ",
grauping ia prabnbly less stablé ﬁhaﬁ that farma& by the ?
attaek mr tha axygen on atruo%ure IE an& the canju@ation »
ia nat continuaua. In the aaae uf s%xubtura II tha hydro~ 
peroxi&e-group is remavea savsral aarbnn atams fram the
carbonyl graup and cenjugation 13 centinucua« ’%c&arn
electronio theary in&ieates structura II as. mare 1ikely.¢
in ganaral the’ tharmadynamiaa af the xeaetion of ‘the
oxygen with thia type of ion are unknnwa an& no ﬂefinite
eonclusions can’ be ﬁrawa as ﬁa the atruutura of the hyﬂra~
peroxide formeds e _‘

Slnce the rate determing 5tep is the removal uf hydra« ':
gen 1on, tﬁs psraxiﬁe formation is a first Drder reactien. ﬁg
This wag. indicate& by the kineties- dataf but the kineties

date is tﬁb 1naomplste for a &efinata aoncluaien, ‘

Index ,_g, Refgaatian of a~ and

-lléﬁL,



Anwars {1&5) repaxted the refra@tive indicas of these
llaataues aamparea ta saveral ﬁifxerent mave lenghths. Howe
“ever, tﬁia aemsﬁant aamgareﬁ to tha D line of sodium was.,'j
,‘not found in his work nor. elsewnara 1n the literaturea In: f
 tnis wmrk, the rafxsetive iﬁdiea waﬂ measuraa with an Abbe -
 refraetemeﬁeru Tha rssulta ara given on: yaae 120‘ For K
_angelicalaatone, nﬁ 1@ 1‘445?, far $~angeli¢a1a¢tone,

5 is 1*4552‘, &he prababla error 1s 3 e.aoaah
v:r.. smmﬂsuwa zm ﬁfuwm v*oma: '_ -
s “I‘n‘ ‘t‘ha' b‘y@ratmf *bf-: 'ﬁh"é‘ ‘irea’eﬂm' fc‘eii;‘ -‘tiié"*aniy aif- -

fiaulty anaounterea was fraquaub alagging of the: dropping
Jmeroury aapillaryn ‘Sinoe the. &apillary eould ba -6leaned
with aycleaﬁxane but ‘not with ailute nitrie aeid, the clog*
'ging ia prabably eauaeé by the silioona greaaa use& on.
.@¥9;3?§“n3~31335,391339 VWhen. putting th& eel& togetner,
considerable care was exerclsed to keep the greese off the
end of the capillary. Therefowe; it is believed this grease
h&s'a teﬁﬁéﬂOy tc areepa & grease that will nnt ereep |
anﬂ 8lso wilk not dissolve organic nampeun&a ‘would. imyrove
the aperation ef the aall deaigneﬁ in thia'wark.

A,grapu af time vs exygen uptaka in this wcrk gave, a f,
ammotner emntinu@us curve thﬂn}a graph. ef time Vs diffusiuﬁ f
ourrent. This indicates the polsrographic w@mwmts it
aré 1éas accurate than the #bluma maasaremsnté; ,The use .
of a ‘manual yolarograpn'waula be more aceurate but waul&

be very teﬁioa& and it would be naarly 1myasaibla to make
| ~l44a



polaragrams as rapidly as was necessary %o ebtain the
oxygen uptake aeterminatians ia tais work¢ The Nc&el
xxz Heyrovsky palaregrapn naeﬁ in this warklgives polaro-
"grams that oan’ ‘be. mﬁasured to within l*a%i mne only other;'
.recording polaragrapﬁ on the maxket taaay knawn tu this
‘autnar‘to~givermore acﬁurate,polarcgrams ia.%he‘mcaalf.
XX E&yrQVsky palarograph, mannfacturea by ‘the Zs Ha Sar~ ’
ngnt Gampany; tha game: ebmpany tnat manufactures the
'Madel le& | ’ o | “"‘“1‘” "", sl

The oxygen volwm@,meaauraments ean ba wﬂre aaauratsly'
gma&e by a temperatura oantrol mare pr&cise than that 1n
‘thig worky It ls belleved a. eir&ulatéhs

automatic tempara%ure eantrél wuuld\affmré mmra pracise
;temperatura ‘controls Al eiraulating s;shem'was not avail~.m
,able fur this wvrk.ana the. temperature control was mastly
manualﬁ SRR o bR
| - The tatal oxjgen v&lums decrease 1n tni$ work was
,nave;' greater than 15-20 uly and often was as small as
5 ml. I the totel voluie decrease were larger, in the
renge 20-30 mla or Mrgaix:; the ?c:‘sxygen 'mea'surém'eats would
be: more\aebﬁrataa Tnia aoula be. acﬁ@M@lishad by meking -
‘the determinatians using 1arger volumas of salutioua. The
fvolume of solutian is aamawhat reﬁtrictaﬁ with the preaent
reaction aell, ‘buti'a cell can be éesigneﬁ withuut diffi-
.culty to cnntain larger valumes of aalutions. ;

' For future werm§ atudy s&milar ta the present one

on othar unsaturate& laatanes iﬁ in nrder. &‘sﬁudyvo£~the

4-145;‘.; o
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;reauction cf tha anséturatea laatane 1tself will furnish
mara information by wﬂich @na hyéragenation phenamenon,
4~prev10usly ﬁiaausse&i might e’ axplaineﬁ.' A stuﬂy~of oxy-
- gen: u@take nf unaaturated lactones will furﬂish additional‘
'ainfnrmatiwn ragarﬁing tne structure ‘of Lhe paroxides and

- the meéchanisi of formation® ‘ :

wﬂa erﬁer af reaatian of thig" péxoxi&e fc&mation will
rurniah mara infarmntibn ragaraing ﬁhe maahaniam.nf forma=
Ation. Altnmugn, in the praaent wark, a suffiaiantly wiﬁe
,range of qcnaantration to &0 tnis was net nbtalned, other
iperoxi&a fanmaticnvmi@ht da sab' ﬁar axamyl@, cyalchexene “
peraxide saema to e more’ stabls’ ‘than the present. peroxiaei@
and an oxygen.uptake atuﬁy«of eyclanaxene:mill-probablyfn-fhw
aﬁforﬁ data from which the ardaw of reaetion can: be detern“
mineds - P A R '

Eram the wvrk of Kharaaoh and naawnrkers disaueaa&
in an earliar saeﬁion titleé Hiatexy, it was shawn indirect~
ly(thatuaevexal_olafina span@aneaus1y1£¢rm perp;iﬁosa It
would be interesting to detérinine if these perozides are
deteotable with the polarograph, ' If they am, this instrus
;ment coul& be used to verify the work of ﬁharasch by direat
metncdﬁ.‘ h e b , B

1n nia publicaticns, HhAraach.an& aamworkers fﬂequentw,
'1y'mention the ase af anti»oxi@ants (cf; ﬂiatory); ,E@ 13
posaible thaﬁ ﬁhe polaragraph might he uae& tc alarify the
‘effect of these antioxidanta; that 13, iﬁ may be. possible |
:to determine 1f the affact of antieyiﬁants is to pravent .

| »146~



the formatinn af peroxides ur ta inhibit tne polymeriza~

tion aven in the pres@nae af peraxi&es~ “The present s

théory aanaerniag tha actibn of antiexidants is ‘that. they

: take up oxygén faatmr %han tﬁe aXafin. Tﬁi& phsnomenon

ey pﬁrhapa ba verifie& by ass Qf tha palaragraph. P
‘1t dis also possibls th&t fatu&efwerk~will su&gest

&refiaamantﬁ of zha grasaut methoé usﬁd tn ﬂatarmine the'

: peroxme content bi’ :ﬁ.efinﬁ v:hi.ch willsaaka pessible can- .

Hsidewabla inmrease iﬂ tha acuuraay of 10~1$% nbtaina& in ‘

t.his wgrkb f . S R A E AT AP L

m amwz

1y The reauatlen of ‘Ot and " Puangalicalacﬁones at’
ftne ﬁropyzng mercury eleatrada nas bae& Sta&iédw It wés
founa that <=mangeliaa1a¢ﬁana does not redueas~ P«angeli*
calactune reﬂuoes by a two sﬁep yraeessa “The waves’ ara
toon- olosa %oga%har for: aecurata aﬁalyﬁia of the w&vaﬁ,

B ~1*88 v an& ~l.99 T V8., ﬁﬁ&ﬁhff5ﬁhi$vagnaeaawithvthezﬂ~

| ftwo step red&ctlon by hyﬁragenzo f{B»anueliealaatana‘ ‘No
'aonalugions can he maae regaraing the nydraﬁ$natian;of<mw -
_angaliaalaatona ta give the saturateﬁ aaid by aone stap |
 process withauﬁ the appaaranue af th@ satur&tsd 1a¢tane.u"q
2 I haa baen qhmwn thet ‘OG- and Bnangalicalaetaneé
lspantanaoualy fanm peroxides’ in: the yresenae af oxy@en |
1tnat reduce at the dropping’ mercury electrode¢ ?hé Teduote
‘ion is irreversible* In aa mncn as ths b% ig «1;52 Ve
.O E. 1n both cases, tha Peroxiae af¢:~angelicalaetona
~147* :



e very. lihaly ‘the same- peraxiée 4as that formed by P
,angeliaalaatnna, }%jiﬁsﬂgww-E”‘*’“?**:%”ﬁ"*>%*~**"‘,
‘Ina strcngly basic solutien, suah ag aoru ‘goke
| Jution of ﬁetramatnyl &mmbnium bromids, tna B or the per«
~‘oxida iﬂ sniftad to more: ne&&tive valuas, By wl*ﬁsv vg‘
3*G¢ﬁ¢ ﬂlyeina-ia=solutibn'shifta~the»ﬁ% ta~m0re‘positive'
,or glyuine with ﬁha laatone o peraziaay Iﬁ ths preaence
of alcohol or aallogalve, tna peroxiﬁa E@ ia shifted o'
,more ne@ative Valnma and’ thera ara two ﬁeduetion,waves in~ o
'ataad of ones i i e e e e
By & reaetion aail has baen &eaignﬁa and built ta f? N
measure tna axygen ‘uptaké of" cx* &ﬁﬁ Bwangelioalaetone '
1in correlation with’ the diffuaion current of tne peroxmde.’
The main featura of” this n&w aell ia a.dreppin@ maraury
-aleﬁtraae wmiah is intradueea into tha ramctian eell by ‘
meana ef a;graun& glasa 3oint ot the ‘end of tne eapillary.,“
'A4 Tﬁe oxygen.uptaka Qf ‘Ol and’ ﬁ«aﬂgelicalaetone has
baen &tu&ieﬁ 1n Qonjunctian witn tna diffusian eurrenta
of t&a peraxideg“iﬁa ﬁalaragrayh oannot be ugﬁa for ana~
lysia af tne peroxide cuntent witn an aﬁcuraoy greater than
' 10% beeausa no ealibratian Surve’ aau be made with an aan
curaay greater than 10%;; Thia ia because the true concenm'
uptake due to a sacandary reaatian ni tne peroxida. Zt
ia postulateﬂ thnt this secondary reaction 13 polymerizat»

ion, The maximum converaion of laotane tu paraxi&e is
~148~.



prubably 3@ more than 19~12 """ 8.5k

B4 ﬁ lagiaax ionic mecnanism for the formatian of the 2
Qperoxi&e by :$ firat order reaetian?has been fo@ﬁulated*

' Tnis yropmsaﬁ meahanism.results“ ‘ha formation cf a’

:hydroperuxi&e grmug at the 'Tuaaxba;iatom and a double

bond betwaau.the o an& B narbon atama;f Yhe hydroperoxn :

'riﬁe haq the saie; gtructure ‘When forme& fram ‘elther O or. §57

| Bw&ngeliaalactone* Tha atruature 0f this yeraxide agreasf"'

with tna?atructurea 9oatalated by Farmer (n?. History)

of, aiafiniafpero%idas with & nydrngaroxiﬁa grou@ alpna tok
¥tha ﬁauble bqn&; SR v

‘":‘.ﬁe.: NI

“6, ~ane valua;of ﬁ%ﬁ are: re?art@d. ;his physical eonu;,
stant has nut nerviausly baen reparted in referenca to 3
the. D 1iﬂe of ao&ium*t P '

o -las-
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