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SUMMARY 

pa.trall•l tubett1 t•• 'betng ln .Qft el•ct:rf.o furnae.e. 

,tie tunee ln th• fuftlau h.a4 a lea4 Qldde eoat!nth 

One of 

lfht 

1lqu14 pt'odu().tt ot Glt14ation were C)'attebt in tj)&ps • The ~­

eoue pH&leQ Wtl)-fi ffl'>ll~et$d in s:aq,1• 'b'li>ttle~., Tlle QQ 

i!,sapl~s w~r~ Mfll.yze4 bl" e0m'buet!on attd f'lt"~~z1ng~ U$1ng a 

new tn,e of tl.fft>a,-ctus def¼c_.ibed t ·n detail.: 'l'be r-ciH.mlts <:,f 

tho :e.ne.1ys$s of arunpl\'/># eollected st fu~ntiee tempePatut>e,; 

t-rom 816 t•_ 41&0c. s.11e g1••11♦ lt we.$ found that the prt>­

dttett ot ondetlon mtt.$t be d!-trld.,ed into two gr.oup:s , called 

the o1et1n:(J poop -~ the $.lieb'y<le gr:oup • At the l@west 

tempo~~tuN• at '1h1eh the:re le e:ny Olllda.tlon, only olef'i:nes 

&1'8 fQm&d., At hf.1he~ tempe~at1lires, mole<n.ttee of the al.de-... 

ht4-~ gl'ou.p ai-e prQtaueed alao. tn tho uno:eat"d tube th$ al&, .. 

hyde l!'•aet!on p!tOfHU)de unti.l e.11 available oxygen is used. 

Tb.l& lfJ ♦,tpla1n~ by eons1dor.1ng the 0141➔, fin& moleeul&$ 

&ot1vat•d fmti aettng &$ r-ee.ctton oentex>s f'or the aldeb:ydo 

)1e$:~t1on. Upon conte.u.tt wt 'th n., t1Jl1,,·fao&;; s0me of the .01e.f'1r1e 

mi',.J.e«u1Jis $re d•aotlv-a.tod; the amount o-:f 4f)not1vatton being 

mueh i§J>~;atar in tha eatll-$ of the 1ettd eo-1\it&d tube- Hen~c, 

the-~$ -M>~ let& ttetu,tlon eont$rs tn t:he coated tube. In• 

st~~d ()f th$ s.mn,e numb.$!' at m:o.J.:eeu.les ox!.d1:&1ng to a l.$·Ss 

extellt 1.n the eoated tube, l&s® old.die•• iflloee that do• 

<>~1die• e• e0mplet0ly s.a. tb0t4e 1.n th• unooate-d tt1.c'be • fh$ 

totAl ame,1nt &f Q1ley'gen us.a, 1:net·ea$es :t"e.p1dly at f.'ir-et w1t1l 

tho tetnp$J"atu~e, und tb$n baoo1n-es tH\l~l.y conete.nt. 



Tho &ttt4f ot thG o:d.dat!on of hydroearbon1t-iri he~t~d 

tt1b.e~ ht1e bf)en eerx-it\ld wt bf many inVEHI'h1!5.aters • l •aoh1 

wae the f'tret te palnt out that at th$ lowest te.fflp$ratttrc&& 

at whiteh ti,'fI1' 0oxf.<tatt<m toe'k plilce , ~:e-oxides w~~e probably 

foJ>med ec~King te th~ equ,atton 

C~H1• + o~ - CGHis + R~02 

the s>ttbll'equen't br$clt!t1t up of the hyd:f'OtJ$l\ per-O>.t1de mol•• 

oul.0 g,1v1ng e.et!.ve exy~n \Ylht.-<th wttulo p:romots moi-e O-'-tida .. 

tion. St•ptkt~ p!\$s~ a ~tu);'e of about l mole of ail- to 

5.e moles of h$XOO@ th!tOug}.1 a i,lntt~ tub(;) hee.ted by o. 

bunsen \mime~ &nd: found that a.ldehy:des and olef.'inea ~ere 

forme4. Bcn93 Qtid bt~ (,'H>llabo-raators shO'W~d th.at aldehy-des 

werG f'em®d wh0n the normal h,-dlt'ofle.rbon• w:ertl ox1d1z.ed ,. 

Whisel9r ,a,,nd Bldt-41 studied tbe o,,xidati (i}ll of hexfUlta I d~rter-­

min1ng the smcmn,t of <>,d.dation by the total emou,nt of 01£Yg0n 

uo0d and ,est1tne.tlng the altiehydes • f o~d. Tho gl'e&tel' pat-t 

we.a t•ound to b~ fof)tn&ld<tP.-1d~ • Cellflnda:r-6 found fo:rm~ld~hydth; 

e.oetel.deh7de, t!\:tld othert romod when ti•orm&l ht!3xe.ne wae orl-

41 zt.ad. Gal.lendare tJ&V1ve<! the pQt-o:xld:e tbeo,:,y- r1:ret p,ro­

posetl by Baoh1 ,. ht·l,J.relse, f/1:nd WtnnaekeP7 aur;gest~d. that 

the flt-et step 1n tuttda,tton 1e tho forme.tion of an olE,fin.G, 

but ihirdles& th1.ntte tlltat th1s $xplmat1on le 1ne.dequa1}-e. 

Gibson $11d H1l'lshelwood111 show&d ths.t,, in the t><uaetion be.tw~H)J!l 

oxygen ~nd hydvogGn, the w-o.lls retard the reaction oboYE, 

500° a. They sny tl1e.t the x•0aetton oha1ns are broken by 

de•a.cti.vnt1on af th~ mol~eul~e of t:ne homoge-n~ot1e :reaet!on 



{th~ rilaet1on tald.ng pl ~e-a 1n the& gas itself) ti t the walls. 

ThQ1 also point out tJ1~t th:t.s effect 1s p!!irt:tally :n,f)u't:ral1Ba4 

01 the ~:rtniterm& or i.ne1rt g,utee wh1eb l~ngthen the tlnti'¼ 1 t 

t,;k(!)S th$ mol0cules t,o get to the ~,s.11 .. Pope, l)ykstl,'>a and 

Edgai-l O ertud10d the, vapor phase o::d.dat1on of n-oete.ne an4 

oo-r1cludc0d tbe.t only e.ldohydes wer9 f01:"med• 'i'h"11r nwthod of 

gas a.nelys1e was not pa:rt1enle.~ly a,e,ou.rate •. 

If OM ~w all the pr:od'Uets ot o;:d.dat!on when ~ hyetwo ... 

carbon-all' ~x-ture is passed through a heat4Jd tub$, theire 

probe'.bly would not be so metrt eon.f'liettne; t beor.i•e of the 

m~ohe.nism of rQaet,1oft• '!'he t,-.cmble lies 1n t ile ~~tr0·me 

d1ff'1.oulty, of an.alyz!.ni the p:r>-0·duots of oxidation,. Th& lar5ett 

p&x,t of th• p~esent WQ1'k biu, b~Etn takttm 'tlP 1n the devel()pmen.t 

of a gilts &ne.lfe.is nppwatua, v1h1t1b ·.will give :reiaul ts aocut>&te 

enough so tbnt their va l1cU. ty w111 be unq,:1est1otled. 'fhie 

app$.J>atus Clffe,t-$ 1?!. m«f11 rt'H~p~ets from thli standard g&n 

an•alysis appal?9,.tus# ®d will b~ ~ee1~bed f.n. dett11l . If' an 
IJ u ' . 
1mprOV$d gas an~ysls ~ppe.rcatu.s,. rmeb att d@tHit-1ood by 

5he-pa!'d11 of th-e Burot:.tt of st -antre:r-d'!l wer'0 used.,- !.nt-~rpre.t0;• 

t 1on of too :re5ults would 'b~ abeolutelJ ~r:ron$oue., 

The aampl.ea analyz. ~d 11'1 this pr,4ps~nt work war~ p.repe..t-t6. 

111 nn app .r~'tm& whieb m1~t b0 eonslde:r~d th:reG appe.r~tus 1.n 

p~rell0l, th~ onl-y d:tffe>li>©!1C® :bi tbQ thr~e b0il'lg in th$ o;g_i(la. ... 

tion tubtul ♦ 1n one ea.em th.e tub"~ we.s ooNt&d. w,. th lead ox:tdes, 

1n unoth$:v 1 t WB:S not. ~d in th$ thr1<l ease the tmt:e did n.ot 

go through thG f'u~na:oe, th!s ~tvtn.g ,1Norldi.z,~d!- hexana.- In 

0-very other pa!'t1e't.il&r1 such as 1•ato of tlow, n11xtni~e ~ti-f>~th., 
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Tho app.Qw~tus to'fl th& oolleott.on ot th0 s~mp1Ga 1e shown 

1n Hg, 1. !?be »• h&1tMe at, m1~xtU1¥e le ob,tatned bi' $tuiklll3 

eir tbl'~h llqu!d he.l£$it39 eont.o.inej tn a t .&et tu•• Wh1e 

h.'$~:f.\ne W'fUJ tJent tt U.$ by thQ $0.&nd~d 01.1 I)evelQpment Com• 

peny thrsottgb the oou_.t~e,y of ni-.• Fittt)k of ~h$t ovg~1iu,.tlelil.,. 

(U1.(l vnis Qb~a!?iGd l,)J haeid.OJHll.ti.Of! fl'• :Ptllil e¥-Ude 011 • • l:ts 

pu)'lt, te shown tr, the f$)t that !t:-s b'b.tll»g ;pol.:nt ~fil.l'lg$ f.G 

betwe~n 69. 6 Md. &t.he•a •.. StfOPfJ obt.-aird.ng thl$. h~JU!itW, 

synthetl~ he,te.,.nt> ~•P♦C1-f117 ~ -rif!-ed f ()r tn~e work wt.us !t):t). 

tt1;1ned fttom i-)ht Ea~tmti:n l.e.bo·:ratorfe.$. . How~Qf.";t iaa 1t W$.G 

m.1140 frotn l'l•Pir<>Ptl. b)1>¢m.1.dt!l, the p1."~s-0r10e ~r mtnute trti>.~ee 

of b1>0m1dos ,ould ha.rtlly be (.l:V01ded, and 1 t Vh::S fee.:r~.d tJ;1e.t 

they 11d.sht s~t al!t e•talytt.$.,. e,~te:tng rei·uittone whi<lh wottl.cl 

not te;k-e pla:ee bi tnet~ e.emple·t• aba$nee., Dtroctl1 $b01VQ 

the 001te:ne 'bu'be t'he mi~i:r~ pasa-»d thl'Qugb ti); ooppf)-r eoi1 

!Jmnoveed in f1'n lh bath. A.1.tJ v1.(±e bubble,d tll~o:ugh this l.l~tb: 

to ke$'p l t well ~t{?tt~d. . !b!is wee f .ou.1!1tl n«uJt1,s$a.rr, .in o~d0• 

t o ke(ltp tlui tempG:r.'9;tuN> arwnd the eo11 eonatant w1 tl:d.11 

f<nt>1-.te-Pth~ 9f o•c « The :u. quid baxe,n~ W$t$ lr0,pt &t :t'Qt$l t•m­

pe,x-a t:~• l)J'· elightl.i' a'bt:>ve, tho Mo11ng by ~i,e.po~atlon b0tng 

tak0n ~~e of bf ;vuttlns a b:&~ker c(mta1nlng w11t'Oi' at tt1'out 

30°0 • at>O'\U\d t .ha t~uit tube eo.n'he.!.nlng 1t. Sine$ the n.d,~t:uwe 

W'€ls eooit)d to O 0 EL. 1n the ('011.-, th-e <ll'Xtes$ hoiu1ne eof.\\d~n~et\ 

out and !1'$t.l baGlt into the tost tube . $1.> , ,h;li)~~~ vfj.po~ of' a. 
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dsf1n1te mtxture strength was obtained by th1e det-1oth As 

tb:e vapor p:r•e..snur1& of h0.~eJ1G at o0 a 1e. 45. 46 mra. Gf rn<7reury ,, 

the 1n-i.xtur:e t!?tNn".lgth <teuld be o.slcrulfilt(;H.1 tr-om this • lh 

terms ot n1. tPcigsn t&k-<&n as 1 oo v·olumee, the ox,g• 1n the 

$!~ is 2e . ,.ui volu.mee. As th0 total pt:.curn,n~e of the :mi Jth'Ul"'e 

le ~-tmo1Jphert.e, wbi'Oh. ·!s about '742 mm. 1n P~salierua., fl.rte; the 

vapor- p-r0ssu~e o:f 11rat .0t- s:t '-'l 00 is 4.-57 mm. of' ra*lN>ury • we 

have .t'<>l' th~ nd!:t:tu~e tttP(!'}l'lgth S of th~ n0xane. in t~Mns of 

nitrogen &$ 100 

o-.r s = s , .30 v-olumes I.tit b-ex{11\e -vapo~ per 100 volumes of 

nt, tt-O•ien.~ A~ thtl m!zt:ure tn$1 ri~t ttt, •t1t1~1y cool eel to 

Q-lt&O·tly o~o in tlle lltd.1. th~ &tmotlphertc pr~tHi!Ut'G variee, 

an · the p:c-@@£\U"e tn thG tube 1 a pt-~bebly not e:it~tly on$ 

!'lltmoapb0r-e, tho tid*tttt'& etrE!ng t· b Vi'Oul.4 v:aey a 11 ttle :from 

the 4'tbovs -tte.1-u~. so 1.nattH~:d or a,rn:u.--nin.g it to bo a.oo, 
thG uno~idi ~•d mtrt~ w·e:s (annly z ec~. t:Hlch tim~ :and the mtx­

tul"e ~tr-ont1th <Miil(tt:ilo.t,.fa-6 fl"Gm tho :re$ults o,f 'hh.e analyt\11s. 

It w-a$ tmmd to •~ fl"om fl,14 to o .. 2a. l)ireotly abov-e th@ 

oool1ng (h">11 th• tttl,ttuv& ente,Nd a eph~n?iod glass bul.b 3 cn1. 

1n tl1ame,tet:t.. 'llhct-• we:ro tl!u:-:4@ e~etr1o-a1 outletG to thle 

bulb v:h1ob were eoonoe,.ed by i l sss tubing to the upper ende 

ot thl',ee pylNUt tu'bn1 wh1ch we-~" 45 em. long m.·nd. had QJl in, ... 

af.de!j diameto~ of .1 em. 'fh.ese ti:fbee. w0re vertical. Two of 

them pntSsoo th~ough ein eleoti-1.e fum~t'kl 38 ~1. long anfl 

8 om.. 1:n dhmmtot-i. f.tlbe thtr-1.1 tube "htlS mounta,~ out~1dce the 

fu.~nti.oe s :s shown. in J•lg.. 1.. One of the tubes in the fu:t·naee 



h~ a e&ati.ng of lQ&d 0:::d.d~$ pu~ u;po-n it by heating t t~ !.n the 

f~n&C& and bl01.v1ng 8;1r throurl'l it ,mieri co,,te1.,;,".f..d'/ea-d -re-tra.. .-

eateh the. protlllt:ets of. oxidatton whio.11. were h$,eIVf $!'lOU@h to 

be llqultt. ThO'S& !)"1@c1'at)'tat tal:'$ callQ:d th• p~eetpi tert~.. Ee,"'h 

t1Hzmtpte w·e.e th~t1 ®1.l(l)>~ted in t,n.o $e.mple oottl0e li:<S f¢llOtrt$ • 

111&.fh ~$p wa3 t'}Ottne$.iH1d te both a long bottle of 6C;O ee • 

eapae!tf ~d tt shot~IO'r bottl• ot e.bsut 210 e~. otapl/lOtty. 

'rb$s0 i;,i,,.e lx,ttl-0a ~r+♦ l'ltmg ·ve:xittee.ll:y acrid c:onnected 1n 

Ptl·~allel.,. • The l &t1';f?j bottl,~ wns filled with ~lr, a1Ml t he 

sme.11 one w1 th me~0ul7 wb.ieh had b~~l"l fOi'"t'HH:l up into 1 t 

t~om a re.:JJ$"•o1Jt b~l;0w bV, fott<i1 ng we. t-e-l' !)•om the t&p onte. 

thi9 to,p of the ~!Pc,~ in. the r~a.e,nb1:,-. T'hts on~ w-ei!Q~-011'1' 

'\:ttlie 00,nn~Hltmi t<> tl1~ 1ibw•e ebo1•t bet-tl.et§ ,by a t~ee W&f/ 

br-tu'i.loh, the1•-$ l:>~1.11~ fA $'top eoek direetly abov~ ths 1---ee0rvos.:r. 

The- latlg bottlee \V0f>$ oonn~et~t to· th~ top~ of th'l"e$ tH.:>ttl.~,ffi' 

or fl.bout 4 ltt~t-t.it ~apete1t7 pl6.0$d. on. a ~h&1t' abOV$ the ¥"G1:)t 

Qfth~ e.ppet•(l~U$ "'-nd eaeb eontafn1ng w~ter up to a det':l.ml te 

point. Tti,;~(§ bottles h-Etd outlete '4i.t th~ battOl'a;- whieb w~r~ 

eonn0ct~d to o&,eh othor ,and to .,a tub~ whtc:b load clown to a:n 

outlet ot th.23$ em. d1tllbatQ;P• t►.he watel" being ~aught 1n an 

eG~ib&n ja:r.. Thi$ tut;,0 l-100 a T je!nt 1n it"' mll'i from lt v-:0nt 

a 1mb~ bt:a4~ te the w•t~'i" &bOV~ the morm1r:;,• which was toreGd 

up into th$ $ho~t bottl~t!• '1':ht.i l1n<3 w~a elosed at th0 st~t. 

by the et°'pe~ $bOV·$ tho •r-c:0~ :tJ•$'1iM'01r. At the etU't Gf 

a ,un tl1• otttlet t'@ the v!'rrter \lQttle-s i,e.ll O:E-i~ll'><l• a-nd t l'le 

d1 $ple;ee!IW)nt of th~ w~te~ ea.'U.s(fd a!!' to b-0 E1:1-1elu;d throiigb 

th• h&Btit1e ~ !nt;,c the throo 11ne.e • The Wt;i1H!iX' bottles w~e 



so ftal' ~bov~ th-01:r c.n.1tle·t 11:l cor..1ptl:rison ,tl th the1~ s1~e thet 

tho- fl.ow W''ti,$ c c111;J tant tt1~ou.ghout th0 Ml-th Th~ wa.toer dl:"Ol,;>!;ie4 

a-t th~ iumte l'~te in all thr~H, 1 giving e.qu$.l. ratoe of flO'N in 

the tlu-0$. line,t; • 'the stol)oock 1n the inerott:Py lblo . below the 

shox-t 'bottlos hei,ng eloucd,, tho sM!plos ~,ent only into th$ 

long bottle'$!+ /'.t t'h~1 ~nd <'Jf .5 t/r. minute$ th~ stope$ek be .. 

l.&w tho 1hot•t 0{)ttle$ ~a-"$ ;,S w0~d ~lightly I t~h0 ~l~F:Gury o.rop-­

p~d (Bl~l.y down ~-t a rato W11.1eh took it e.bout 3 1/! u1.hiut0t 

to emp~J from tho sh<u·t oottlQs • :&t1t our:t.~ th s t1.Jr~ the 

wataF f!t;bov-e th~ mt'll~e·n~y t'flYI outt 1n"t;o th$ 11ne 1~aJ:Ung to ths 

outl~t from_tl,ie we,t$"t" bettl~s . Thlei elow~" o,own the rate 

at ,vb.lob the wat0.~ d.lr·Opty~4 drl\vtl 1~ tl\e1e bottles ,. whi.eh 

alowed aow:n thEi l"ate at whteh th~ -.~ples flowed through 

t ·:1:e lenr oottl$th.- eo e:s th4'} >?eto of f'low of the w• tei­

th,:,,o·ugh the outl&t st-ay0d oo~ste-nt, the rat0 of flow of 

the t~los throll{{h thQ tln:""ee tub~e 111 ( or ,iust outsidEi> 

of) th$ fu37n$.1.t,~ was not ol1an-g0-d wb11e the l!Hlll'l1ple w~ bed.nt 

d.rawn into tile shor>t bottl~. ThE) etopcoelt above the rt10t" ... 

ouey t•ose.rvo1P. bEllO">M the short bo-ttles wu olos$6. rati ..,oon 

a th~ t1fbtHl.t •·f!)-t>G comy.:l.otely f1110d w:1 th srunpl0m, wh!eh 

then osus0d -11 of the gn~ to flow &gain thPO\Jtf~ the long 

tub@¥! until th~ wa.ter tn th.e bo-t·clt)s reached anothet-. d~f• 

ini t;~ msr:k~d po1.nt,, st i:.b:lch tini~ th~ eutlG>t wai clot.1f'liL. 

The tot~l t:lm(Je. or coll ct1.o.n ws.s the fs-mme 3-:n ell oe..se:e 

v:i th.1.n a few a~eon:d~, be1Ng about 10 .-5- minutes. !mmedi .. 

e.t ~:ty t.:ftl!U" tlne !"\l?!l the stopeoe:k$ on the a0.mple bottloa 

w-er0 closed "1nd they Wt"& eovtn,•G-<! w1 t h blm.ok, p~.p·eT'.t antl 

ktpt u11der th1.$ :u111tt,l t11ey weJ>e aruuy z 'SJd., '?11~ sr~plee 



long bottl0s t , 4!ilr$ l,n\lpt in r ·es~t•"v~ , t"And WE~rf?.l not us~d in 

any of the a...1<1t11:,~~e di ecuEHH~d 1n thi. ,:;s pe.petr ·• TbG s1.;t. 

ssmpl~$ to oo di1;H,uss~d h~i~e wers 0011~et(!l}d. ,..,.t t0mpe:r&-

m.ometeF 1n.s~r,,to-d. ln th& top or the fu:1.-.nse~ s.n tl ~xt~ndi.ng 

18 em. <.:iown ltltO 1t. 'rhe f\11"n~e(lt took about t wo hourfB 

fft r--ui1 th~ tenap~i,atu1•e- J>Ose du~ to the h , et gi-v-(lltn off 

bf e-,::S.det:ton, ~xoept. bt tbrq oas~ of t;h~ ssmple at ~515°0 

which W"6\e. no-t oJtid1~~d 1-;o ,iny 0xt·Gnt • In t hls e~.s.e there 

tba» th5°C . th" ii v sre.g& of t hQ t r,,:mp@raturee 'i?hil,e this 

s an1ple wr~~, bii 1n.g ttdten :t. ~ i1e~d ,ui th$ t~mpe1~atura (u.t 

whieb tho g$$ wes coll(+~t$-d• 'ir'he t eHt1perature ehr,ngea f'o~ 

th.e tHt rH,e ool!leid~ll"~d ar e glv~n b~low .. 

~15°0 S4G•O 3r79oe 598 i)O 435(,C 463°0 
Time Sample $~la S8fflp,le l!'/.~ur.tple Sa:mpl~ Sample 

o .• o 1nln 318,\J 6 34J .•. o 36'7 . 0 390 ,.,0 4-29 . 0 460~0 

a.o :, 1s.-0 ~42 •. 0 371 . 0 oo:, .o 431 .• 0 461,0 

4.0 31~., ~44 .,0 3?6 , 0 306 . 0 ,tiJ .o 482 .. 0 

5 . 5 315 .◊ .i4s ... o V '/7.6 ;:sr;,r1 . o ~i;,4 . 0 463 .0 

0 . 0 314 .-25 347 . 0 se1 .o 3©9 .,0 436 . 0 464 .. 0 

10 .. 0 314.0 340 . 0 382 .0 400 -,0 4 i6 . B 465 . 0 



Du~ing a. ivun, a vlb:1 t(e. tog e.;rpe~l:'0d Ul the fUMllPl• 

b-ottlcu:i oonn,urt.ed to the uno~•atad tub~• tand a v~ry sll{#lt 

bluish f:og in tbe bottle.tll eom~•Ct~d to the ool\ted tu.be . 

Th-ese foga soon dis:a.ppoare.e.. From o •. 3 to o . 4 oe . o~ 

l iquid (Jr.eeip1 tate ) oQll~et·&d Ul'HiG'.t" the nneo~te-d tuba 

d:ur111g a 1,u-n, and )'-01;1.ghl:y -li>nfh•th'it'd of thto ar1.1erunt o-Gl ... 

1~0-t·e~. n.rid.Qr t).1~ e,o·t: tad t'tlb~ . T h &BO 11q'ld .. dtll will b0 

identified. wtth t;h.e pl'1011t;.,cts of the aldohvde reant1on 

to oo di$fflHH.te-d l a te,~ .. 'f-11e 11qu1d under the 41}co-: ted t-u.'be 

fllowly wolv¢id .a ~QS,- whieh p1t""$V1.oua 1nvc:11st1&"stim e by 

w. th 2,m1ko·"M$ky , und¼'i:r whom th-1!!! 111v,e:sttgs.t1i,u as eon ..... 

dtu'lt-(ld~ h ~d e'bf.t~ to ~ hWdro·g~n. Wheel(!tl!• ,;,,t1d Bl~.1r ~ 

ei;at.o thet ~<>•~ or th toi~m~l.iie-hyu fonnoo d000:mpoeed 

vr3 t1'k1 the t'or~tloh of' h:,v1:l1"'0g~n, 1:hts <tfvolut1on o:f' gas wes 

noi; obs@.l"'Votl f't-om the pree1J,>1 tat~ un-del" t;he eoatsd ·t't1b~ . 

•rnl® p~c1p1~ tate wiui not ans.l.y-ze-d in th~ pI•eaont p1-oal,nn,. 

but as thf} oompo-n:ttion. of th-e i'.'e$t of the p1PoductfJ wae 

.found,, and the tnl t1d sub$ttL"'l~e entering tbe tubes Wt1S. 

hexan~ ot kw>·tm 130I'J.e-entvf;!..ti on, W'{9 oan wl"1 t(!) the <Jmp:t.J?1eit.l 

:f'ormt1la of' tl1@ JJ}l'-ec:1pi.tat0" -•e will oo sJ:wwn.- Bt:>fOl"0 we 

O'Onside:r t.he !"-$Sul te of tl e a.nnlys1s of' the gaEteou.0 pX"O, .. 

duct.~ of oxS.dai:rion, 1t 1s n~ceesal"t to d1.sotusa1 Mie s.11paral!i!' 

tue uaM tei~ p0-:r,form1ns th!$ sriuysis • 

T'he appa,:r•e.tus wh.'teh will ,no-111 be tl:etHlr 1bed should g!.ve 

t'(H1ult;s wn-1.eh eire mueh m.or-e e.ccu'f'.ate than th0-'50 wb.1oh would 
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be obtsilled ·by_ using any of th~ s-o .... ,uulEtd st~ndard ~ppar,atus . 

'Th.G e.xaot tn4}thocti of use. of th.e app~l"e.tus ae a whole will be 

gi'v.Gn v!hGn the enalye:ls of a typical sa.mple 1s dtu~o~i~, 

and the U!'/$$ o:f t,he e.ompon·m:1t pQ:rts will be d5.eeus&~d \Vh$n 

they &re d~serib(ttd-, 4'ho ontll'~ atHlm.ll.bly is eh.own in Pig .2, 

t,n whieh th$ followtng e.bbl'EJV1E\t!,on.s ar-~ UStl·d .. ;N:l•tuUng i ll'"om 

left to r1t;bt . 

~­~ 

. l ght M B 

Py?:>Og&llio Ae1d Solution 

i>ereent 

SpQG1t1c Grav1t7 

Fr,uu-~1 ng Cli~:i-

Lef't Mtull.Jt:rtne.; l3'tn•ette 

Oembustton Ohember 

Right M~s.truri.rlg B'tl ti~tte 

TJic .Mt;o.&¥,f;t,pg ~~et~!! The ~ppe;t-$1'.us contu1ne two 

~a$ur1~ burettoe. oeeh of too co . c:ap&ett-y. 'the r1e;ht 

bul""ett.e is UE:ed onlt fot> tb.:e $f;.O-rnge cf scmplen e.n.d fol' 

eorta.:tn pump1n-g operat1on.t , $nd .1~ not iised fo:i, e:ny ·m~mfru?>o• 

ment@• l though 1t ~uld be. Thl,s burett$ ha@ 0 . 2 ee., di.Vi• 

s 1 OM, •t.1.:nd ia sut-ro,1n,d~ci 'by n wat~tt j aoke t to -a.vo1.d sucld$t'l 
,, 

oh n,.;e~ o,f t0mpe?'.e.ture • ?h-t; l.o.ft bu!',ette 1s the one used 

for ~ll tnGa.su1-em.~fnt3. It has. 0 .1 e<; .• d.:tv1s1ona1. tmel all 

'b~11 te 0011&1,. 6 em,. high 1.ie fi tt,$d snugly a.bout t :wo .... th1rde 

of the d1st~rH)e a~-ound th~ water Ja•~k~t s.u;rro,mdlng th~ bu:rtJtte 

and th& tn-Rnometet ~. e.nd to th.'0 b:ott~ of this is f1x~d a pie.eQ 
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tlt",t.tn0 hoY.>!,mont.ti;l plrdie & S tht& 'COllt!i,r ., ruid the ¢Glll'\l" t ·s 

turned so th&t the ~X'tlln$ltt<!t~nt seJ:•~011 is behind t h$ 

b"Ur$t'te a 11d 'b0tW<:l~rt t h~ eye 8J'id the 11.gh:t bl:ilb, giving 

(ll. br:t:l l 1.6-ntlJ 15. ght-~tl N.ol d ,. T'bie J,'U'ftc~ the :t)ttl"t of' tm1 

eoll$:~ whi,(!jh d.e~., not h ~VE) the ser·e{)n hnl'lg:lng I"tNJm 1 t 

out 1n ft"'ont v.rhtH"~ th~ t~ye ts. 1~1'1& eollti.!.r IDr.H,\ tlte eye 

el'e moved np eind. dO-'h'ti untll , vrhQ-n th~ col lar 1.s t w1Q seal& 

dtv1s1o:ns a.be>"<to the th:ip o·f the tn®J!'Oury m~nleeua ., t h et f'l>ont 

end back ot the eo11al• ar~ :tn tin~ . The 11.{;J~ ~;ht o.f th~ 

meas,1:r•~-:m~nt$ ~ mencme-t~:r eom.ta.i111ng n.oibu't,'l phthal t.; t~ 

wae ~tttieh~d to 'bhe 't().P. of the hut>$tt0 whet'e th0 elie.ke~ 

now is (a11H3 F1 .r,~ . $ .. ).,. N ... dibu,ty-1 pl:tth·elata Wt;1.s ,,.~~-d a;g it 

leeks <lown: tho wdl5 l:"$_p1dly· ttnd eomtJl i®t~ly,. d1fttia1.on 

t hrough 1t ,s r:J$gltg1bl~ ~.nd it hsui .t\l. d~nsit y (1 ~040) 

burett0 ls (itl.Waf$ saturat$d td.th w0:tfJl' va.pot"• $?ld; t .he, teni• 

pet'sture of thG f1Ur-rour1cting wttter 'btath e:hrangeSI durtln-5 the 

ecnr-se ot an anru.yeis , the ot,h.~:r ~nte'\ of the. •nn.ome-t~ ·~(..S 

eonn~e t•d. t o !'i clo-eed bulb rurmin~ th$ length of the w-~t~!t 

bath emd eorrtain1.ng ~bout eno <,th. of v ... ntGr·, ao thi.,_t. th$ s.:tr 
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in :H~ 'Vh;.r1 a: atvrnt t,d . '1.h:t e e.lr wt~s et atmo.sph,~ric pl"@s rt-ure 

~, t the ttmo of f'i %.lng tho m~.no:nr~t ~r or. t o tl"HJ bu.lb !I! ifonc e , 

ZtS the t(➔rt,p ~rr1t11t>t> ohtinged.; t he pras~tu•e on bot;h s:t.de:3 of the 

rnsno~ t i?.l'.' ~ht..\l".ig(?.d by th~ s.o:m1.1 -~mnuntli tmd tmforo i&faCh NJa:d1.ng 

it: W!U~ rn'-i!rely 110-e~IHilQry to o Jff!l the b-crret. t :~ to t :re Ii1Ul1..:)nu,,tGr 

and brln,g the l.ieyt1id ln the t wo a l:~ S to th& Ss.Rl0 l ev,o1. AS 

tall 1~esli.i.ngs wer9 r0-c:h.tc-0d t,::, th1:>s-e 1,n ter:ms of the :t1nr.l 

r1ltt-ogen e.e 1 00, 1"t w&1e ~ e,t1 nee-etrni\l'j/' to kno·-;$ th.'iil ~totu~l 

p:t:-$$ f.'ll.ll"'e tn the er.:".lmpent1at;ine; bu_lb t o vrhioh the me:.l1J:>m~ teil-

wae 1;;1.tte.ehe-d., Th~ u • 0 1,)f t.h'i~ nl"ran.ge:me:n.'t wa.E- the SO'l:t:t'tHl 

t.>f: e.1i$h:t 1t?-rr,ori1 1~we-ver" lJnl~s.s. t-1$ pre ...,sures i n t hG 

b.ur~ttr, a.11<:l. e1,m~neat,it1t: bu.lb v:tet•e G.%$.Otly tho s~me at 

the mom~nt; of op~f'l:tng the bul''e t t~ to tho mfUlome te-i•, t he 

litftll.ld tn t'l:10 \t!1l.n.om~ t .e;;, moved and ~ smHll nmcnmt of gas 

e l thf:lr r:H.':fte;.;r,afl t ne :fr1anome.1tflr tube f' r o1It th~ bu.N.it:tG ., o~ 

v toe vn."'ti3a.. '1¥11011 th!@ lev0ls were brought baok to 'th(', ea,1'1,9 

pos::l'b1.o.n,, net t:i.l l o.f th ; ga<f.J r~ent-iir~<'.l. t h1:, ves«.c: :t it ,,,.~.$ 

01~1- gir.uilly <K>iltit!.nod 1.n1 &~J"e~ts.1:1::r l f gas e,ri't~r-ed tb.~ 

b·u1"'0tt f, fro, · the <.\iill'>tlJ c~ry manom~terr tuoo d:u:r:l.:n~ the fl:r:•:;.·•b 

movemHnt .. Thls mr~~ n<; d:l :ffereno~ in a. s i ngl~ 1mHisu.1~e-1i'.io·rit , 

bu t n.s th~ gae nex.t m asu:ra.d was . 1n g.0ne1,·o.l.,. diffo:ront,, & 

to;r~tgn tg!l.S w~s ;t.:nt~o du(l4lQ lnto 1 t.. 'I"hi~ ~0u~¢e of €•Jr:t•.oit" 

\.~ou.ld 'btrt a-ona1d<n•~ n@g1ig:1bl , lif ~ve·n the e ar·ef'til gs.$ 

~tml1·$t, b·ut it wc•ula 1.ntroduee en ~r"N)r of po~eibly o . oi 

.ot- (h O-':?: c'1., v.'hieh 1s qu,! te mea.s:ur..able wi tb this ll¼PJHiratu:e . 

:rri ox•u$li'· t~ )?·eeh:t¢·() t his e~lt"or to one tCto tnnall to be meanu~ ... 

(#4_, $. (H'Jl'iipetuie.ting d(r1:ie<0 wss 1.nstallsd whl <;h is sho~1 1n 

Fig. z. 
ffhs ~&- of' a thitt glass dia:phx•ae;m to :rneaz.;.ur,0 ehf.l.nges 



ot pressure ls not new-. D6111Gl.s an.cl Sr1ght" 2 plf.it1n1z.e-d a 

thin glQ@s d1aplUJ$8J:11~ wh1 eh, when !.t moved up, toue-he4 a 

platinum w1ro and elo,~ed n1l e.leot:rte eil1eu1t., Kl\rre:t>, 

Jobtuiton., and Wult1
& improved Dan:telr.t and Bright ' e appde.t·ue 

by l &y1~ a w1i-e on tep of t.bc, d1&.phr~gm :tneteEJ.li of platint~ .... 

ins lt. Tld.s ,t~o movod up S11d t -o,~hed anoth&r. Smtth un4 

Ta.-ylorb~ eliminated the 0-l0ct:l'i0&l 1nli1ct.1.ti[)r by w.ald.ni Q 

i:llaphr~ v1h1<Jb el.lelt&d nutU.bly whG.ll Q eGrt$.1f1 p~0-s:r:mi•e was 

rea;oh0th. ll.1hte Wflf/1 e:a.u&l:ld 'by the d1apbl"ll:g!tlt O i'i1 ing blO'i.'m 1n 

euoh e. Wt\;! thst 1 t p·~g upwards when -a ee~tii1n pr-es su~& 

w.g1_,s re~oood• D11n!nut--,1on of the pt•$ssn Pe under lt eau-se-d 

1t to eprin.g be~k with G se.-eond (mdJ.bl~ cllek. T!t.tm 1.a tht 

type of c.U.aphl;t.pl eho\lJ'l'J 1r) v11B• :;., smd us~d w!th ~&-at 

a:uee0-ss . 11.'hey t:it-O me.cl$ b'y blow1bg .a smfd1 glas~ bubble a1 

tlle on.d of a p1~ce of gl atui t1iblng and then momentru·ilf 

heating it so thnt tho bubble p-s:rtlally eollo.pset ,, t1v1ng 

The pr0,:tumre ne~ded to mf'bke ~ c:U.oker cllele vax,:t~e gr•e.tly 

wi tb the olt.oker, es d~s tb~ differ~ru:,:e 1n pre11s-u:r~ be• 

twoen the ·up and the down e11.eks . It r.1s.y l)Q neHi,e-tu;UJT to 

bl~ ~~ 1)\tb'blefl b~fore e. ol'lek'.$?' i,av1ng t~be doet)l'e.ble. 

ohe.rae'tD:r!et:t0.s Qf, ( a) .Pepi'$duetble preseu.re ooly slightly 

cU ff'orent .t~om _ atmos:ph~ric n.f.let1&d te malt0 it clf ek, :anti 

( b) :t•eprodtlGlble ilt ght diffintenee of pt>es~u;re b'(vt\~tJ(➔.n up 

a:nd down e11ek, 1$ found. The 011<,ker used in th~ pr0-s~JDt 

1nveet1gat1on ~eq:u1r-es a preseu:tte of o . 24 p~l"oent g l"f:Hat0~ 
• 

t han a:tnioephe~!.e to Ch1UfJe the up el1ok1 and this, pt,~fH$lli."e 

mtts t be l'.'~m.1eed by 0 . 1.e pe-roent ·to givlil the d.own ~114lt• 



!n oth,er wONl$, a pl"eseur• or about 1 . e mm. o:f m<t:~C:Ul'Y a'beV<, 

at,n10apber1.e ts MO$Ssary to e~usa th& t:ip el.1ek, -and the v~ia ... 

tton ot pr-essure betwe~n up and down ol1~ks 1s allou'b 1.0 mm. 

G f 1lW l" ll'Ul';V • 

. Th~ m&n-omilter eonte.lns n.tt1'butyl phth~Gt:e and is not 

-eormeoteti to the b-urett~ t1.t tall . On0 end ot it is op@h 'b() 

the atmosphere-, dd th~ oth&1" ert11 be eotm~ctod ei tb~r ttl'> the 

~tmo$phe:r~ Qi' to the, e:nme: oomp$n~e.ting btd.b wb1eh ham l)eGn 

mt:nit-ione-d b-ef·oi-e.. I\ mu.st be l"'·emomb-e·~0cl t -bet t he eompfltlsat­

in-g bulb and Wl"$tt$ €~~ S'QJJPO'UfHi~cl ·t,y e. w:ate.r, b0;t:b and ~e 

e.sfl!i»ned t@ b-a .ttt t.11• s~- t01np$-t-tlt-ur-e . A. molst vd .clt W-4'-B , , 

plaood the 0nt1re ,, length or t..h~ oompensat~r tc 1rt$ure Wt"tt~~ 

V&.po:r ·SfltUt"att-on ~VO'r,-wh6l'G al.ons 11;:_.. A t het'mo:mete-1" !& pl&C&d 

be-tw~ffi t:be . two ~ Q·f the mM1:omet(l1,:- • This, ee:ttves th.@ (iou'ble 

pllrpo-ee ot s:tvlng the t~l'rtpE!ratu~e of th.e wat♦l"· ba·tb, nll4 pl"Q• 

Vi.ding Q eonv®ni~nt S~-iil·Q 1,rith wh1eb to l-8'Q.d the laV'~l C>I thtil 

liqtd.d in tlle two £\~$ of tb& manome1)-er • Aotu~ll.y tho menomet ... 

o,:, wa.a p.lt.ree-4 ill tr-ont !.nstee.d et to one side of the OOlnpei'lsa ... 

ting l:lulb1 af.!1 shown 1-tt Fl{h i. The 1.ntrtirument is caltb1:-.mtetl 

~a follows• ThG •n@mate~ 1$ ~-onne-etCid w! t-b the 0001p$n$attng 

bulb" l\. riy eonve.nient Mnotmt of ge,s is put into the burette, 

-the bu~-ette 1e ~ one.cl , ~d th~ 1~v~11e of th~ fflf)l!"OUl"Y 1n tho 

btlttett-e and outs1d:& t'oserv-o.ir a.:re b-l~ought to appr-o~imately-

the g~ polnt -. Then thi(~ burette ls ~onneetad. to the el1Qk o-::r, 

al!d the m@roti1'1' l$ tBlrn.vly :moved up untll th& ciiaphl"'~ eli()ks. 

This movement ll1uet b$ se elow a$ t.o b$ prao-tle{;illy indi~_ttn• 

gu!.sl:uablf> to th-e naktlld frye• ~nd is ace.Qnipltsh.ed bJ b-erely 

open1ng the stopoook t t he bottem of the bu;,ette -.vhtoh 



d."ll1 ta tha me1·euey from the res·&~¢>ii't th~ l0vel ().f th~ Ml$t•...­

eilt'1 in the res~wot~ being held not m,Jt"e th.-.m o .& em. t\l,boV-e 

that :tn th~ bu~~tte . :Ct thf3 mo•emo:nt 1s t<>o ft:i&t, tbG me~ 

oury in th;, bu~$tt,e must J;o d_r,opp0d until the clo,m e.11ok 1e 

h~uird, ~nd t11G man~uvor !'"$p~1tt.i,di• !J\1'\en t11• up e11~k is b$~, 

th~ st1>poook at. the bottom of tb~ bu.1>.ettet 1s eloeocl, th$ 

le-vel {1ftb0 liqtd.d ill th$ r1ght ( or l$ft) s-- of th$ manomGtGll 

1$ not&d» s.nd th$ l $'tt0l ()f the mGl"lltlX'1 in the b1':I>$tt,e ia :r~.u>.d., 

Th(t t•pe:ratur$ $.f thQ wiite:r bath 1$ now ehang$d by $.bOl.tt two 

or three deg~'tles by e<ilding bet 01- oolu wet:e!f" to tie .. .!ht its 

as::; that bot w·at~r ts s.ddetll. f'h-e- pr&an:inre in botb the cont• 

p~Mtlt!ng bulb and the bu.Nt~s wlll :tn.er te.ee., ~ , the lev~J. 

of th~ 11qm.d in th~ rf. f1ht aM of' th~ mat1olfi0ter ( $Ge Fit • ;; ) 

w!ll rine. Wb&n the temp.&:re.tu!l"e has ~co~ oons.tant tAg~1.n. 

the ,rolunw of tb:$ g ,f.1Jt in the b-ur,rtto la 1ntaeriuod &1t ti~ ti.a 

of the u~ e11ck , :lilnd th level :tn the :r--1ght ofim of the raanQ-• 

meter 1.s not~. Honee we htl.V4} a t1ei1t~1n ehe.nge in level 1n 

tho mati()JtWttu• ~or%'i!J$pot1iltn1 to t;. ee~t£iin oh~n$8 ~r voltmte 

of the o:r1g1Tial \i'olume.: 11 2-o it t6 1, 1~ t'h~ eh~~ 1n lo~el 1n. 

on~ ~l ot the ~Oltl$te-r, t6. V 1$ tllG ol'lange 1n volmne of th" 

o~1g1.n~t i\rOl1ll't'le. Vo, 

,6 V . . 
-- · '!!'0 Al'., Vo .n, t,J 

Wg have just determined ~ L. b. V and V 0 1 so we Cfll), eel .. 

eul:ate K,a whtob !.s• e. eon:stant of tlw 1nstrum~nt.. We znie-)lt 

.1uat t.:t'S \~ell aubst1 tut$ the f1n~1 volume V :tn t,he $.bove eq'llca• 

t1on., ebt$1n1ng ,a slightly dtff0r8nt ve,lue fo:r• th.(i) Go.nsta:nt,, 

wh1eh we w!.ll eall. E. /le th1e ttnal v-olume is the one 
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m~asured !n an annlys1$1 tht.1 Wat! done, and K WEl:s tounu to be 

,.e&Jtlo•• p~r a.edf) di vis tan of the man()nwteJ? . Tho Ntamo:n f-oi, 

hevlng ·& etopeock at the top fJf the conpensat1tm bulb 1n o.rd.:tu~ 

to ~pen the 'tml'b emd 'both tU"me o:f the fflt\nomet<3r to the etmou­

ph~H·e was the.t the l'Ootn temp~ratulr'e varied e-o mueh t he.t t ,t wafJ 

GdV1sable to leave both amns l'!)f the :manot1eter GpEJn. t .o th@ a&,_, 

when tho i .net~nt w·at not in ntH•• Othe~wiae the liquid 1n 

th& msnomete~ mtght •1thfJr be te~ee.il out ~ - aut,ke.d. beck 1nto 

the oompen&$ting tube. A1••• the alr 1n tbG «> mpene ation bulb 

e'hauJ.d t,,f., st 0<tmotJ7m,t'1~ Pi'"&&eux-e e.t th~ sta.'1 o.f en. analysis• 

ae tbe ocw:rtot1·on 4 V l• n.gO-l"GUBlJ e(>rrect only tt the pJ>ess\U'es 

in ~ omnpenstdl1n!t bull!►. an.d b~t·t.e e.r:o 4)q11fll . Ali t.he c-1:teker 

ua-ed .-eq,.ii~ed a pre-sfflU'e only ~.~4 p,1a-rc•1.1t ~ a1ler than a'tm0$ • 

pheno, the •i,ro}S tntx-t,duo-•d i1!t'om tht s se➔Uttce was less t h~ t ha 

Gxpor1m9nl&l. •&Jil'Ot' 'flJt ntEtdU:l"em•-nt.. In an. fi.nal y11~ thtl mtmometer 

wa:e eotin6CtQd ·to the eompen$at'ln$ bu'l'b '1.t the tine II or a fev, 

minutes b♦f~,"• th~ n.ret i-ead!ig • m -d tho lev&l nc()tod . f'hen 

tho l.$V01 at ea-oh bu~ett,t) 1ret.ulng• wlde'h 11et al wsya mad'@ on the 
. h 

up el1ck., Wt\ l!! noted• fte 6. V 11Jh1oh m.tt.st bG add&dA Qt- subtraetecl 

fl'om th.3 volume at ~eed 0-n th~ b'UP~tte tQ r&du68 the reta.di. r,;g to 

the same endtttor,11, o-t t&mp•t-v.t~e f:1.nd. p?'eie~uN a$ •x1sted at 

th~ bff.g1.nn1n~ or tine tit!l·@ly~!s wae tl'u1:a o-bt~n~d t,om 4 V • ltVil t .,, 

4L b~irw th• '11ttereno• betwe~n the l.&ve1 tt1 the manom-&t~r at 

the ttn. of r ,eadtng, .end the ltvl!>l a.t • t he t im~- the manometer 

was eonneeted to the e'Qrnpe:nsatbig bulb• 

'thG e.cout>a'C7 ot thte msthod of CfW:t(l)C~1on we.s rep~ot~dly 

teete~ as f'<>llbwa. By th~ end 0-t an analy-,ds the t«apoatU;J?e 

:h~d uatuilly- rte&n &JtOQgh a:0 t'het a eorreeti-on o,t tllil mueh d 
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l co. would hs.v~ te be subtrttett71d-from tha o'Qso:--ved. fi!lal 

:r•adtng. Thie gas ·wa& left :tn thQ bull'ett• OVi11' night, e11d 

thG niaxt ino;rning tll$ t$~:t-atu:r• was '18Uall7 ~low th• 'V'al.tte 

which tt bad he.d e.t th$ be·gt-nntng of the ana17s11 th• PH• 

oed1ng day• ao '\ipoti ~em,H1,eu1 .. tng, tbe o~s-orv.a. vo1Ullle wa• 

mo:r~ than a eo. ttlnd.lo )'.+ thetl tho db&eNed ;,,olwne the pre• 

oe-cl!.n.g d.fXI• tn this Ctltllt* th& 'l.$-. el -:i.tl the ~omet·e:r vtcmld 

be on the oth-er eid-0 of th&stai't1ng 1$.Vel* e.n« e 00:r~eot!or. 

would h:aV$ to be adde·tl. Al tb01.lgh t~l$ \V$.$ i!O?l$ 111;¼:&r$llf 

doeone of t1ll1&$ 1 t~ ()Grr•o·t<J·d v n,ll.ffli$S ~ praet-f.G·&l.17 -1we;yiJ 

w~re wi th!a o .0:2 .o.o• of &aoh o·ther6 and rrequ,$ntl1 $xaot.ly 

the s••• !n tlle v-e-J? t•w OfitS$$ wh0n tne:r• We,l$ e fgl .. ·ecti.te~ 

d1eeJ>♦;p&nqy, the e.-:N''O~ we.-. ta-aa•d to gntit>ely difte??eftt 

0:au.f:'l&a., 

~ ~!!!,.buftj,oa Gb~I '?ht\ C·otnbustiOJl eh~ooi- 1.a 

shown tn 1?1g. ~i. It will bo Gf!el\ th.st it dlf:te~e. in two 

maj0::r pe.rtie'Ulilrs fti-,om t:n. c-oJW$tt1}1¢-nal." 1.tl the,t the tU .. a• 

ment ltt VEtl"'t!oe.11 and t~ gas to be b.~nQd ie 1.ntrodu.e&« 

u.pwel'd tram below tlw tlletnent. !11bla design 1s tho :rosult 

of @ltpet-1e:n4e gid.n-04 from tho uttG of coiivent1onal eh$tnbette• 

end both moC;'lttte.atle:ntJ ttosult 1n tbf'J mos-e ~a.pld and (lQl'Aplete 

e-ombuet,1oa of thG eampie. When one 1e burntng hydrogen, 

eai,bcm monQ',:ide,. @ the ltmhtest hfdl>ooarbons, altnoat &;l'JY 

d•s1gn will g1ve good F'eeulte• but when gas.ee a.a lmtaV, a• 

hex@• are- mam~a. l t ts diff!cn.lt to get oompl~t• eomb\ua• 

tioth 'If a rJ.ch !111:,t'tUN le introdn<u,d• a fl~ will be 

fo~ et the tlp jlist below the f1l$ll'lent. It iattdvttJ~l• 

to 1ntroduo& the gae no slowl,7 thetl thls f'l.t'U'IU3 ts not 
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p~oa,1-ee.d, the ~e tr'1rnlng upon tl1~ rtlMl' nt i tl-!\elt, (H1usit1S 

J.t to gl.ow m.Ol'e b-rigbt11f • Ill this oa4.1e tho :pl atinum ce:te.J.1~tH3 

th(!) t"eaetton,- a:od. thel'to 1s no danger of 1.tie-ompl(,Dto o~,i ~t:J.Q..~ 

dutJ to the pP~e1pttat-i Qn of o~:r'b<m ti t the ~~lat11Fely eold t.tp . 

'!'he r,.lruneint 1.$ ~ $p11•$l of plat!m.1:m .. !;i,tcUum. wire 

C. 0154 om,. (O.OG-6 tn*) ::hi dlMtete~. Th(!} 1~1tl!Unt e.o:ntent !.e 

10 p$~~ent ... The siru~u 1M~•Mat·&$ 1n d1~ter t:ro:m top to 

b❖ttom, io- that thG in~ t~ oo 'b°tt l't'Ht.i! s).llt$~s et glow1ntJ •o.na. . 

'l'~:i:~ e11ti~e ~hQ.~f>J' l$ m~.de: ot P1~ i 1a&s • The 1~4-'d in 

w1r-0s t\?'$ ttu!lg<$t9l\ bitwgbt t~~ugh e;"le411s ~eal.$ 1nt.o gl$:$"C 

cttps., Boal~ onto t a eu~~idG o-t t-nes-e o~pe -~.ii ~xt ~n ~. ng 

e.~<:rtte t~'m a~ a e~nt1.r.it$t~w ~~ twQ it•1stf,,,: w!ri\s e-ov0·fi:'ed 

wt th glatut. Thea$: ~ e.e suppo·rt$ for the f:tle.ment i whi.eh 

1,s not j':J1ned tt1N·at1y- to the l (+at\l. 1n vtillf){h The end of 

the f1lement gotna to the r ght l~&d ( ·$ff Fi g., 4.) it- b,mt 

1tttQ tb.,e oup bi thE! tom ot t\ u tm:d t ll(-11.l fe,-~usn~a t() t h~ 1..J.~acidt 

t 1<.1t1lit eu.ppO!fb by a-J .. tp_p1ni ()V-()~ 1t $.»G ~'0 s--upp~ a. sn1all --:pil"t\l 

of' pl~t1n·um~s!'r1di-um w1rth Th1s ~ne.r~~mont doee not uup.plf 

filn¢U8b sup-~ rt fOl:' th~ end of th-, f!ll!ml~nt comi ng t:r,on.t th.f,) 

t-o:p, no n doubl~ au.ppor t ts ra:~da Q$. shO'\tm. The wi11 ei going 

to th~- l ~f't ~f.lltMl 1il~fr,,, sup-pO·!'tt $:x)d held tMl"& by a :ii-1-il g~ 

srneJ.l Gp!J* .l. , ()'~!M),,1e-e: i,,c ou~Ptrttt, an<l $.Q ts o~l(f! and $1.ble to 

wt thstand m~h ~~& s t~$:1n • fhOl e~pe ~e ti l l~d 't71 th JMW'$t$7' • 

wtd.eb g!ve tM oaf\tact.- In prnf:tie~, th& '.f,lltu'.Hi of the two 

l♦Ettli in tu'bg:e 1s at 1\i.~ht ~ngles t-o thQ plen-e G.f tlle tul>• 

leru.11,ng to tlw- j~t. Th$~n.t1N ttla- nt set up ie :mGun"d 

on e;ro~tl glt11ss ~toppi&r wh.1 oh :ts ~~u•d to th~- 1r•et of b~ 

ebf~bet- with p-1c1llc4 and can be r~mov~d ivt t-hout d.ic:-t-U!'btn.g 
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&nything olse . Af'ter o<>m1'>U~t10:t1,, the gias. ta d:N:Wll <>ttt o:f 

t ho t1Jh1t1: e:t the- top or the ehan1bin\>. '111:i:~ i•~fHil...ivo1. r f.it the 

tC1p i · - f111EX1 w1 th wst~i·, which oools t he hot gae~e as th$y 

el"~ d:r-e.wn 1,nt . Wh~,n th.1 s w-s.'h~i" g~ts war,.m it lt.,i dl:"'.~W'll ou:t 

With a ttttb:bt:"f;r syr:lug~, ~nd f'@plaee-d w1tb: eoJ..d-• A meyr-e~~y 

I'$$e:rvoi1• is cotUlfHtt -0d to th.0 tubo l.0adtng from ti1Q bottOlU 

t:Jf the aht.iimber~ Thl$. re$e:rvo1.r 'ls mi:>un:t.ed or-1 a. 1~'l11fS wh:l.eh 

(Hin 'be mov~d up and. d~~,n t~-ttd elamp~)d in any }Jo-aition . A 

t:n,1<Hf.1 com.bi atto.n is dotu) ~s fol:t'O-W.ti • The oombustion 

ohenroer is -¢omplet0ly filled w1th m~rcu;ry, :tn~luding the 

ta.lb~ l eacling to the j~t., A tne~uved tr,Jllount of o~yg-en if-:J 

1nt1'oduced i nbe th® ®~"r t:POl'!:l the left m,Hitmring buw-e-t t~, 

I f1t>t of th!e :tnt-)!oduet1.on boing tht>ough. the J~t tube tn 

o-rtler, to elet\r • s.1:t. mat-euiry ri'lom tt . Wh:tt :l:ntr,ouuction la 

• -eeoin1,1lishfH.~- by- ilonn0-eting the comb1).e1;1on tlhtMXlb~~ wi.th the 

bt1r0tte-,, e.nd Jt61sing th~ l ~V1i.i! l oti th0. m0reuey in th~ 1;>u~0t~, 

thus f <'J-:t•c1rrg th& 01cyg$11 into the ah$lllb.e-,:,, $l'1d i:'o~e;lng th$ 

ruer·wt,y i n the eruunb~~ int•o. :l ttl ,urt .er-101" r~e~rvoil" • T~ 

poid ti.on of t~h1s- :i:-~$~1'\Yot~ it sdj,:►.$ted ~o t11C<-t th~ l~v~l# 

ins i de e-nd out 1de t he eh~mba~ ar~ abol.lt ~q\l.al . B@f'or,e ~11 

of t h e OJey'@$Jl has ent:9.t"e<i.,, t~ tttopeot.\k &bOV$ tlw chbrnb$~ !a 

t i1wn.,d ao that the o~g n ente~e. it t ·1Nllll th~ top* fJ>t'ld finellr 

m0-1"'G:Ul"Y fl"otfl th~ bur-trtt• (lOl'iles ova:r G:?ld fills "th:ts l'>\!.bEil ,,-. 

Th~ t?.'nt('}u..nt of exyge~. must b:® E;uffie-i~nt t o -umH.>\N)f' th~ fi l~ ... 

tntln'b l $t~de. Thle. is e.bout 27 eo.,, t t .ft '."thole -(the:t.>ube~ l'~l din,s; 

ab-0ut 1go c() . The- sto1loo-ek sbovo t .hQ ehwub•r 1£¾ th~ta el~s~Mti. 

to a p os:1-tiorl l1i11r ... ,1$.,Y betwe0n t he t wo tnb~-s l ·etii'!d1ng to th~ 

-el'.lebe:x·. T'.hi.,8 must- elw.a.ys b$ d0:ne, a@ thel'.'e 1a no st-OtlOO-C:k 



a~cv0 thG) oh~bo.r 1t'l t..-m distributer linQ.. I-, s~_plG io 

t ltB~ :lntro(luoed into the b--~~tt~ ~.:.nd m.es.om·!;JtL. Th-c two 

stopcocks ab-ovo th~ bu.l'~t e. onG mi it and o.ne on t .. 1e 

dist~imit.ert Ara 'th--0n op(ltiQ:d towfJ.r-d. th0 eomb'u;3tion ehsnba~,­

th&. pr~;,sii:w:-e i~ ·t;J::i.& ¢h~unber is 1ne:rea.·¢d by re.i£it1f; it-:.:~ 

reetarvo11~., and the $topcock e.'bove, the c.hru-4ber it, b~.rr~1-

open . d to tt .. e j@t tuoo . The l."Wt·C\.'ll"Y i n the linw oot•.,teoti 

the oht'3J'.ib-e:t."· 1;.tld the b.-·r.n.•~tte is thue slowly fo:r:•eed by- t~n~ 

o~gon into the biu~ette . ,YutJb bef'or,o it h1:i.~ ~11 ent-e:r~0.., 

tho pr~-seu1"~ -~.11 the uh~b-<u• i ret"ttl"ned to tiorni..al , t o • h .. i t 

v·~ry · i ttlo o:i;rgcn ·0n'b-er$ the buro-tto It ~:rbu$ the l ine 1e 

clee.~ed of m.-01~el.l.r1 . 1:1.rile ftlamrn,t i . no ?'{ tu1•rH:i 1 on t<i> a 

bright red be&t , all etOll:~®ktt bctw $U tl:~ti:1 b'l~Gtte &lid 

ch~ttber r0 OfHinet! fiilly , ru'ld th& gas 1.n the but"ette le 

very :alowly d:i.epl~c-ed by t 13 mo~ilJUl'.'Y- fr.>tn it$ '.J.'l-'wSG:t"VOi~~ . 

'?h:i. di ple.eetnent i~ eontrolled by the atoinook i... the 

bot;t.om o:f the m1r-ett~, l'bs ;r,~sfi?>V~i~ bt~ing J..'!Ut on 'A s.up .... 

port a' ove tl1e b1ur·er~·t$ to &v-otd thia. -eeeirnity 01" hold1n&; 

1 t up during th~ d1~uplfioet.-11ent,, whieb t:ie..ke.a f:i"om <lYoo t◊ 

four mlnut~e d0ptn1ding on the el~ .. of he- ~&1.npl~ 1Rn tu~ 

rate et; •:•lhl eb 1 t Gt~n be intro ;;.ut:,~d wi t:bout e 111:1in,g a tl •• 

~.t the j~t • 1n ow~r to p r-evernt ·the 111sri?'0-t11 .. y in tbe com_ • . 

tn1sti.o» ~b~.mbe~ fl"om 0110:t ll.ating slig;ht.ly up nd down dur ... 

int th~ 1~trodue-tion. d•u.e to ·une-von oombtu.t1tio», thtl} tub~ t~etw~o-n 

the e.b.amb.er -and it-a ~ • enoiP is cl~ed so tlle.t 0nly a vo--P'f 

s mall f.l ov1 :ls pose! l e tb1 .. oumh i'lt. The eampl~ ie eol!lPl~t.~11 

displ . eed 1 the me~ou~,t f~om th-e bu.:rette f"'innll$ 001-nlni ov0~ 

e.nd :running out of th~ J<9t • As onG p~eaeie is. not, it1 8€fnet.~&1 ,. 



$Ur-f'1oient f o~ complete eom:bttst:ton., ·the m1xtu1"'$ is no.w CU'f!;\ffl 

out of the t ·op of thfJ ch~mbe:r+ into the bu.i>~tt• untll tile 

f'llflfflent tee.de fa1."•~ !),~.r0ly u.ncovered, m:t·d ti"A pro-o'$ee re ... 

p\lH~tli,d• Aft0r th:ree pas4Sq,an• the $tm1pl• ts eompletoly 

r&me-"'f.Hi to tht bu:r,$tt~ and mee.eured. Then t 110 more p~l'iH1lag~s 

ttre ma.at) 8tld th~ s~le ~~l'.il00sur4!Ki, t-() ~h:eek 1f thQ 0>0lllbU.i;: ..... 

tton ts oompl~to., Xf t:he d1ffe:ren-ee betw~en thns@ two r@&d.-. 

ittgs 1$ not> mPre t'ban 0 .06 et.• ~:x;ptt:-iment show$ t.he,t two 

moM p-aiui&g$$ oauso -ti~ f'ut.'thex, ehan~e ot vol um@ . 

of oxJfc€ll\ s;ntl! eerrbe11 ntQn~td& pi,esent tn tlM a~p.le, it is 

p114es-e-€'i t :braUgh ~ 'tiitb& sttt"i :,u,ndoo with l1quld &1~• liltr$r7 ... 

thillf but G~J~e.n, 11>:itrogon tlnd & 11tt141l meth~ne. 1f tt 1e 

l)rese-nt ,, fJt~em.~s out-., Then tbe o,cy,gen 1ff detetim1.ned by 

ebs~rt>tton by ~Ofl~llol e;olution, !fnd. th~ Q;fU'"bon :m,noxide 

.md metbue dot~rn11ned by cx»nbt1tttion f?J.'le1ys1s • The free.aing 

&l'iaml!) r 18 shG~ ln Pig. ,e . fh<1 t:resztns 1s done b1 th• 

C-(;.p!ll&ry tub~ sr,11"'sl 0£ 0 . 15 O'Jtl-. 1t:nd,~ d1~ter, \Vh.1eh 

1.$ f.ilir~oun.ded wt th liqu!d a.1-, e,ont.tt1nGd 1n th~ spee!e.lly 

con·strt-ioto<l. De\V~-r flask . The lower lQ.e.d bet~een the :tnn.e11 

elee-s t\ib1.ng of about the samf) 1ns-1dG d1=etE>r ~e the. in-~ 

$1.de d1amet:~,r ll>f the capillary tube,., T'hte :prov!,dea the 

neatHurney fl.0:db!ltt1 whet\ the ohmnber eontraets upon the 

adtU t1on c!)f liqu:td air. ~he bul'b at tM bottom #.s of t\bout 

100 oe . 0ape,itlty. and 1$ m:tr-l"oi.tncled b;y an ot-d.S.nary 250 eo •. 

be&k•r, '.7h'.t.eh ~Ollt-s.1ns abou:t 125 ce,. of mereu~y . 'fhe 

f'~etif.tng out 1fl! don-Q .fits fo110o-.a , The eha:mnex, 1~ e~pletol,r 



flll~d w1t.h ma:t'eUPy b;}' apply-lng ~ue-tton with one of th..,_ 

1u.tu.umrlng bu.t--ettes, mare1"'y exteftding; ent1~0lf up to th8 

cti2tre-lbute-;r line• .A tH.uni,1e 1t now p1a,e1:t4 in tl1:e left: but-et ts 

a-t1d. m&n.$.Ul'~d. 'f'h:e lS:.:ne f.si 1tow operu:,d 'le~NEH, :n the bu;:r>G-tte and 

t-h0 f:~e.ee1ng e~'be:,1 m1d the &~lo 1s :re,nied into the bulb 

below tho tip!t-tiile. Th~ diepltutc~nt ia ooll:t1.nu~d w : t1l tbe 

lm~ette 1$ emn:pl t!'Jt~ly f111"d ,,1th me:reu:i-y en"; the line 1s 

f1.ll.~d al:most to tho $tepe$-~k t?..bo.v~ th(} fre.qz!ng ·ch:embe.~. 

, xt:rf.Jtn~ c !"~ mi-1st; b$ $:tt@r e1 ~, id 1:n 0:rd~~ th{it no drops of 

mereuvy T~ left in tbQ ltna , e~ th~,- m.1.g'h.t be pieke<l up 

l atGt' e,rt~~ tht4 chttmb~1'- 1. g rt l l 9d wt th 11 q,d. d - lr and b& 

°'~-~ri~-d t() t.1'19 e.~pl.l1'1U'1 $1J1r-o.11 wh~:re they wo'tlla at O!'!Ce 

fv411~21e and $t1))p Up th(½ 11n~. Aftf1Jr th~ tH11r"""Q1 1& !. t?1 pttt into 

tl'10 'bu:tJa, tl1c 11.q ld edr i ~ ud.dt,d. • Th~ s ample, it.\ now slowly 

suek .d m-tt by one or the m-1.N~tt:.ett-, i--mt!l th® merc•·ry fllls 

the 'bulb and rtaa--s t-o t 'le bottom ef t h~ thin gl ss~ spi~el. 

Then th8 a~1e 1:e s lo ·ly - f'er~ ·,d back il"lto th~ bi .lb by 

ra.1~1.n ,. th~ ~ee~:rvo1:r-- on th~ bur$tt~, ~nd tn!.t':l 1m :re:p~aiHn4 

until ftve pn1H~$-g~t,t h f!V .(tt bAr111 m~de !t Th~ l atit. euet1on rpU$t 

be- m do with tb~ right l:mt-ett-t,., wh1cb th1'1X-ef'::,tto \t'ill oont.~l:n 

th-0 • f'..ntpl0., It wai!i fm1nd that th~ n,-t~~ of. the f"resming 

QUt dt<tp0nrled on t $ t~mp~1>~t1.1:r~ 0 -f' thei 11 qtt1.d 1.~.., If the 

'.U.qu1d s1.r, \T~e fresh, and httd 1.tt!! full quoti,. o-f nitrogen, 

ft w-o'ttld be col d@!> t'h~ lf t:t luid stoo, f or .f.loma t,1me, 

Q.llowlng it to be-eomQ rloh~r tn o'ityg~~ ... rrne.ex• t.h~s e e..ir• 

eume tie.-noe~, the f~e-Z$:fi ,t e-orrnt1 tuente wet·e a.pt to &dso~b 

s~ oxyg(lrf\ eJ.Wl n:t t •x-ogen_, t.n -- pt1:rhe.po ~or.lO oxyge-$1. t-f.etu,a,11:y 

11G,-u1£'1.~., If tb~ !,i<ll_tJ.id «-A.ii> tte r¢ ol.d1 tlda did, n"11 t hapJ,'.)Sl\• 
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't.ble t:-ds.o-rpt!.~n Cf)Utd $lWayf3 be p?-$VOD.t-sd by 0'Utfie1e1ttJ.7 

lowo;rtns th& pt<&Sf:.UN in ·th& eap1llai'y t--ubEh S0 whG-r.t tb~ 

-SamplG w·af.l l;>~m.QV~d. into th@ rl~ht bUl'Gtt() for tb~: l~t 

tl,no • thE> ~~Cl~ _W$:$ sttc:ske<i up throug h the bhin i1~lloo 

-s,p!;t:inl to -ti l,}Qltit j1i:st bel-Ow ~b$ O&.:p!ll~ry, .st wi1.tnh ;potnt 

,~, f'rrui:-~,, a~.kiDg e; -seat. The l ef't l)u~~tt~, whi$ W€1.a full 

(lf' meFlitttlt'y1. w:&e th@ eonn~tted. t~ ·tne 11.ne, ~d th~ st,o-p .. 

~oak e.t 1 ts l ow~~ e~d Optlint$4 zt11ih:t'1y 't.J.-t3t1l the lnf.il~~-Ul>Y 

stopp~d. ·d.1-0~11~ d.ilvtn:, ~tid tht& fully.. 'l'hus a 1-lU3t1on w~.s 

p:N·,auoeti wh:'l(Jh l' . d'-'"-G'tt;(i tM PX'El'1SS1J.t'$ 1.n• th~ cap1llt,l'"'f tub~ 

to fl);b®Ut fat\ mm o.f ~~m.11"1 • '?htil- stttp.el1e-k at thG top 0f tho 

f~"ii'n,~ t,;b;ffl®O~ tr~$ the~ l'lse¾l, grtd, tM po~tiott Gf i_sU 

tht:e ll'(l~tte,d add il to tb~ t4!Jilt ♦. Th~ :rtg.bt b'U:t.•Qtt~ alwe.ys 

~~ntf:!1n d ~Jd'£!~1J~nt m<:,1.tJtV.iltt! to '. 1t,t'<Jc:f'at~ too $~mple , w.hiob 

wae ~o:r.f~otlt <"it';! ~ft!t}~ f"ee·%1:rl.lf~ 1:h~ sam1.1~ wa.s i;h•n p:u.t 

111te tl\~ l ~f't b:'1~e-tte en:d. m&~'!lfU..l'~-th 

1Jjt A-~m~~~;·L~~!,tt;!:SJ_7 11 g~a ,analyB1.$ ,app:$P&'b,u,s 

b:t .V~ -s t 1e!\st WQ !i:'b.$1'~ptlon p!pGtt•s.1 one ¢onta1n1n$ 

pt)te, ·s! mt hy~od.d~ $ol,i·t1~n f<'n' bile- t\biH>J?pt1.on f>f e&t'bon 

C,cli!,x1d$1 UM th~ othO'l' &; so1ut1~ et p:{l"ogia111e ~eid. tn 

• r,.-otf,,s~J:ura hydy.G:d.d0 fo·!' the 0:l:J$,Q:~l)tion Qf o.xy~~n . Othw 

pt ,'4ltt~e sr<IJ. a-dtl~d for. t~ ab ~ti.on of 0th.ex, g~s&e. The 

$fJntfle 1 s ~e:J.sm,~irltl and t $ i_ntt"o.d,:1.olil'd, tntQ th~ pi pette by 

di. si,1 t).e~me:nt ~ ~~u,1 !n th~ i~Q~1a?1 ng tru~~,tt<,.. Var'i.oue 

d~vieos h t'.Ve hfrlcn 1sed t o s:ee~1<'1i"$ tle th e.bP-o.-rpt:ton,. s-u<&h 

as • l t'k~'!rtg t-t,lall·~ t1.:fbaa b, th0 p:l:p~ltt~ t.,e 1-:no:N\HH!~ t.~ su~~ 

ft!C:~~ ..11d f~tttl"'Od;'!:te1.ng -h<lll g 0 $ f:-01~ th~ bottom t b1>0-ugh f'1n& 

◊~!li;Jl-$ $0 that t t bnbbl.ea th1~m1ah th$ abs?.~b1ng liqtti<l.. 



Ill all e.~e• 1 t has b,u:n, n$CHHHtary to pUl'itp too gas in s,nd ou-t 

of the pipette wt th thG me-tuJu:r-1ng bur~tte s~v~~~l.- if. n-0-t 

ma,.ny, time~.. Thta. takes time~ ea.uses the bttl?ette to g-0t dirty 

fe..:itte:r, due te gr~.6ter post11!bilitiy at ~ettlng some s,t;~pcoek 

greas'1 into 1t, a»d1 what ts 1.1or$G« te.nd$ to dey th<t bu~ette 

01.tt, $GI tnat the sample nttitY not be there>ug't11f mo1 :s~ wben th'$ 

ti'rn.G comes tori tbQ next. metlsua:~~tth\lrtt . 'l:h.t si 1.$.\ 1:u:;ut.lly avoJ.ded 

by httV1ns a Vis:tblF.1 df'O]> of W(tt$l:' in t h{!; O\ll'C:tt(!} ,, whl.0h 111GVtl$. 

i1p ~nd do-1·" 0n top ot tn,e .mw\<>.ur-y rand koeps t ho t:r ll.s moist 

e.t ia,11 times-_. 'f'h:l.$ 1ntl'~d't.1cea tl-w-e .3 o~ror a , 1rhc tft)l~ :n>&d 

on the l:mrettE) 111t wr-ong, as h.@ W.il.'h$"T drop ta't{e~ up -some 

velums, t~l W-D:tfill" &.D$6l"'b$ so• gas. •Jthi()b :r-ee.u~e . 1 tl!- , 1 t1.TOr 

~e~sur<? ~o that the gas 1n t h~ 1:n:a."~tte m~J{ l'h)'t h~ 0el'tl,Pletely 

l$'turet0..d,: and this &b orb~'H:i '5€.b.J!l niat b~ ttlv -1:1 out l~t~~. Qo:n .. 

'tc&:..1Utnstin·g aneth.{111" eamplt11 ii 1l11'1~se er:i:•or,~ l u-)v o h 41'! n .gloated 

up t .o now,., 'ttntt e~1>-o~ ¢1u0 1,,0 '"'" slight 01.10\mt<; of ~,o.1,etu1"e o~ 

0J1-t bf):ln.g 1.n th-i!J wrett~ ~:n<l t 111•ovrlng off ·ch i-';} ~€H-'1.d11'lg$ e~ 

not dwtA,r& be f.i\VOiei@d, . b1ttl :t-e wa~ co1ir11etl1d .for tn tb1$ wo-:rk 

f~().~tmntl1 by $:ddi.ng $ m,H1!:.S'lit.l'ed 81llvunt o.f (iiaa to ~.p-0th~~ 

me,s.fJ\1.'.ti'~d a.'lttouirt1 sncl seeing !.t t:n~ r➔um of W:1-e$~ Vtl'U8$ we.e, 

tb<t s~me e.e the volume of the t wo srunpl e.s mea!!\ t11:'~1d t-ogethe~ . 

!t not, th~ e.rro;r W'~l $ the di f.t~~~no:e bet 1:e<'n '!::he s{!) v~luey-s-, 

e:nd cQuld ~ . subtr.a~te,d fti'om th~ o-b.ffl.~i•ve,d ;r~e.i:'..U.tigs.. In 

o~del' to fe.c.1l.J, tat• Pnpid absox-pticm, i,nd to £!l:tm.1nst$ th& 

abo-ve m:~ntioned et•ror-,s 9.S 1rn.teh tta posciblo .• the &baoitptto.n 

p!.pette ehown im I!tg. 6 f'tl'n3. e.lso so-en 11'.l J?:tg. 2 if.r-as dci.rstgn.ad 

by Ml' • ZalkO\v.$'.ky • It will b~ ~ot ed tho.t the 1)1pott.& b~.a two 

oh$l'nberih ':Ph~ e~1u1~1t:y &:t ~f.!Gh 1,s about 1'75 ce.. 1'1> 0aen 



ehnmbe.r 1s f1~&d e. system of th~ee bulbs. In F1g .• 6 1 th~ 

bulbs tbn0d t:o t_~ 1n$1d,(f Ohe.mbelt sY$ tH.r,eotly b&bind tJ'lO$G 

fbted to th<; ou~r ttnd a() net .ehow. !;ach b'ul.b holds lOOec . 

-Tht►. ebsorb!:n~ liquid fills botl-1 ehmubGr·s~ ext$nd.s to the 

boittom e,f th~ fizttit bUloe, e:ed !.ti ilr*- ;,-:n ta.p to u mti1t"k e.bm.x:t 

l <Hh btJlow the d!~tlt:!.b.utrf'f' ♦ 'n'i& fir.•st bulb$ (on* -on ,-ae.h 

ehtmlbeV} . n~e ttl l$d wl th -~ gas wbteh do~a ttot ~ea0t with 

the rc•et1g'ent., the StH~on<i tw(!i bulbs conta!fl w·G.tfl.'i" wh:toh ta.-~te 

a~ t1 $~fl1 to prei.>vr~nt Q\r- fl"-Gttt tomng 111 cc;mtaet with too ~­

tH.,ttbir.ig :N>AS~tit,. and t'.hQ' thl!t'd 'tw~ tn::i;tb.e in--~ open to the 

a1.nt1oepher-e. WhM1 ·a eamp10 ts tntt>e<3'rie~ tnt o the p! p-ette--, 

the J>-E>'41};0nt b'l botl1 e.htlJ1tb6t'S !.s dtgplsc.M)d* im.d move:S up_ 1.nto 

the :f'i~et \ffllbs-. th<D wat/8,~ :tn tht1 B.0cH>nd bulb.a tl'lov1ng into 

the thi.rd ., tt e. l0-0 -ec . ti \rtlpl~ w~r,~ intr-oi::.'h1e~d " whio'.h is 

le:t•g.$.;r .than fm"$' US$<l• tM ti~st bf,1l bs would b$ htalf tiill 0£ 

re.agent_, t\M t-ho- Wf.l.t~-1.l' would b@ G'Venly d:la-tr.ibut-eC. betw~&n 

the aeeond, ~.nd tht~d tro.l'b$~ Who 1ni1t1ng of the tHilnple end 

:P~$..J!,9nt ls d:Ot'l:G ~n rol.lo\'ith A r'Ubber tub@ 1$ r e'.Pffmn{fntly 

fisted to the Q<Utl$t {)f e1 th&~ ~n~ of the· tl,J.r-d bulbs• e.n<t 

t .o this !.s fi,i:$d a l'ttlib~T ~lb• A t ov oun~Q 1.r.1f~rtte~ l"~:ettd 

flyr•i,,ngG 1 e itl~al for the pu.rpos••• 81 punipini ; \vi th thS.e Jtyrlng~, 

t:he ~~·u1ger1t 1 s Plffllped bartk t,,nd f O\wth ~twt\{'..n tl'-e two IJh.!mt't>-ex-JtJ • 

and. f9.'b.6o:t-ption la m1::iah fa.stse'.r· thl!l.-n wh~n th9 • ample muet be 

l"em®&fi flftf$b t1•• It W$s tout,d tne-t wh~n th~ llqui.d flowe.-d 

f~-om the outer to th• 1:rm~t- ehru!ibi)~* e◊me of 1t dl1'0pped f rGr>'l 

tl~ optln1ng bet-w~(ifl the tw-o eh.embers- to tnt 1!,qu1d 'li'telow,, 

forming i tal! bubble~ 'Mh!-eh tn!ght 'b~ Oti:JJ~!ed by th@ flow (j_roun.4 

t o t h~ f irttb bulb ecnd lost• Thi.e wae olim1.nt:? t $d by pl.$..~1tng 

a gls~e~ r.·oa,~ &is $hown, the J.1qu-1d flowin.g qui etly dmm Mie 



tube . A sa.l'l\pl.E:} 1.s 1ntrod,ie.tH1 1 nto th~ piped:: t e ft-om t be 

mee.su:t"ing burette s.~ foll.owe. The stopoook. ~t th~ e :x.tre:me 

left end of tha clistl'!.btitt!lt- under tho me:rc:ury l"$S@rve1il' is 

closed, the di~tr1b,:1:tex- atopeoek above the burette ls open­

ed trmn th~ bu:rette tow~1:t>d th0 l~f't,, aml the e;i,e.rnple is co:m ... 

pl?fZ>tu,ed by rta1$1ng th!'? burett.e r0servc0ir . 1rhe stopoook on 

the tn..tr~tte 1c then ,openc.H1 to th~ l:ln~, ~nd the extr@me lot~t 

d1ttt,t-1bttt~r trkopct-<,ok 1s bal"ir,ly Op®-~~d. The trt~~e-ury :f.n thG 

line 1 t bus for-oe,.l out 1r1t<> the sn1e.ll flB~k hung at the 

l ei~t end ot tl,e cUstt-ibute,r to <Htt{th 1 t . Wl1en tht0 :ro~rtHlt."f 

:t:n the lin~ r-e.eehe.~ the stoprseek •abov~ the desii--ed 2be0rp.,.. 

t1o·n p1potte, th<1> 4l>Xttremo l$ft ~:topco.o.k f fll ~lo~ed , the 

p-1lesaurq i .» the btwett• :1~ r .0-t;~J :rn-ed t o r.01>inali and thG $t<.>p ... 

oook to the p1petto is open~d . 'the mP-rO'l. rry ls t h~n l"a1e{l(l. 

1rt the burett& end the semr:,le t•or•~d. 1nto ·the p1r ette . 

Me1 .. cu.1-y from the l:n.l·:t•trt.t-e 1m a..:'llovmd to f'.low into the line 

until 1t camo-e t.o t.hti ittopcoek abO.V$ the'l1 pi;pette. The 

stopo-oek below th~ b-u~et to 1$ th8n eloned, ~.not.lie s B.mple 

1 .. pumpGd btlC'k ~n ~ forth b1 thG p-1.pe-ttf¾ f or 1.-5 mim..itee. 

1J:he stopeeok b0lo.w tb9 bu,:-.~tt$ la th&ti sli~gtitly op0n ~a., the 

r~servo1r meanwh1lt1 na.v!.ng hee·n ~.eme,.u.ui fr~:,m !. te hook above 

th~ bu.r0tt9; 1.n•ui t'n.0 m(!lreury 1n the 11,n~ ~11.owe d. • to flow 

b-a~k a .El fsr os th~ bu.l b l elbeled Bi1.11IH) 4 l~• This bulb et>n.­

tahts 15 tlfh or th1.s one p$r,cent s<l)lut!.on ov~:r m~rot~rr, and 

e.ftei!' ~ ~ruttr,le is pump0d ov0-i, a :re·nge:nt. 1. t 1.s pti t tnt,o thie 

uulb, dit!plaeing th.e- "M*:reury h1te a rtuleitvo!.r e.tt tihed. to tho 

bottom of th~ bulb by pr>e-tH'rtJl"~ tubing . Th9 s emple is ~ueked 

into the bulb fr.om th© e.beorpt!on pipette by l oi.re:i:-1:.ng th1t 



the vs.por preg~u.x-0 of thG we.tor i•,ppreoie.bly ~nd tne sa.,nple 

is shek~n w1th 1t in Ord.or thet 1t be $&tu.r~:t ()d with W$te~ 

The tH)lution :t~. slightly tvdd to n~utr0.11zo the •&nmonia 

ln.tro.due~ .. ~ wh o-i1 the ssmple 112 r,.1wntHtd over the e.lki:-.:.11:ne 

c:uprous ob.lo:t1<:le aolutien,. •?he fir-et time t he a~ple: :ta 

l!}tt"<Jdu41ta$. into t he 1no:iet9:ning bulb; the mo:1Bten1ng is n()t 

the o.b;j "'ot. If.ht} reafllo-n is to mix th0 .enie.11 e:.mount of· 

t Hmpltv lrl'1ieh mr{a-;s in t h0 oetp!lle.17 tub~ above the t1lbeo.rp-

t'1, on pl J;o'btta , es11·d wh1oh o1d not get thorooghly 1n contact 

~bou.lt~ be ne,u"lf d0vo1d of thA o.omponqnt ()tbscn ·b~d by 1~he I'e;,,, 

s.gc,nt 1r.i tha, p~rtietUlo.r p!patto unt'l«i!~ cU.e-o-tui~ton. The 10ai1..­

tt1rs if liit on~e forced beo«tlf int-o thEJ pipette by :t>tl\ieing the 

:re ~er volr on tho moist:etd.ng outb,. ell:d 1s puml}ed foi, J.-5 

ttSmr;e pe~iod1;? ncH·Hl not bo e.xact . itt th0 a-nd of this 1Beoond 

}1tm1pb1g, tm, &artij)le is inbrod:uced into t1'1~ 1m,1at~~.1ng 1n;,.J.ll1 

well I::t sl:;un,. :;.nd t llktn ~u¢k~d into the me.,unJr1ng burette fo-J> 

f1 r.e~din.g ,. rrh(;} e€lnrp1~ left in t h~ line is <'.H epl ~e~d i n to 

t h~ tn1rottQ by t u~nb1g tho ~xttr(i):ffl.0 left s-toptt,o~k to 11h~ 

me 1:·t~•Jl'Y 1·.ese:r·,toiJ'." -d1:t10-etly f;bove 1 t end running mereu:r-y 1nto 

t he 1 .. tJ$ . In or1"er to be rrur~ thii t t h~ tll..bsorptio>!i 1s 0omp l 0to• 



tho stUn-ple i"' a.gain intr,,due0d tnt<-> the e.bs<>l"ption p1pli)tte1 

pUl'l'l};:,.0-d for 1.6 ml.mites , moistened; f.lnd. ~e1mH:1sur-ed. 

Tb:e $o1ut1orJfH The ,i~g~n 1. e t;lbso1•b.ed by petaasium 

hydrolC:tde solution of :pyroga.llle acio .., The renmmiiemded 

eoneentrat1on 0£ potiu.Hlium b:ydroxide and pyrogi;tllol v l'f 

wi.del1 wi th d1f.t~~ent authors• '.MSlly con.oe'ntrat-1cms \?e-ff 

trtod• sna the on&i r-~e~emi~ bf ~nil, 1 •wer& found te 

@-lVB the mo.&t )i'&.pi.d ab-s-orptton -oomb-i.n~4 wtt.h thQ le.$..St 

evolution of ee.rb0:11 mo-rt0ltt4•. 'l'he oon<tentrat.1ons 1Jeeom•-

1™1Jnde4 by the Chttnlt:J"tfl" ot the urrtt,rcl Sta-eee· steel Col;lpO~• 

atl1Gl'l1 «swer& fcn\ad to :0-. paf't!.cul.&Jfly 'ba4 a.a t11> e.n:rbo• imffl• 

ond~ e-,<1lu.-tion. It is w .. 11 know that :tf th• oo.nowtx--a­

t:lQn ot the o:w,~n t:n the emnpl♦ te rau-eh gre&tet.t t~han the 

c-ono~ntratlon of th♦ OJ.tygen !tt the $-lt't o~on monoxide 

is e~lved wh~i\ tibe oxygen 1-t abtlJ.orbe.4 'b7 the $'0l11tlon-. 

Tbe eone.entl"B-t!ons o-cG,\U'tng 1:n this wott:lf som-etime:e did 

0xo:eed t his val.Utt t-0 a mall e~nt.r falld it wae alao tcund 

that -a small a.mount ct oc~bo,n menuld~ w&e ev-olv&d • @v-en 

when the oxyg&n cono-ent~ tio-n w -s muel-1 smell el!'• 'l1his oval .. 

v-tti oar-bon monoxt«~ was a.beol'b-Od bJ • &lk$.11ne cu])·~rous 

chloride eo-l:ut :ll)n to be d1tacrtbed lat:e~.. 1:i~he pyroge.J.lol 

solution was pi,:e-p~•a as folle'1.Eh; A. t:tol,1t1on of pot.wu~1'Wl1 

hydroxide ot &pee-!fio- 8l"av1 t,r 1 . 15 we.a m&i.4$ by dies-e1v1ng 

1>o·ta$~iw:1 llyurt>,d.do ot USP qual.t ty in d!st1ll$d water 

wbi¢li. h~d btu~n boiled to ♦x;pel e.11 OZJf£E>l'l ~ 1 t . So 

e$.l.1ed •• P• potassium hydl'<»d.d-e -should not be ui,ed., e.e lt 

is put-1:f'ied by al.e<Jhol,; e highly undeslr~bl• eubst .iant\e to 

h tll.ve· pl!'e»en.t , even it! traces.- 380 co . of' th1s eolutton 



wa;i put into tho pipette., &nd 3ij f911$ . of wrogal.lol dissolved 

ln, ~9 et. of water W&S adaed. Thf1 p1pet.te ·SllOtti.:d l,).(i} till~;('l 

witb n1firogen f'irst mo that no o,ey;g<11;n be p:re$e:nta tor tht 

eGlut1on to ?'•Gaet; \11.th. Two pip~tt~s W$N f1lled. with this 

solutton,. 'C>n0 W6\~ \l5(!td hr ell .fi1.bsOl'pt1ons •ft@::r ecrnbust1en, 

ttnd th1& oth~r W$.S r.e_serv~d f'()r th(.) abs.orpt1on aft~r f:r&~a:i.»G• 

fh1 e v1u d.0110 tai the s ,smnle ttft&T t'r,e.orr1t.t~ $O-ntainoo ~e.f'bo:n ' ... i:;:, 

m0no"1.t1e (l..ttd a S.ffl&ll 81.nOUflt of m~thane.. AlthOUf,.;h G1U'ben 

mon.oldd$ is q,utto ir1aoltible.1 m0tb.Gno would be sl1f)ttly ab-· 

$Ot"bed meohe:n1callt by the e&lutlon.- lt only on$• 9;bs@r.p ... 

t1on plp~tt.e wen $."i'tall&blG.• the mot.ban~ nt!Q.iht b~ $V-t>.lv$d 

later 1nt() a talll:p1<!! be1nt anel.y~$.d by oombnstton. 00€1 th-G 

:final volu• of nt t!'0~n thtis ob·tail.'Miui and ust<.1. iui a ~ll1"$r• 

eric-~ weuld ~ · ec,:,N,n&out • In m<>'$t gas t:ln&ly&1$;- tl\1.s p't'e ... 

e&ttt!Gn te not \'.t,.ken, an-a th@. s&1r.e- eolut1on is 'll•fH,d for all 

put-pOtittJ$1 even fop dit-$-ot absorp·t,;on @f' ox11~n trom en 

oxidttod .sample '-~1 thout ~e:mo-'Vel of th.El> ve.rtous bydt-oe&rbons 

by fJ?GeSd,ng. Th,is tl td.ee.ble QJ"l'Q~ :mll$t be 1ntrodutled. TllO 

pyrog~1lol 1lH>luttot.l !s th0 only on6 1n duplt.c.ate, &Et no 

othe:r· !!Olution is tited ~~&ept a.fte~ eembMt!o». 

!'he fnlt'>l"OllfJ ~hlQ~1de a01ut10.n is fo:r the a'bsoirpt1on of 

ettt-bon n1onoxid0 • ff1'18 e&rbo.n monosld• fo:rmod. in <i.xi d.8.tlt>n 

and pr .. eent ll!fter h-&0.z.!.l}g 1s not absorbed by th!~ solutlon, 

hovl~Ver. It wa~ ftmnd that the solutto~ d$t~n:-:to1"1at.ed :re.pld.w 

11 Wh$n t t was ~equ1l..,~d to absorb . o 1.11U~h e~'bon m()noxlde,, 

end hfad to b~ r~-n~~ fr@gu~btly ,.,Th1i Ch11ibon ntonoxld.0 l$ de• 

te:rmin0d 07 oombustien snt¼lysis of th$ mf~tur€'> c~ftsir the 

o~Jf!t!jfl ha.$ b~€lll reillQ\t~ by abaor+ptlon. i1ethan.e 1e also 



pl'$'elen·t• but when only se.tur-at$'d l3Wd»ooa.~bone and e~rbon 

mQnoJ>tt&'J- e---N p:r<il!s®nt, tbe-1ti' ?0lQt!.vie -em<>unt-~ ea-n be 

dete~·1nGd by a simpl,e <l.nl(fUl$t1on from tht,- reimlt=a o:f 

the eo1nbu$t1on an.alyebh This will be d1fHlus~etl la.t~r. 

So th-e eunt"oos oblot>ii& te 'US(;};d onl"ft to. '1.'bso!'b tb(:) emz•~ 
'f." tJ 

bon mono:&1d.$ ~volv•a by th$ pfX<Qgallol aolution U$@d e.i'te:r 

combu$t1-on oru,,lftHits 1 the em:ou_nt. ot exygon being l11rgo in 

thes.e oa.f!e.th. ~ emount abact~betl 1, r ,e,:r~ly more 'th&n 

0-.04 e~,. £1..& the -eo1ut:1on ~1$-o ab-so~b-s exygen_. 1 t w~14 

'fll~e r~move ~.rty tr-e.o~e of th.1~ ge-e "rh1~h might be left 

m1abeorbad bf th~ PUP<>g"i.dlol+ llotb &~id. entl nl.k~l1ne e-0-1,1~ 

t:l.Gns of {.fflp:rou:s eblo~,1dtJ we:re ttti,ett, f.lt.ni th@ alk~1ntl 

solution vie.a found to be th@ beet., &,$ 1.t. o,ees not give off 

cerban mono~!d$ wh~,n E)1el~ Tbel s~1'1ilt101-1 wam p:r,~pm.Nd ao·•e$1"tl.-.. 

tng t• d1r1l~tlorifl g:tven 1n Lld"tltt>• e.s i'oll()Wth 
O 

mesolve 

250 gm,s. ammo:rd:wn oblerff'..o• itl , 00 oq,., o.r wat~• nn4 $d-d 

200 gn1s . of ouprOU$: chl◊~1de ., Fl&e~ ftff9ral sp1:rf4lS: @t 

-e(!)pp0r g•Qt in e. bot·tle, till 1t to- the. no-ck with th1$ 

eolu.t'Aor.i._. &nd o-10:tii& t1.g!itly '111 th a l"libbG:,, etoppQ~. Whon 

tb$ s-olnt1on beeo.mee e.olorle-ss it is- we.ady foi, use,.. and if 

olo~ed t ghtlJ\t c~n. b& k~pt to:r nn u»l11'1rl.ted pG1•1od. Into 

the ~bEH'>rptrt o~ pl p~t te plo.ce 90 oe. ofi e.im11,on1 '1.1.Yll hydro~i&e 

of S!p+':>c1 f5.,e gra~i ty o .01. and add 270 0:e. et the abov,e 
'7 

prepG,ro-d sol ut.1oJ:h 

The p-t1't8.1rrnium bydl."<t>x1d:e solution for ab$O-rp,t1on of' 

e~bo:n d:5.Q-~id.Q t1ae '!lIDci'i:! rwo1n. U8P $t!.oke a!'ld had a dena1t:, 



Th~ unsaturated hy<l?>ooerbons ,w,;)r~ ebsorbed bf an 

a,; pera0nt .sulpliu:rlc acid $Olut1on ~ The p1:pstte eon• 

ta1n1n.g thts solutlon diffel"ed ~t>om tb:G othere 1n that 

th~t-e wees no opstd.ng at th~ bottom,. and enly one bulb 

inat~s.d of thr~ wa.e on f.tf;\eh eh~11it>~r . '!111~•.fle bulb& bnd 

etopoook-s above them• go tbfit th4J a.eid wouJ.d be pro ... 

teet$d fl"Oln the $.1?' . 'rhey w~e 0:pen$tl only d:t.il'-lng a 

pumptng. Aoeoi&ng to Hurd . am4 SpQtl,()$17, this ,0Gn0:e:Jl­

tti-e/t1on shcmlcl absolfb &11 tl.l\l.l&.tu,:r•ates oxe•~pt e,tl1;yl$t.l$• · 

They UtiHld a eon•~nt1.0tl$l e..beorpt1on pipette~ tntr:odueed 

th£\I ee..mple , l 'l t it etand to.- two tnlnutes , :r~mov~c it, 

int?<OdUQ(Jd 1 t ~gain,_ etlh ~ ffh~y ,tta~8- th~t abaot<pt1ott 

was compl et ~ irt 180 to 25 mtm1t~HJLe !n the pi--e~ant work, 

the aumpl -e- w·tas tntt•od:u.oe!i one~ end p~mp0d 'be,tween the 

ehau.tbEiH EHJn:tinuoU«t.ly f'QP a. mt.nu.t$s . The al)so1:1pt1on 

oer,t.ainl:y- $hould h~ as eompl.~t& as thnt obtained b? 

Uur-d tllnd Sp0.n(')•,., J.tt&f;' tM$1 pumplng. the g~s was very 

dry-. As the a&mple puape4 ,rt!l.l contained. antut'~t$d 

·nydl'OGGr-bone, 1t would eontd1nat• th~ molst0ning bulb 

Ei-1:r•ady de-ee:r1"4• So ea{)tho,., »i01.$t-en1ng ~,pett$ een• 

ts.1ning o·ne po~nt pote.s$1Ulll hydr-oJdde eo1ut1on wa-e 

WHtd for th.le pu:rpO•G$,. 

'?J-1~ ~;b-01?\.Q.flk!,~) Tho ~topet>.olts used 1n th~ d1.str1but-• 

er• as well :ae the 011e over the Q-mttb'tlet,1on • oh3mba1•, w'1re 

dee,.g.n~d by Mr. Za:1kowsky. 'l,'he:y e.:ro p-yt-ex glf!l.S$ . .; and the 

glas& t,1bing le o~pillary. of o ... 15 ~-n. tns1d.w dt.aete)'t. 

Aa O€ln ~e se$n in F1g. 4 , t hey r:'11ff~•r from1 the o.~t\1n*.,ry 

~topeoek in that tb$ i.rtoppirr does not oontain e. i ·, Qm.i 



the (lOnt1nued 11:ne is off set no the.·t the?>e rtre. t~tJo o-pen-

ings 120° f:rom t11$.0-h -ot,her. i n1 't'Wo 0,D.n b@ <H.>n,1%\etllid by tb9 

bO~G 1.n th'J stopp·01• 11 Th~ e.dV&nt$:g~ lt~s tn th~ f'aot tbEtt 

the <te,ttd spOOQ me;de \'rJ tti. '!ett~!e&l pe1.:ri't .of ~h• ff ie 011m1n .... 

a.tea,. \.\'h6n t_ba~$ ar-e a ao~n 9!' mor--e etopeo~k-e ta a ~0'-'1• 

&$ tbe·r-e are in th~ d1str1b·u.t.(ilf' -iuiq;d 1n the p~&tlel'lt set up., 

a vtt:r, mee.sut-able e:mount of ga-s ci:tn c.ollt)~t f.n tltet!$ spa¢0e • 

Th:t.s fte..s w:111 e.onw out ltd~o1r to c'Or.rtmn!ne.t:$ whtlt~~ev &~18 

!s being clt--a~ tl~n,igh the l!n•" antic W'lll e;leo ehangti, lts 

volume. 

:1?1g. 11 snd on-~ is ebow1\ ba.ntins in 1 te p1rop0r pla.oe ln 

Fig. 2. 41, As n~ b-e fU)~'B tn 'F.!,g. 2., th$ stx>pe~bk$ e.t bot-h 

t\lnd-$ ~l"G tht-8~•way,. Th0 dl.$.a.ont1n·uoun tube of t.h& 'f ls• 

bent upw@da tmd the (tftd 1~ blown into a am$..ll eup hold• 

1ng c.beut 1.i; cc . ~brouib th1t O\lp on t~ lmwe,_.. stop. 

¢oek reagents ee» be introdu~ed. d1~e@tly into th-e sample 

'bottle .. A m:ere11xiy 1-es~rv-oiir le t1-tte.ono.tl to th.$ lowGI" 

op$'tl1ns~ &nd ~-st t~ $-.tmtple ts @a\fl\ out·,. th8 ~es~rvo!t- 1s 

mov<.4 -~>.p~atd ·a,o tlh~t the pl"etu~U:?>'l 1n the 'bottl" r-eme-i,n'5 

.f ~ir-ly ~onatsnt. ti!tt•l'etwy te Mm into tbe eup on the upper 

atopeo-ek o.f' th~ sample bottle fl/!-0m the t~s-e;pvol?" at the 

e~t)1eme ttppeti l'ight htmd oorn0~ or· tt1e f!$:s &nal.ytdt e,p­

JH~~atue, thul!l e~pe1l1ng th(} all- ~em the l1n0 t-tbaVQ the 

bottle l.)oter-& tb@ fHlmplo is ~ttwn fror., 1t •. 

'th-e Sttp(H>e~. 0£$.§JUV -The stopeook g~'({a.e.se 1s a 

tirnuJ>--c·o o:t'0rroi,,. It ~sorb$ hyd.~Qe$rbons • only tG gtv.e 

thf>m out at tao 1r,teir t~tm0. It ts e so:u:roe of .0,0nt$ln!ne.tlen 



both to t-h@ di$tt-!. bu ting 11ne and the m~e_$uring b'U:r-ettes -., 

It w-a.2 thus dtHtirablsn to f1m1 a grease whi.eh C--Ottld be ueed 

in the ~n\alle-st quax1t:tt!e-s rii'id yet p1~oper·lt lubrteatt~ th0 

stopcGek@ . Non-0 0f the e-~N!al gl.'tH:\:Set w-o~ked p~t1cu ... 

l s :r1f w<z1ll. .. D-.D-.. 1.'itt;tlo~ of the N0orm~;n ir1dg~ Ltl'bOrat~f· 

had nmde s~m9 g:reasG t~m $. tovmula. a-~1g!:rw.t1ng wt th 
\ 

P~OcfG;fleJO~ it. s .. , i!Qoth of' 1/'ifGst0rr. R&$~1PVE? Utt!VEsl?'$it111. 

Al thm.,qh t:h~ p.~t:tettl e.r p:rOJ@-t"ty of th1.$ g~~S.St). VJ'Q,$ erup-.. 

pOtltf}d t-o b0 1-ts ~'ld.lf.t,- to w·tt·b:stend: !ligh vaeu1.1m, :l t WQS 

found to wo~k mu.ob bett•~ in t~ enalys1,$ tipparat\1$ tl::.en 

~riy- othet!'. Al ·SOt the a·bopeook l"'em~.ned lttbit:•1e~t:ed ler1ge-:P 

with this g~tl&.Sft than wt th e.ny otbet-.,, <lone.equently 00111$ 

w $ pr~par-0d oSs follow,a. 419 .s gms., o-f 'Vtuu11ltne end 

2t,. ;t4 gm,s,. of patt~ffin wr.-H;,oe· nw1t-~ t:o~the:r ov~r an oil 

llnth k,jpt ~t ~ t~mtHU."at'llx-0 of 141 t,o 155°c. ThG mf:zture 

~«,1.~~ eti)'>1•ed by a meeh&n1.'oal flblrrel"- thl"Gugh..out tb.:e @nt1r0 

oporet1011- ao .•. .$ ps •. of putie ~ ~u&~I" cut i nt-o oub.e.e 

eti1•t-.ed u.nt.11 solut7-.en. was <H)mplet~., which tH'l t~k ~JS t.i-o'Ul'e -

Th$ nt" W-$~ tMn &VtM.m,Q.t,Hi fvom a'bov,e th'O minu.:tie fer 

1.5 houN t-o :remove¢ e.nt 'bubbl(ls •. the t~mpe-ratut-e of tru, 

o1J. bath dropping to 110°; . 4\lt"in-g th:ts op@!"e.t1Gn• TM 

m.br.ture ,,ae th-$n 1 0 t eool, $1;-111 und.~r vneuunt. Wh0n eol.411 

1 t we.G r0m0l ted ov&r• a watet' b-~th nnd potired :tnto eon• 

thit1g not usudly sGen .ea $ p.a~t of a ge.s ~alytrle {:);pparatua . 

Much flXptt:riQtl~- te,,u~bt tb,ot the pt.U"!ty or t he- o~gen ob. 



t :a1n.od ootmM~reit!lly wa$ opon to que~t1on,.. ·.-.rhe impu~i~y., 

as~.med to be n1 trog0n. could oo detel"m.5.tHtd, but not 

tH>~t:teulal'lJ G-0.0Ul"'&tely • a.s there we·re only a few hmtjoo. 

e~ed~hs of a -oe~ ln a sample, -of th~ size wh1ob could be 

an&ly~ed ia th~ ap:parat'U$. $Q the. o~gen ~s g~n~rtit&d by 

e,leetroly.EJ1e ace followe ~ The en,nto.1ner we.e a gl.n.s.t1 eyl.in"" 

d~r 28 om. high em,d 7 cm. in dt.am~ta,;i,.. In tbi~ w~e pl •aell)d 

• sm.all0r ey11nde:r ll>.0 om,. 1n di~Gter ~~te.nding to -w1tl'dn 

a few mill1mot~r-s. or the bo-ttotJI• Thtrl tnnet .. c:hani'be-~ o<m:• 

ttd.n~d a platinuni anode .of 2 e:q.,. •11-., refl.1 1 ta leed in wiv~ 

comlng through the eute-:t <,hsmiber• 1n.su.lm.ted !.n a gl&$Si tubth 

The ou.te~ chm1tbelt eoritain.ed a o·atl1od.e mad~ f:rom a ep!P.til of 

ntek(i)l vt1"te•• A glttse ttibe wns 1:u1Haled. to the top o-f tbe 

1nn~-:t' oy11nd-.er, o.nd r,an to the 1appttr~t1..i.s. In this 1:loo, 

for ta distance of 10 c-m •. , WG.$ pJ.a.eed pa.l1A.-d;1'\l!l'died as.b~ntoa. 

aoo the 11nGi surroundQd by a h~-at!rig ooil kept at a mlll 

t-ed he~t,.. Juet v1e1ble in the d.e.rk. t.l.t:h:t s w • s to o.xidi~r, 

tmy hyd:rogon whl$b m!.t1Jht bav~ ~ottGn intic the olcy'gen bJ 

det\t·s1on f:-om th~ ca.th<>G'l:e .♦, Al$1!> in th~ l1n& waG pls~od 

11 tube: oonte-1n1ng 1 p-eroent pot.as:s1um hydroxJ.de • th~ough 

which the OlQT(;f.5f;l bubbled. ~Qtuirnt{l!d bu1um hydr>ox1de waa 

us~d as thG el~etrolyt:e-. Th-'.s alwtt1a oorite.tnEJ aom$ cs%'• 

bonat-e• f:r•om V!:l:d.oh 1t 10 po~sfblo that tttae~s of. tl~?>bon 

cUoxide raigbt e-olltt) , nd h~nee the t>ul'Jbl1ng tube \VGl:S $dd.at 

f%S a p-~eeaut1on.., 'l'h.:e pota.ss!.t,.,m hydl"'o:d.d.e oolution wns 

h$.ated 'bef'o.tte tn..llf o~yge:n WG$ dta,,,m tbl'Gttf?)l tt into the 

eppl;\re.tus, to intm?>e that the oxygen would b$ satut--at-ed 

with w11ter vapQr., A out-r~rit of 0 .1 ~~1:'-e trom t'¼. $ volt 

storage bat t~~"Y r~ thr<ntgh th0• g-ef}0-V~tor oont5,nu.ously, 



the oxygen ooll~ct:tng above too 01-eetl"olyte in the 1.nner 

ehembe:r . An outl~t through a ,,1t,t€'r tf!ap was pro,rid-ed EHl 

that just bofot"e the e-mount ofo~gen e-o.lleet1ng a'beV$ the 

anode was suffie:tent tt> unoovor H;,, the p~~>t.H!i.U'-'8 'tnJO-twl♦ 

groet enough to oe.u~~ tbQ· -oxygen to b-utible out th:ro~ 1t . ­

Gl.ase \Vool we.s ple~-e-d l..n th-e line just ~bGi!e the g~nffat-o:r 

to catch any dl'<>plet-s or eleetr-e:tyte,. The amount of' o.x,1~n 

eolle--oting ebo~e thG ,anod" w~s -about 250 ce. 1 auf'tio:t0nt for 

e.11 analy es made 1-n one d:nt• All trot1bles h-om 1mp\.W1a 

o:,cyg0n die;apped~.tl- aft,&~ this f!;e!1erf.l.tor was instttllect. 

Xb!.~.!'!l~~!l! ,:\l~i!l,l 'Phe r,1bb0t' tub1.ng 1u1e d to eon ... 

neot the ve:r1ous p1.e--O&tl of app$.l'B.'tm.,s to th .. @ d1etr.-!.bu.te~ 

- :nmst be ef sood gttade. Phy-s:1o1a1u.1 at~bho1roo-p.~ tu.bing was 

found bast for this pttl.'}X>s•• The .1<>1:nts w0re rende11ed 

leak proof e.1 th~r by peinbin{{ wt tn ,;h~~ lac o-1" sealing i1. th 

.p1c1n. 

In order 'to make the method of ~nalysts eleaw, the de ... 

tails o.f e_ n~rtioulal'" an-tAlysis wi ll b-~ g1v011- We wlll eon.• 

Sid.el' th'3 'tat.mrple t~om t'hei CCH~.te·d tube ool19Ct-ed Ap1"1l 23. 

l93S, at. a t$~~t-'·atu-r-e of 5tlS°'<=•-• a.nd ~nelyz0d t~1:>r1l 25..-

1933.. :rn all this work:, l t ,wes eut1tomaey· to clti>sigru:rto the 

sample f'r·om the 'U'l'H'J:O~t~d tube e.n the B es;mpl.-e, from ·the 

coated tuoo as th4' R s1:m1pl.e# sind the unoxidized he.xanG as 

the N s&r1plo. Thev W,.11 be t-et .. rl-ed to by tb&ae l0ttq1rs 

f'N>m now on• 



S t,c . of etaturet~d batt1mn hydroxte.e ao1ut1on w.as int.rt) ... 

duc-ed i .n-to the ssmpla bottl.0. thl'•ough the lower eup. J!;.s thie 

was don0 in th@ ma1.•ning when the room wss oool0r• than when. 

tl1.e tlH].mpl0s w~P-e eollec-t"d• 1 t :ran 1n w1 tllout any tr-oubl& .­

Oare res taken ths.t no a11• ll;lntet-ed. Th& bo't't1le w9.s turneii 

so that the wall& we1r<1, all mo1st.j and ttie s~ple was '$1low. 

ed to st.f.m.d tor tbreG h0-urs .. fhis amt,tmt e.f barium hydroa­

icte w,as more th11u1 en-01..tgb to pr4)c,1.p! tste Glll t.he. carben 

d:lo1tid.e 1n the sempl~ ~s hal>ium eattbon&t$ . l'.t w&e found. 

aubs~u1,tent to th!.f! analysts tha't the solution COll·t"1ined 

some ber:tum pf;r◊.ti:'1~ ae $ti t i-npt,~ity,. wMeh entatloo a 

eon-ection... Attar thl' e b.ours 1 the sampl,e bottl0 was- huh:g 

on thG ga1 analysis app~rat.t1s., (HJ~eted tie :1te me-re'Ull"y 

:F·tH~ervoi:r., &.no. t he air 1n the line &b@v~ 1t loading to the 

di 8tributer we.e expelled . 70 ec . of Olt"J'$Gt'l wtas sl<>wly 

dre.wn h>om the Ollt:ygan 1ene9:'e.tor 1:nto the l~tt burette. tl\1.s 

taking about 4 minttto·s• 'rhe:n it was- put lnto the eombuetic>n 

ehtunber -t1tnd th9 ft.lmnent t'ltifi lighted for a few moments • 

This olcy'g&n we.e then thl'o-wn out. 1'.f'h!s we$ to elerut the 

f11 ft~nt.. Then about 35 ee .. mol'e ot o:&yge-n r:1as drawn, 

me-a$ured ,., an4 put ,.n the oombuetton ot.u,11-b.er ready for the 

1'1.ret oombust1-on ennlye1e~ A samplf) of about 70 ec . we.e 

twavm cut of the e~1~ bottle, n1es.su~ed• and pl&eed 1n th~ 

f'ree~ing ~118.mbtn? tor tutur·e ueith A ,50eond sample of the 

tame s1g• was 6!l'awn Dut, mee.aux-eo.. and lll aeed in the rig;h-t 

burett.- t or rut,11re use • The ~1,;nt bu.rebte hs.d a d~op of 

w.atl$r !.n 3.t . A thlrd -ssmplo of 70 ee . wa.s drawn 0:ut end 

m<l!seurt:u1, thus t>ca;mov1:ng $V~ryth1ng t~or11 the sample bottle 



except tho 2 ce . of' bai..,ium hyd1>0~100,. no\1 containing bc.l'lutn 

earbone.te ,. 11:l'.te thr(;;-e urunplee wEire t aken e.imult&inecn,,.$lf • to 

tha.b the ex:posu~ia to th(¼ ba,~hl!il hy'dt•·(>x1tl\'ll solution would be 

the ~ams fosr 811. , Th!.s 'thit'"d eemplo Wl\ttt bu.!t."n$,d as a:1::pl&lnetil 

previouely. 11'hs carbon d1ox!dn £01--;med by the eombu.st~ion was 

s.bao~b-ed by th~ potati sium hyd.rox!.d~ ttelution . .- ~11:e e.bsorption 

nnd moistQ,nb1g .aftet"we.r-41 bG1ng dtlfl ri> &.ts elq'}l.a1n@d iMhen the 

abt.H,wpt1on plp t te,s we,r0 desert b{td,,. Th (,:) e,toess ~/jon not 

used in the oonwuatioll wat> abeovbo.d by tho py1--ogallol..- ~ 

f1nRlly tho g,tu11 wa's p~Gd over th$ cuproue oblor,1d:0 t:'Hl1U • 

t10b, f.0~ 0 ;N~•" eon.$ alr<~adf g:'tv&n.. 'l'h!a p ·i•t of the nnalysi$•• 

Of:l.llod the f.1,:t>at oombu-et1on was no 'I f 1ri1$hed1 tmtl th& nitl'◊• 

g~n, whleh wa,:,, th~ gas l \-1 f t Qfter E.l,l the ot hei·s \'/.&.l'e e,'b ... 

~orbed, vnaa t;hrown out. 

70 O(h more of o:.eyg ~ were dr>awn from tho g~tWr·a.tor , 

put i n th~, combu~t1011 cbambott to e·ond:ttlon tho fili.i.ment. 

and thro\'2n wt-!t '!'11.en about ~6 ee.,. mor~ were taken 1:nto the 

P.l(M1.su1-trig bui"•ttrs . mo,:Hi!U?'$d, a.nc! put ! ;nto- the co-rnhut¾tlon 

chimfbor f.o~ n seeoncl oombutJtio~ 9t1Gl.7s1e . The s &.mplo which 

w·aa p-ut into tll~ ll'-'1ght but-ettG f'o:r ste:rag-e w,ae next put 1nto 

the left bur~tt •• •nnd ?"·emeasured. .t\lthough its volttme should 

be the ~t.me as 1, t • ·e.s v:ihon mea.aul"ed before • putting 1.t in.t o 

the r!ght bu~att~, !\$ e. ttutbte~ ef f ,(¼;et., it :alwa.yt tul"11erl out 

t o ~ ~llgbtly li:nmlli3:U, this dlmlt1ut:ton v ,arying,. and betng 

a.bout 0 . 1 tHh Th'.!.s \¥BS due to a smv.11 .amount 0f t be aa1nplo 

be1:ng abeot•tH.id by t he tl~op of ,,ate?· in the i·ie;ht wrette_, o,; 

adae:ttb0ti by t.h0 wall.$ • In p'1e11minary a:t'ud:ysetl.t th<t a&mpl o 

wee net m.easur~d ll'efe:~e 1. t Wa$ put. into the l"ight bul"ette , 



e.s the measuPffment mede when 1 t ~Jt'ilS· te.k~n QUt we.s cons,:td~l'e.d 

su:ffie1ent. A oons1st-~nt e'tror between the voltune3 at tht.s 

s-tm1J)le end the on~ bur:ne.a f1N;t df.sappeat·~ a,$ soon ~ t.his 

eeeond r-~e.t1:1~ Wt\$ madt: and. eorr,Httion fol" th~ abst>~i,t.toB 

in the right Wt"$tt$ n1f.i<le • Aft&~ tho $mffil)le Wta$ l'-fJl'l0~$'UW8et 

1t Wi\-a put in th0 pt.pett• oonta.ln1ng tbe Si pet-eent $'1Jl.!'\lY1e 

aoidt ano p,nuped for atx m.:.'lnutee to ~bso~'b t\\11 tu'!isat,1ira-t~ 

hydroce?<bo11.e e~~&pl ethellth A 11ttl-e Qf the unox!,di~eti he;x .... 

an& pl"eee11t i.n the e&mpl~ wiu, abso~b~ttl nitch~:ntofllly. ~ben 

the -se.mple we.s l'"~mQ•Ved to the $Ji,utial mo1st~nin.g bulb used 

a,fter tb.12 s,1lf'urio e:eid ab-eO!l}?t!On:, -sn6 then put 1nt,o the 

l&tt 'biir-ette &tid meQeu.r~d. fh't 1'$etdua 01" se.tur~ted. hyd.x-o­

ee.rbo1ts ( plus e-th.ene ) \.Vatt n~,i-t burt1ed, s.?Jd -the earbo~ di­

oxide• e.xe~$£l tt,xyge'n.. anti -e~lrbon ~ono~ide ce!lf.ng oft tr'$m. 

the pyi,o-g.~l.lJ.e $'G1d EJolutlon v:1'8!"9 a'b,strr•bed as b~fOt''&• This 

was the end ·of tbai9 s:~eond eomtruirb1on. No'te that •te he:ve a 

eot11b'l1t1tion ane:l y,o-1 s of th0 entt.tt& ~,ample-, and on~ ef th~ 

rH;implt?) les$ lts UJts.a-tu1>at~<l eons-titue,nte. 

Th& Sru'JlPl.@ far ~att:ng ha:d e.lr•ad7 bee•t1 put tnto tbe 

t1~~8z:tng eh¼lffl~~. Using th~ rtght l:.n.i~ette:, a prirt 0,1; 1 t ws.,s 

drawn. ().Ut slowlr e.nd th\91'l put bsek to get rid of ttn:, melt"c,,,y 

bubbles in t}¥'e lit:iQh Th$ tl&Vfd ~laek wn.$ than f1'.l1Gd w!.th 

11qu1·4 id.~, i:1:ru:l th0 f:rEJ¢:rn1tJg wt d~n:q, ·ee 0nplaln-0d. \U'l<l&l' the 

die~tNlsion of th~ f~f)0td:ng ehe.mb~r-. it-ter the f'l'tHl¼1llth th0 

ssmpl-~ was mtJ&.$lU:r~tl 1n the l$f't b,irette, ~nd then pump~n 

eV~l" py-rogalU:~ atl-1d to m0esur~ the ox1iten tn !t.1 wl11Gh was 

1~,t 0V$~ t.ft~~ ad«:l:S;tilon 1n the f't,ll'~ae~h Instea~ or eon­

ttnuing ond ttbso:i•bJ'..l.li o~bon mono,i11d(i~ el;mut 10 0cc . of o.xvg~n 



wae eu0ked. 1n. f't'om th~ gGn(¼ratov on top of the smple. 1,\$ 

mijneuNmnnts wet-$ made ~for0 -and t:l. f't-er thitt, th~ volume of 

ox;y6-E?n ~dd-ed wus knoWl'l. Afte:r t<lU8k1nt; ox.ygen filJ-}-~()t.lJ ft·0111 

the generato.r into ·the eombu.st1on ah&mb&r to eond2:t1oll th$ 

ti.lament., und th\1ttl ex:p')llitlg it:1 the fH:l;.ttq1le plus th~ QXjrgen 

~1'3ly e a,rb.or1 mon-ox!dn and m,etha.ne lJr&!r'J pr•eent~ thl•ea 1,Hae-sa.ges 

wet-e Ctlwaye sttf'ttei~rfb to eom}'.!l et-ely bu,rin them,. Th-on ·&b--ao1"p .. 

ti.one ove~ potttasium hyd~ax1de-:, pYl"f.)@allol and ~up¥®$ chloride 

WQ?';~ made as U$U$.l. SQ the anafy~s of" th& tl~e aronpl~,ii 

drlwn from the ,eampl!ng bottle we.s eompl@t&d. 

In o:rd~r to d~term!n-e too amount of e~bon dtoxid& 1n 

the entire s~ple,. e.nd. pt(Mttp1 tet~c\l ·01 th~ b arittun hy'droid:.d$ 1 

th® .f'ollow1ng procedtu,~ wu ad:0pt0d.• From 70 to 80 O(h of 

e.1r was dre.wn int:o t~a left bur,~t-te thl.,,oup-;)l Q test tube eori ... 

tatning hot w0.b~, in 0-:r-der to tn-eure its being tl&.'t.rurat~<l -

w1 th wah:r VQPOt-.. This tube Vl61$ f&st&ned ·t .e t:he :rlght end 

of th€, di.mt:r<Uruter.. Tl.1.e:n tho stopc-ook et tlw d1~tr1butett 

above th0 a-ample bottle WM open&~ tttom th& bottle at tbo 

l"1 ght end of tM l1n~. and the m~~eucy lev0.l dr•oppod just 

to the l ov.~,:t ~-to-peoek. i:'eh~ b-ottl~ had b.e4-n l i;;ft :full Qf 

1n~rot.iey during the pl.'~e,e-d1ng ttll@.lysc:uh The low<!tl' etopoook 

we.~ thG-n olos.ed, &J'ld the- bottle lilXha'llet-00. bf tt.tt~ch:lns; e. 

euotlon pump to tll'e ~1.ght end of th(1! dist11.r,mt0r1t Th~ 

Erbopeock of the (il ~tr1ht..1.t:er above the bottl~ was th.en 

elO-tHvd. B t'}e,,.. of 10 p~roenl hy4roohlcn:ie t:i.etd wu..s th,0n 

co.refully dre,wn i~to t~ bottle through the oup on 1 ti\l 

loW&r stopeook . Th1e we.s mor0 thlU'l suff:teien.t to n®utrr!l• 
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lze the btll'ium hydro.xi® proeent, a:nd6ll the <U1.~bon dioxide 

w&e @volved.. The lo,ve~ stopeoelf w1ut then t'Urned te be.r-tfly 

eonneC't with the mer!fu~y r-e-a~itv·ei~.- Tb$!'ff being e. v.flirutlll't 

within. tb.e mer-curt :roe&. The bottle was sb€tken dutt11')3 

th1.i; ope~e_tion bi QI'd0~ to ,d1$a01Ve tb& barium ea:rbon11:dre 

whioh hoo stuok to th~ walls .. When th.- ma~0ury f1llo4 

about two • . th!.rda of th~ bottle; the air !~ the _left nurette 

v1ae admttte-0 to it1 and then Bll c\re,wn out e:.ga1n into the 

left burette and moaeul"~d.. Tnti e.ix- oonts.1ned all too 

<U1.t-b.on d!ox1de o-~1~1tt&l.11 tn th~ 1.H:11nple .., Thht Wall .s.b~orb-­

ed by the potals1um ·hf~oxtd.@ tIO!utton, e.n4 the air, re"" 

n1ee..sured. It will be- noted th&t m sr1?ol" would i>e lnttto­

duced. !.f th~ air drawft 1n e0nta!.tit11d t1 JOOt:1.snrable mnolmt of 

earbon e:U.oxido . Ill ¢>-Nl•r to mQkQ 9. oort>~ot!on tor tbls_. ·a 

cmnple of' uno,t1d1z.ed hex.ane was tr@at&d td th barllmn hyo~o~ ... 

J.de e.oo w&s analy~ed tor na.X"bon diostde @xaetly as outlined 

a'bovo . 0.21 eo . wns obtatn.G41 .€tnd ao thfs amount <11e.s sub .. 

troot~d tr•om th-e \talue o-bta:tnE}d 1n the o<X:1d1 zed s-wnpl0$ . 

r.n the l att two ewnpl~s e.ollected, those st 435 ens. 4.6.3°c.,. 

th& a.iv ue.&tl 1n the eat1b<n1 d1ox1de detamt11nat1cm W$$ dravtn 

1.n thr~-ugn dtlu.to potatHduin hydroxide 1nstH!Hl d of water. A 

small oor~•eet.1011 still had. t -o be mad:eijJ hov,rever; as tb& 

or.1.gtnal t:d. r drawn thro-ugh th.0 Q01leet1on appnl"t11t1is o,onte.:l.ned 

the smQll smount of carbon d1o.x1de ust.1.allY tound 1n tlhe 

etmor:rpher$ . 

Aft~~ tho ane.lyste, all the mereul'y in tbe left mu~e-tte 

w.ae run out into 1 ta r&S$~\toir., ~nd. the :t•~tH:U:•vot:r t'lisnon­

neeted trom the appn.ratue • W$.Pl'l1 we.t$r w~.s then dl:'iwm up 
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into tho bu~ette tAnd l&t $tand. fol' 10 m1:nut0ti . 'l'hen it \twa& 

Xiemo,red, ~nd air ws,s. blown through tb@' bur,ette $.ll night . 

Bsf' thtia m.,ee.na 1 t ,..,,1$ k~Jft fe.1:rly elee.n. oeoEu;!ontil.lly it 

W$'1 el.$-aned ..,;;11. th ol&Qn1ng s.olution, ®.t 11.rna t-be ~..1str1.bute-r 

lln(h- The drop 0f moi~ture 1n 'hhe P-ight burette was t>~ ... 

movtld aft•~ eaeh se·t o.f Tall&ly1See b'y l)Xhatlst1on, a.nd fresh 

v-ate:P subst'i tut.ea. All eam.p1s bottltn~ wel"e e1$aned t1 i. th 

oleanJt:1e St)l:<tli1iQn aftQti· evs17 e.nal,~sia .. i\n a.nalysd.s $UOh 

a.e out11n~d e.b-0,r~ tcok ebou.t S b0ur41 to eom:pl1Jrte. 

Th~ r:1.~.t a obta:itteti 11,1 t:h1$ £tnalye1s ar~ g!vea :tn 

Te,ble II, wh1·0ll 1$ o~ the nel!It twG pag~s. T-:t1e mtinl/)ll1et&r 

we.a op~ned to th• oom,~~H~t!n. ~:tlb at tht> time of' thO 

ft:rllrt l?J$tltf\'nl~~m-t;i'flt,. w.h1cb w.fu11 th-at of oxygen.. ~he Peadin.gn 

tor th!~ o~g~n m.ea, ur,e.m.@nt n·N~ not fil>st 1n th0 table, 

howev-01:,. s.l:J tn;0:f Ei!'e put ..vi th th-& :re$t of the r,fa1<.linga 

made 1n th-<"¾ f irst o.miibutlti on. 1.t'he Vfllt1(} ~t the top of 

th0 left t'H'lluma 1~ ~hat thtit manom0te,-· r~ad e,t tha titt1--8 of 

~loti1n_e;,.. The- Ll f,t, t.n ~s.eh ,C-t'S!O' ti th-& n1e;norn0t•t• 'Nu.v.d1ng ~t 

th0 ra::rt1eulaP t1!t'ltt f3·u'bt~~¢tei\ ff-om this·_ 1"'-0adin.g . .as th-e 

,temp-M,-atur~ tat all tiJ~~e a;u~111~ th~ ~ntl\-lytds was. £\:Pove tht 

1nit!.al ten.qp0r!if_tur.0, al,l o.ot-i"'(let!ont;t t:r~ sutrtr.aoted-• 1:rne 

eor!'eetto-n6 we cdcul~t~d 'by the f-ormul ta tll.t-eaer:, g1.ven, 

nam.Gly, 

V # 4.tli x 10·• V A L 

Oo-r-. &~de fol" th~ 4'fi!.lmtl{l. t d eo-rx·eetioi1♦ S • ~tend~ for 

8mmple. 
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trum.omtt, 
Mmcl?lnl 

101.0 0 

&. fop f~fHUiing l OS,. '75 

·s . tor $3ad cOlt\b• ·1oe. 21 

s . fot• fit-et cfflnh 102. !'t& 

Oe fQJ' f1J'~t ()<>mb 1oa.eo 

Aft~it :5 e.ombe . 100. 2& 

After r) 
j:'M c.ombs . 98. 7& 

Afte-1' KOFI 97.60 

Aft~ PYN>Sttl. lo-1 96. ii 

t ... fter py~ogal l<t1 9.6 . SQ 

Gtfte~ OuCl 9~.-75 

Second 

Oa fO'l' 2M comb. ti.oo 

B f:()l" 2nd l!)Omb. ii. SO 

AfteJJ H2S04 91.e.c 

After 3 0omb4 9l. tk15 

Aft~l:♦ 2 eomb. tl-()c-.75 

.Aft~ KOi 90. Bi 

Afteir 1?yf'ogs.lle1 89 ,60 
. . · ;.·.~ 

Aft-e~ p,g~ogall~l ~\1 ~15 

Af·betl" O-uCl mu •. -oo 

lnt.Pette e~., 
eott., tt(!)f.1dlng l'&eilng. 

2. 25 o♦..ot 6'9 .11 SG .01 

t).QQ 0. 00 01 . 39 35. 3B 

4 .• '1.S 0 . 2.1 90 , 66 9()~t4 

6~25 Q. 28 90.87 90 . $.l 

7. 50 0 . 2& •12. oa 7).:,8.2 

a . 78 c.e4 $5,.61 oi. 2?' 

th&O 0 . 2s fii . 46 55. ~0 

10 .• 2& o.,as 5601t 4fi &s .• 17 

Oomb'tt,.s t t on 

12 ... 0-0 0. 20 M t 61 i4. 47 

1$ .. SO C«:.45 70 ,.66 '10-. 43 

li. i<l o . ,4& 70 . 00 eg .it 

1:5. 7$ a . EH~ 94 . 17 95. &4 

14 . Ei o-., $ 5 04, .• ,21 9S.56 

14.71 o. sv G0 .• 07 o/i .• iO 

15. 50 o •. 43 66 . 90 5&. 47 

15. 75 0 .,4t 16. 84 t.1& . j!l 

1~. 00 l;) .,44 es.el 00, $7 



tnar.omt-1> 
~~adlnt L.\14 

bu~e-t t♦ tcOt" • -
ce·t.. r~-e.:<i,.1\1 l"~tt;tU.ni 

J)Zl~~z1ng ed @Offibt:uiitlon aft•~ F.t-e~iinr,: 

.P • .ft(&r e n.,il~£:tnm• ee.-oo :u1.,oo o,.42 7~. oa 71.-65 

Aft•r :Pyt-oi~lfi>l 94.~ 10 .• so o . 52 02.11 t1~19 

Plus 0-• 

Af -t~,r 3 e-Qffl~-• 

A1-t$r IOI 

Aft$ll' Pyir-t'>$~ l ol 1<;,0 . llt 

At'b•P Pf1J!-Ojs.1lll)1. 100 .1'6 

1u.l' plua eo. 
Atte• lt()Ji 

Ga.,u 

ei.oo 

3.,tlO 0 -.,1,0 t72.04 71,. t <i 

3 .• 2& 0+.11 70 . 20 70 .0S 

~-,t-5 (h -11 so.oe 1@.,tJti 

4,76 0 ..• 14 60,07 it.ii 

e .• Qo o .1, eo .oo ithi ~ 

e.s.o e.24 11 .• ~11 76 .. e~ 
11.:00 - 0 .21 ?'J . M 1i . 21 



OALCULl!/!410:ti or l;. fflr1':CAL S~J!PiiliJ 

F:rott1 t 'be da1l$ gtv~n 1tl 'fe:b:le; ll1 it ts posstl/>le to Gal• 

culatG thu ~tu~e of the Pl,"04uet-a of oxld$'tlloih '?hf! n1ethe4 

of dt.llttg tb1s wtll now bG glv011. tt $a f'thnit no0,Ql!e~7 tio 

. E}tttabl.11b s,()me volwue r-(>1$.tlizm-tsblps wh1eh ~e e.atl'tnttely ua·e­

t'ul l~ the C:QlOUJ.atlo.nih The$• r•l.tit1onebtpo.1 al.tho~ $~ffl$ 

of~bem ~- p~aet!ce11y s~lf•&Vldo~tl,.. wtll be stJ:nb•d ~ 

pt~oved tits tbe0..,,.me • ~ s~ls ro-r· tho ehemte:&l ootn,o~ 

Wb.$1 ~5!el',lll!4 w111 be oon1J:1d~r-"'d. to st~ to~ the nllnibfJ» 

of cc.. ( ()P ttt,~ rttl$lx➔-1' ot ffi01.etJtt ot· tho.t eom1;ul•d• 

WMS~•· &11 . l -f a vol.:u.mtJ V eonta!nl~ onl.J ·mt.. dd 0.,...1'8 ...... + ,,.. 
A~ k~ .~ • j:& . ... t,i,;i 

•llftlltl D I if t 

P!-OQf. Th~ co , ~nd. 0n~+t bum &00'$t'd1ta:g to the) t qufl.ti()iU'! 

~eo + o. • 20:0. 

fOttl\in+i + ( Sn+1 )Oa • ~o. + 2(n+1 )H-0 

~d the, ve,lume l'@l.st1qn$b1p$ t ·o~ the combuetltln of both give 

go., • .I,!+ nOnBen+i 

~ _ ½ m + m~;i !!~Jn~ti 

fh~s.e last tht-ee e~ue.ttone entl bo •olv~d for CnH~n+-2, 9'9, 

tmd n, £i1Ving the dsud.l!>~d !'el0.t!,<.nishlp$• 



!!!@frGln !:t It fl miw.ture 0 -f !!&tm.·,ated h J<lWO(Ui,1'bOl},,$ tUlO. 

olf)flnf'J,$ :1$ burtu,d,, ust.ng £!&, and. f~rmlng !,Oa• ·tM V$ltutie 

ot the sat,-.\r-atfltd h?fdroe-arbone bttJltw'4 ls ~ • ~.Oe • 

The t;-q~ti.ons f'O;!" thG- eom~etf.on .fl\Pel 

ft'le t11J£n+.2 ..- ( sn+1 l?a • sn~i)• • ta(r.i+l )R~o 

tOm"'::::: .. + ~ • amco_. + ~.o ...,. 1-:.::a ..... 

DA,£9.;II -. lt o let'i:ft~e al ru~~ b\lm, ue!ng- o.,, ~<l iOl"ll.ii~ 

~?..,, thon f ~Jt • o~ 

P.~OG:f'J ~~1$ f')llowa dl~e.et1f fr.-em the equ~tion re:ti t.he 

co.m-butrtion of Ql,etin~:.? ,.. whtab 1$ 

IOmffn- + imO~. • 2m6Q• • ~eO ...... ~: _.... -
flhfU?t&in 4t If a 1ntxtuJP$ of ol.@fiflf)S Md h&l(.,ane 1:a bur•ned# 

@ind tl:1.e oXC(l$8 (lf' O• -over ! ;:J,a 1 s tt.- tl~en 8;1t h~une wex--e . e 

volume o:r th1' h.e1tan& . ., Th&n the- .equation to~ th~ e<,-mb-uBt1on le 

2y-Cnll2ri +_ bC8B'i• + (. 3t'l1♦19'.1lt}Oa • S{ny+Gje)Oflt\ + 2(ny'°"''7~)ti,-0 

~be i.e. fo~ the <:Hef!.n@s f(1.10no '!$ ! 00.m by ti1l9orem s .. , , , 2-· 
Hl9-~e .! 008 o 3(-n,+h) • 13'1 + 18« B .........., .. 

'But t'here a:re any + l9x o~ t!!:Ctutilly us-0d 

Th9 d1ff'01re:mo~ ls ::t_, -t-'he Oe .fo-,:,- ·ihe he:xane., 

But 2~ h$~Qne e~a pres&n,. 

So tv1toe ti'ho OXO$SS of Ga . ove·r .3 oo~ gives tJ:ie ~OU.l'l t or 
- w-- · • ~ ii, 

he•ane prea(tnt in the mt1tWl'l'J .. 



of o. u-e l'l~~e:4, e VGlmt.!e.$ ,of (l0,fll $1"$ f~r-1-ne-6. ~00 th& 

tota.l eont:re.~tion 1s 4.5 '7-0l~th 

p~,e,oft '11ht.s l .$ o·btr!Qun fr'Qtn t .h.$ &(ltt$tlGn felt' tho eom\lustion. 

Q.0 fh..,. + 9,..t}()~ • 60-0::a + l'lM~Q 

A dietus~t-~ ot tM oo-mputatd.<l'>nm nee{Hlltsai,t '<d.11 ~ - b$ 

g1V9ll♦ 

:n-em Ta.bl• t!:1 dtff~~4\lilrJ$,.$ ~J.~$ '1$ tM tm);ott1•1 t of SP 

~bso~b,.d ~J the dJ.f·t•nnt l?e~l!iinta,. the eontr~etion l?a 

v-olume dt1t"lt1{!; a t)()llm.\tttl<m er f~•0~1d.ng., $te • It,. the oom-

bi. .f1t1on e.J?.aly.e-es. the dtffel'!<@ne-s b-etv,~~n th~ vol um~ of the 

<wigini,l :eom:~l~ and t}-'%,.e ntti"og~n wb,.\eb lt contud:na 1~-• d:e--a1t .. 

nt'!-t&~ ~ w,, wbt.e-tt evtdtiJttly ete:n-as t~r- the ~~ -of thG v~l• 

~-$ of' th~- v~rft)u.& · ~,®,rboit g.ompeunds ti$-d ·01&7gen lmf't t1fta-l? 

OJtidatlon • . ~a s t and$ for totd o·o.ntra,0tlen dur1n~ a com .... 

truet1~n . ._. 

5,evo~e;l. oGrr,nitlorui tnU$t 'tna e,.ppltett.. All. "1Ql1;1.ee u.sQd 

in the eumr,ut~t1on$ al"e thoe-~ r•eteP"P~fl to nt trogon &@ 100 

v ol:wtt$S • fl'l1 s l.f9 do• ao that dlf'f:&r,u1t ,ar.ualystl;s, stit7tt:t.~ 

1nts with ver1QU'$. :.d~e e~l•~;. may tffl compa:l?$d., 1-n a 

par~.!.«ttl.$.t' l"'t.m:1 the v a.lt1$i, aet-u:sll:r obt&.1nao ~r$ di vi-<i:ed. 

hr, tbG v.elue Q f thG fin~l nf.tr0-1en end. ttttilt!.pl1'1C by 100 .• 

tlh.e,,~bJ eonv4J~·t!ng th~m into qu-antt t1e{ll whi.eh oan -~ (301,lt• 

P,EIV~d. with Otbel's .. 

In . tho s&Vtat"Ja1 ;rt,l~t1e,1111lbips involving gaseous vo.l\U'llles,.. 

it he.s Mi$1'l t1te!tl,- as~-um~d that all the gesee b~b.~ve as 

perfect. gn111e-e . A o,on,td.nua.117 reeur-r1ng $t't'Of' tn tb0 ~-•.., 

sults "Was fot.md t,€) l)e due to th0 feet tb~t c.a:1,·aon c1i.o~1de 



Ile f~ enough removed hc;m a p.~1~r eet gas t .0 hav• &. volunui 

mtHl~lJl;"$.b1:y- emall~r than !. t wwld h &v0 if! t 01'~7ed. the, PEli'-~ 

fe-et g-as l ~we.. F~om th~ tnt0&~~t1oru!l.l O~i tio~l t' t1bl~s it 

W$:$ £ourld t:het at ~ p:N'HHiurr.e o-f' 742 nmi,,., of tn~il'O:UlP:f' and a 

t effll)e:ttfil.t-UN of' ~3°-C.~ th$ v ol.um¥# of C·!ct'bon d.l~ide is 

a•.4a t}a~o&trt, #mt:.ll&rc thQD Ui wtl~:t..~ t:e 1t it w~u:"$ s,e per-­

fe<Jt . .a g&s ea td .. ·tro~~n. o/his eo:v:rc.eti0n ii Ch$ p~r-.. e0.nl 

s.it 742 ~. ~tld o•t·• The :<u):ti:t~.t!on 1$ nm~ t e n:t. t~¢g~tt 

ll'&.tbe~ tn1ari to a ~rf.~et gas. flt! ni'bl"ogen 1,!!! ue~d. $c.S th• 

t1: tauit1a:MB. l"i)f<.!,r,(;n:O~ tn th1 e w~li"k,. At ro-om t~1npera.tt1r0 \llJ&a 

about i~0c •. ,,, t~ troil~ime of 3atl>b021 <U.ox:lde G"btru.nea by di~tHlt 

~,ibtrfi{¢ t 1~n of th$ b'tU:i~tte- 1~e-({dtng£ll btd'-0Jl$ 8.'.0d l(\ftG'%' p\l>te..ss-

1.'Wrt n-,tlr ·o~1de absel!'pt-1.~ -.it.:.tt ~ - ! n0l"e,a$~€l b7f o .. 4! p~'.r'4'~llt . 

'?his 1:1 .ff6'cta th$_ ~ t!UU'b o'l}t8.1tHJd for, blie tot~al eont;raet!on 

in th~ ¢ppoe1 t ~ d1J?~etlon. eo tb.!.a ttm.f.1;. t be <l$ere,s~~td by 

the $t:tln~ number,• 

It 1.v1u1 ;ft)und. tbtlt t h~ bat-!um hydrondQ -ueed to Pf<·G• 

eipt tnt~ t he e.&rho:n d.lo:-d.de 1n t he sampl<3 bottle~ eont$™d 

so?M> • b•fl.l"!um p~t~x1dih: An nnalys1ll or unoxiditl&d h¢xane t<> 

\Vbbth had bEJ(¼ll e1tld~d this bnr,1um t11dr0xld.e tl!Ol\ition ·SbQW'ed 

that :for e(f,tob e(i,. or btt~1um h:,tb•ox!n:e a<ide<l; too G*;U~~n 

p·ree:0-nt p0:c 1 00 ee .- n1 trogen wa$ 0.12 co. gr,3atet- t hlffl 1 t 

eh.(l}uld :&a.e. so 1t vr•&.$ n~ee--:HH;1.~ to ,aubt:rsrrt o . .-24 ee t'tirm1 the 

1ral\ie o-t the llJf1£~D n~so~bed e,ftoJi' f ree~1n~ t .o get the t:r·ue. 

Vtil'tl~ l ~rt l i :ftf>r o,:,d.d~t10n !n tho t ubes. Ti11s must b~ ®ti~ 

1il.ft:0r i;be, Q.lql'g0n h~s bt)on exp»"•a*~l ln. t;a:t1"ma of 100 ~o ct 

ntt.roge-n. N·ote tb&t 1.n c;,ombti~t1on o a.leul.atton.$ m1;1.ldng ,1~• 

o:t the $flottf.lt of o,cy-g~ri 1n th~ st1rmpl<i>'1 this o . 24 ec.. ls 



not subtr,aet4:·d~ a.~ th• Qn,ly ·thing wr.amt~d 1$ the 1}ota1 ~t 

of <>11:y'g'(ifn $(Ve.ilable fo~ the ¢-Ombuttite-'tl. 

FX'<>'lb 1b/h0 t.~tel. .am0<-unt c,f.e~bon d:t.cxi~ f'eiua<t to b'G 

pt-$S$'nt, o . ~1 co. nru.et be subtr~t$d,. &.S th1·$· et~ ,~ 

thft $117 addt1}d d1u•1ng tbe ·&it&~iine.t-1 on. 

As the V¢l1m¢! of t~ s~;l,$ bG:ttle ta· k'l'}.<.~, u •• th~ 

&mC'Unt. of nitrog~n p-resent 1n e. knov,n ~ount of &mllple- 111 

kno·nn f~em .a1t~~ t;be t tn·t o:, a-e-e1l:nd e~r,1ibu~t1M1 tht\} tc)t~ 

n1 t~o$en in thi& t,i:rt t le f)tm bo ¢l\td.l:y oal.O'Ul-0,,t$<L, /t.ij the 

eo.1-r$ot~4 ,,01um~- et eQ~bon d:l~~ide cH'>:c<~~sl)cynulng to tb:ts 

·. l'tou-11t of n1 t:rog~n htt$ l:eef! det$~1m,i. t -h~ amount i;,~r 10-0 

ec. of ni t :r-c,gen e-.a.Jl t:-e oemr,1wtett.. -fhtl Vttlu~ f'ot- t}.'.ttl, tQtfll 

n!troig~n d0ta:i'm1.nod i~1 Md,!.Jtg tli$ th~ee ? a l,J~s tow n:tt~gen 

obta1noti at<t1~:,. tb0 fl~st• s-.Geond1 an • trGe-~!tng an~ily~ee.• 

woolr.l b f!} @ltghtlr ·otf, ae a ,m-all $t!l0Un-t of nl t1•,ogat1 w~ 

lGft 1.n tlle :ept2-~l,s of' th-o f;t·&~i,1.ng Ohttmber • 

!abl0 l~tl-, on th0 next ~g~, gi~,H~ the vo.1u.e15 tH-i.leule.ted 

from Table :n:. ?n. th• s~e:01?.(i eembustton, s:t te tht voJ.mlls of 
1 

th0 s1.mr;la. st't~~ abiiorptt~rl by s1Jtl.t-tu~1.e e.eta, e.nd. w la the 

cU.ff8P(1'H:1cs b~tw•e-ri this V-al,1,0 ~l'!d t'.he f1nG<l n1 tro~Gi'h the 

tho a~, sft~~ oo-r-!l~e:t!.ng to nl tx10~?-n &s l O<) eo. • &.s the 

.ean1e ~s.1upi(? w~.$ fi/:ttil?t:Gti. with tn bot'~ ctu1e$ .,. A oorap0.~1sen 

of the$'!> v~l.'UQs !ndio·ntGe tht ~u.,eu~acr of t'hQ analys1$ ~ 

If t~r do not dfff-g~ by met--~ th~n 0.-10 111 abaOl'ttt.@ v~.UE'&, 

1t moanrt thiit the Vtil t1.~e r;,f the ftrua:1 n:ltJVogen rtnd. o·l'igt.-ru1l 

eempl& 1.n th0 t ~1Q e~StlS we-,:;c i,~t oft 110:f'e tb®n aoo.ut C) .os 
co. -e,$.ftb, whioh !e th~ llm!t of' t.eotu'8ef>Y • Tb~ abhl'evi~ti.on 



v-aluea ctl.lcu!ated b ,1 le,~ of 

F1nal N~ 

w 

s 
fln&l Na 

w 
01 

w 

"' eo. to-~li 

Oa ustd 

O;;a tt'berl:rb:ed 

F1n63. w., 
OC>l!'ib.. an.i- Vol.- ~d 
fr~01q 

00~ form&d 

0 UM I! - • ·, 

.r,om ~11b·l~ II ntt~t')~ aa 1.00 

69 .ff, 

55,17 

11 .• eo 
1e.,e 

10.11 

1.0,ee 

56.57 

16.16 

o.,e 
61.,$4 

10 •. 40 

1., •.. 11 

11.34 

,.e, 
w.02. 

1.-S-& 

1.15 

1.1s 

2s .• 2@ 

24. 98 

M -.17 

5 . 09 

1 .99 



01 1;ui '.!'-'d in tha s~eond 0¢mtroat:tom sit i;,.!\1!$ t o:r ~t wn.$ e.b-t1~t'•illlll 

~ 1n thtb $'.Ultu~!e iae:ld plU$ ~rryttd.ng ~bBO!r'bdd 1n t~ :rtgh~ 

o~:r~tte •1.1~ th$, tHi$lpl~ w~e ~t.an~'1:ng tru11l"~. '?b~ v-.e,ltt• ol. 

ox,g~it ab-~~t!'b~ t¼ft~:r fi.~-0,-1~ wh!e-,h 1s g:1ven tn th~ te:bl-f.· 

hu nQct been eor~C!JtsttM.'t 'bV 0 . 24 e'6. aa- 0xpl~1n~d £ih,.-,vo ., Whi~ 

ls not dGn0 . n.$ thft uno~?t'ui·t«\ VQ:t:u~ ts tht\'t on~ 'tl$ft!!:'i t~ 

r.J>&m the dsta t r1 ~abl -e- !!l 1 t 1 e poes! ~ ~ to e :~lt,111 ~te 

t he p1•oooete at 0:x-tde.t1o4'l;., -1~htt w!U now m) d,-:>~. 

~~ tuel ourn~d -, .t ~:; e-w, f~tH~ stt1o1 eh:G\uld coi'lt,$111: <)_nly 

{l,,ai•b on d.j.~.z~1;:tfl.;: ~J'ld $$.~t:tr~t-•d hJ'tl;r-Oetu-'bons ·• ThG1f t~~t), e~1. 

t u le.te;d by trubtd;ltut!ng ln tl.i-e .Q~1l~t f r;,ns of Th@t>t"~ttl 1* 

We $\lt 

So t~ e~le- efln~t~li~ft,, :P-e~ 100 n1t:eQgon 

e •. so Mt,-t b a:ne 

Ne~t the tu~l e.bsorkd. b::f the $Ul t 'UP1e s.e:1d w111 bo 

dfJt~tim..-tn~ .. :tt ~hould 1,,~ mn olefln.0 pl ua &1 a1nall tmount or 



htl)clUiml:t W,$ kn<Yw ,f:roni the t \ !NJt 00ttt'.t)U$t1o~ the tot-al am.~~, 

of f:au•oon ~:t-o;x1d~ to~d. a?Kl (H!.,7~;1- tt~d w~eh t!ie $a.~l• 

W'.J:\ts tru:~ud.. fh-$ ~¢--c~:tid {)~ttu&-t;i~,-~ et \1~$ , , }) ·th~ ~~tH.1n 

dlo-~!-~ f0:rm$<li, antl t.>K?-'~~ '\U'i~d arbel' t~ , tttl!'ut-1,e $t:1d 

~;~ao:rpt1tlllh, "tien-4~ t~ u!fi"~I1'$1'Hl~ b 0t:tt1tll~1t thea-e- velu.~s .1tv•s 

u1 tihe e-~'t'bon ,ai~:,ti t'i\t wh1~h w"~ld luttitie 'h$~n for~ fi:t\d. the 
' 

oxrie-11 • wllt~h wo'Qld tta•" b¢~n us~d !.f th~ con.st1 t u~nt. wh1eh 

1;n i ·~ ei.:b$Oli"~t'i ny th~ .tml fu.:r'lo it.el;t3. hidi t>!\}ei, b-u1,..n@f..,., 

o. 
,1.e~ 

.f?&in 
@.14 

If ~ve:r7t 'b1ng iibtol'tJ..,f Wl)r~ nl.~flflijl',; 1 .. i · ti!~~$ tht 0-0~0¢.)D 

~it()X!.d&· $b0u!Ui @111~ 'th$ 01t,•t~i\ b7 fh~o:trd a~ If th.-rt e~g(i')n 

U$·ed, 1 a 1n $:t~<Js.:, of th!:lt:.,, twtet& thf. e e:m~.eHtfJ glv@s 'bh~ v~J. ... 

ume ot be~1m•, bf 'fb&~m ' ·• 

1 ,.a at t .14 * 1 i~,1 

$,0 the o.qgeil $$tC.lciS$ t .s o.le 
so the b&Hn0 e,b$¢t:f'f.){})d ?ly th0 !Stt1Jfttric 9.614 h&ii a voltutiQ 

$:I O-.i4• 

tn <n--4-ol" to p-t th&· ~$ul!t e,t h~b<,,n ~1t>a1d.ii and o~gen wnioh 

'.W'(J)uld h~l'C½ b8$1'l tor~d &:n& 'U-Sed it the a\>~Gt'b{ld @lef1~ bruit 

b$on b~ned,. ·~ •st eubt~m;eit tb~ euit-011 i:u.o~1dfl ~,, ti-~, 

$.X,gf;n wh1eh ~,0111e have been. f():r?,.fl~d •nd 'l-\.ti'ed by 0"·24 b4)11t:e.~• . 

From ThtotteJa ,,. 0.-.24.: h-~~ri.$ ':YQ\Uf to~ 6 ll Q, •. tM ~~l\'OQJl (U ... 

o:xidt, ~rid ~qu'l1"~ 9 . t ~ 0 . 24 •~gen. 



c,. 
'"'14 

Oa 

lZ.-13 

.. ,.2,21 

11.u 

Ae, Gf.oh cabon at.om in the .ole.f!ne reqit1:rea one. ox,-g•n 

moleoul• t .o ~ 1t to ca~ben 4.to.x14•• 7+'10 t.Jf tbe o•ie~ 

would h6ve bo&'ft us•d to burn the ea.r'bon tn th• Glettn(I• 

ffhe ~•et, wbt.ch te 11.fi • '1 •. 70., o~ 3.8&, would have b$M 

used to bui•n tl1e -~en bt the ole,t1ne • A• one o,rygen 

mol owle will l>ttra 4 byaroi•• e.tc,u to wttb$l9t 4 • z.s1. 

or 11.te h'jdirogen 4toms we,,• pv•ctel'i'b• £4.o w• get <tO • 

•mper1$a1 • nml• tor · ti. oleftne• ttbese .. 'bed t 7 .~0110•4.,.. 

iniE> vol.UfatJ W ot' bbi) esttiple t• 10 •. eo f'rcmt the rtr•t eoa­

but!tl ®* and e&.,.10 frQnt the e:&cH)ttd• The 1;1;vqr111;ge qf these 

1e 26.l&. The •ol\llD w' a.rte,. $ttlftw!.o acd.4 -abso~pt!.on le 

2a.aa. ffo tho • ·olwae absor~4 ia the dlffe-rerice Gf these 

t.wo valoos, o,. 1.11* to to get the actual fo~!il!l.a et the 

oleftnee ebaorbeltl• ,,. met d.1tt1~ the 7.70 and 15.40 by 

l.S&, gtvtng u• 

1.eec 4 ""9,1t9 .f>, 

fb1a oen be co11eldo:r•d eo.etly 

1,.&i O•Ha.o 

Let us s•e lf we ,cmtt 4etermlrHt how th1s r,tenten• w•• 

fOl'-lliU• • If w• a.t'la\ll'Mt that 1 t was t\ll f()l°'ffled ti thell' bf • 

crs.tld.ng or ~ - trl th· the fol.'matt,on 01' metb&MJ, a0,eor6• 

tns to the •qu•tto• 



or by the ox14e.t:1on of he&ene with too forme.tion of 'Oa!-l:>on 

d1ox14o •ocot-dlrig to the equetlon 

o.H1., + eo,. • a.,Hio + ••o + co,. 
th•n t'M sum of' tho •01-.• ot the earb0n dtoid.4e .Nt4 

m&tbme ebould gt•e t ·h$ vol~ of pent•n.~,. fbe sum 1a 

l ,.oe • o.zo • 1.M. This ls about as good a trhe-ok wtth 

1.&1 es ea be· •ap•ete4, e•pee1e.1ly aa it wlll l'#.e t1hown 

late~ that eoae ttheu was probnb:J.,y f&.ra&d tdso, whioh 

1e not tekeri !.nto tMtoeunt bet-e. At a-, t-ate it it quit& 

oei-tain that th• oobon. dl-o-Jt:1df> i'o:rmed S.n the oxidation 

t • e prQduet ot t'be otetb1• ree.etton. e:nd not of tu 

llld•byd• r••c~i()n. 

It will be: not.$4 the.t th• odbon monoxide tome<l h(;;.8 

not been ao-eotut-ted to'¥" '.b'f thf'I .o\$f!n♦ 1'4Ulet!on. Wt mu$t 

ther,•tore ._ • . ~ that tt C~$ trom the aldebyd~ riu~,et1on. 

Tn• next thing to de ie to Justify tn• sepairet1on of the 

products ot curUetloti int• th•u•• two group•• t'A•t us e.s­

sume the.t al.1 of tbo eenetltuonte of the aldehyde t••act1® 

except the car~ ~Qxtd• &'Ir·• in th• p2:'ee1p1 tate • If 

this :ts tt,ue1 then .VOJ11tb1ng tn th• g-•aeoue tHiutiples 

mua::tyaed e:xo~t the ~obon mono:d:de wst e1 tber be tll'l• 

osidt~ed hesan•• Ol" \te e.omethlng fo"1.ed from he.xe.n& e1 bhc;.­

by ereJik! t-18;, us!n,,- no oq'ten, o:r f 'Offled bf o.x1dat1on, re­

tul &tnm ln thfi fQrme.tion c,f ~b~ dloxid~. If' this t1 

tJ"Ue,. then, after eorl'ectton fQf' e.QJ"bon. motloxt<le. and 

addll_,~· 1n ih• tobon diwt!.de nrui or.,g•n wh1eh was us-4 

in the reaet1on f-omi ng t-ble ~titlbon d!.oxtd&.. the re.tlo 

of the carbon dl0~l• tor-med f!lld the ~qgen used in the 



first CQ111bUst101!1 s:hotd.d ~ . the itemD at if pU,t'G h~~(t w&.lt'E> 

bl.U'n04;; Thtt het th-8,t th1$ ~0lattoht!hif:) de-es h01d1, e.& \¥111 

be eb.:0,1n# juetf:I:"1'.e4 th~ c.U'V!stGn of tht p~odu0ts into tht!t&e 

twt> gl1l()Ups • '!:·b@ !'el~tsl<.n1allip will now b$ d111?rten.str~~$d . 

Not$ f'r()m tb_, l&.s·t &(!uetto11 on the pPtHt•~t~g Pt~g0., tl:i~t to• 

6*4h Olt!"Ot>!l f toniliis ffi0-ltlfflit1& f~ntt$dt tw('; ll\Oltit\rtlle$ oct· 

Gltf,gen tt~·~· '\;l~~e. 

Due to ao~ 
$U,m 

f),ty~t>Jn t\lt'~Eidf in sw~l-e 

P!n·e.l. swn 

e,,o• 

'iL!I, :t·!'!# ~. f 

0 .• 

5g .• ;fl) 

t\.;•'140 
.si?c. 15 

If 01Ur 11u!atu1r1ption 1~ e~l''~•·e-t,, we e•~ froxn 'fh~ol'em i the.t 

if we m'l<l1tlplJ ti .• , .4 ~ t.t ~nd (j:!rld~ bf 6,. W(, $M"Uld 

t)Stt:I 11.11.. Al ll ~Jlt·t•:r ~,, f'C9..0t 

~1~h44 Jt ,f.(!- = $1.~6 

·irt?ls ai1rf.)e•nt '!s -.,ttr-:t ~Gtll-• Th~ r&tfo of o,ey-~n ~ 

e~bOll diodd~ 1, l.$7$ bu~t9md of 1.s.s1 .• '1Jl'd.-eb 1't WOU.14 b•i 

it th~ l\\~0nt&nt ~~t<~ p.el"•t1H~t• Th~ e~~o~ le ~l!\lf t::> .13$ 

~l:"()ent, and w,,'Ul.d ~~tilnr,vrllf ~e fl!.~mftJs~d ~e ~xrial"bn$t1t.f-tl.. 

3e:r-ta1nly tt 1e g(6~d e11tJ1u.m~ tee j,asttt:r th~ fi1v!.~1on !tlto 

<>lef!ne $Jld t\l<l$hWd:e ~t~~tlG-~,, 'ff{l)WGV$'1'\f w~ ¢®~ pumh o~ 

tn'1G$t!igatien futJ.•th~~, e;ttd :frJO..-,J ·hl \lJLt ,., 'th-a dl.ft,fl'.'$UO$ ts 

!:'$al, end ~, v-'t.l• e:nottJ~d h~v~ ~l,,.$6 ot:tf3sent- and get <>n.17 

51 ,,lfJ~ th♦!'.\ 0 ,.,;UJ .c>~g~ mu~t t,st:> to ~141 ~~ h~~a:n<t w:t $}l~,at 



the fet'mf.\,ton of earbon d.!ox!.d~ • lt nnU1t be noted tha.t tt 

the i9'S.t-1o be~ l.50() 1tletead Gf 1.ee,. thts ~N'Ol1.ld moan 

thttt hOltf>tie 1ntiilfltatl ·of no:emo w.fls th~ starting point ot:' the 

ol'1f1no rtt.aotlon .. 

Next ~fl t~n te • .,,e whe.t hydwt>e~rbonta we)'& btu?n~d in 

the eombu$tion aftt'fr the tmlfut•ie ce.c1d e.beor-p,t1en,♦, It 

ehtlttld bo e. satrurfftt0d hydl"e-0e.rbon plus etJ:iene, 1f .arr,· etben.e 

w&lfe fo~. '!'be v-ol'l'Wl& w.·t. b-$tol"e e·O'.!nbUsJrt1 ,~n le 2~-..z-e .. 

Of thin., . 1.6.il 1$ oqgtfu,,, nrtd 13-70 ta eair'bon d!e1tid£h- $0 

tho vol.tune of thtt h$'d:r-oeo.1•bon burned t -s 83-.36 m:tn-u1' th&t:Jee 

"laluet.1-, . or 4.06. IY ~u;b-t.r-,aeting the e-e!tbon d1ox1d.~ formed 

and o~;{;J/ln uaea $.n th~ eom1:n1st1on e:f the ee.rbon monoxi4t 

from the e-atf~o• d!J):.d.(l~ foffle.~ ~r.ui o~g~.n uae-d in the 

se-cotif.l tombustion:1 ~.~ ~t the etfoet due to the lqdr<>-o~~--­

bonc ~lOJle • 

o., Bl"i'-1HldJ pa,.°0$~~, 

Dttt» t£J h:1dr&e~b<nie 

:ao.1, 

,•!P;,B 

(}Q_, 

!S. 03 

0~ 

20 .. 12 

1a.,e 
+16.&l ~.......,.~ 

~~ know tl:uit OtM af tb,:~ is ttt$bhane, which folml$ tt~ GWn 

vol,,m-e of OM.."biln d1extde ~'ndu-sq.a twice 1 t$ voltmt~ of 

Qo1~~-ct.:ton f 'ol? e14 
D!fterene• 

o.so 
,Al: J!I ,, ) • .: 

As. tb!.i 1$ a nll.xtu1'te of ·irn,tur-at~d hyd~o<.rn.t-bocrie plue 

ol~.fJ.ne.-~ (11' ;her.;.e )., . we 11&y a.1,1;,11 Theorom 2 t<:t find th• 



10,a ..,. 300e m 2 .tt 34.e_i • 6♦44 -- • 

An the total vQlum.e i n e.7a~. t.ht!! dtf'terentu1,, OJ- o.z.a_, must 

bo the "1el\r;J10 of eth~-ne·,.. Wh~n o_.3-g ethene bu:rne, it torrns. 

o .e4 ont-oon d!.oxi~o, end ,itHid. o.@6 ol'i:yg.(ut, ~o 

1'1ffe~eneo ,~~Q Pi'it 55} 

C~f'i!'fHltd.~ tor e~_H. 

Di.f:f$t-'e110e 

0&2 

il.94 

.~t,ttraotl.n~ the 21 ,. 30 fPom. ·si.~a, and: mnl t:f pl.y1:ng by 4 . ~o 

g~t hy:dr(,ge-n. ~ heVt:t ff.l'UJ,ll.,y 

3.Hc$.alti •••• 

W1 thin th~ 11m1.tta ot u;0~~·a&y ~f th , sntllyc1$, ii i'.ld the 

aceul~!l.ey of the ~:ss,i1ri1r>'tit:m$ tr!fi.d.(/l• 1n the ealoulation-s:, this 

1$ l~X$1'.l'& wh1-ch ~EHlapad ¢>Xld.E1ti~l'h 

LGt \leJ n.611 d0t~),mt:n.~ th, ~ffiP~'l:•,.•al fot'ffl'Ula of the 

pf'eelp!ta'ht. TCI d~ tl1.tti t t 1-~ ru·:ieti!es_ary t .o h"llOW th~ re• 

s-ulta of the t.lll&2.y-s!tJ of' th"1 ,~n o1ttd,.2ed ~i:>-ra.pl~ whloh we.s 

00:tlect!I) at the $~ 'b1me, thts ~Himpl~ we:e. It<>l" if w~ knoi, 

tho e.s~bon d!odde foJJP.Wd 2.11d O)ty10n usef ln th~ oom11t..:i.stton. 

of· th~ unox1d1ae-d h•.:iuime, end tM, Ot;l:rbon d.1ox1d~ i'Orm$4 ~m 

o~,S(ffl Ut;,lQ.tl b~ the first eomll>US:t1on, th · diff~:r0ne~ between 

theao value.a W ·&'t gtv~ tl\0 ~er'bt>» d1e:d.de- flbi¢.b would liv.ve 

be,en feX'med and, tM (ltxygen which wwld have be~n u$ed 1f 

th~ pree1p1 tat.$' w~~G bu.~ned. Th• antJ.,\J$1s of thie :ti s:wnpla 

Vtill t,~ gtv~n · lAt.$~,, s,t !.t sh¢ff wh-at &O()'UPaoy oe;n b$ ob­

tai nGti. iqt th t~ g4i, rte.lye 1 e e.p~a:re; tus ,. A.1unn.'l1 ng tht) 



:f'l'om ?¥ s~l• 

P'Poln f'tr,s t c e>mb • 

D1fter.:ene• 

OOe 

49.13 

34 17 
pf_" •, (1 

Os 

i"l.Stl 

~.3,.9§ 

11.26 

Fi-otn the ~alufls or the o~rb~ d1.om::tf1~,, 'tt'lttst 'be -&<t.a'btt~aet.ed 

_the tmmil".! t t~ in th9 oxt,U.1ea s .S)npl• , as thi-$ e~ f~,f.}nl 

the ~leN.n0 t-eaet1o•• f2'()ln th~ vsluQ o·f e-xyg~n rin1st be 

n'Ulltr~a,,t-e-4 o .li rl\ie to tho i'$ut thiat !\l tho~,h th0 oxidi:&04 

s$nipl$ w·a~ t!t'•illtth:i wtth 2 ce.,. of b°&.rium hydro1V:idt> stvi~ 

ott o.04 cHi. ot o~ga:n,, tht1 uno1t:ttU.-~-ed S$mpl.0 wa.'1 metst&n• 

ed witl'1 only 1 e~,. of l>ai"ium hfd:rtr1x1da• giving off 0 -.l~ eo. 

ot oqgftln•-

Bttbtwaotinj 11 • . o ~tt 17.,J.4 twrld mult1plftns by 4 to gi11e 

th• hf d'.rog0n. we h£tVo f(;)r the onb&n and hyaros~tl in th• 

);)~&C1p1tate .(le.ss tht h7dt>·Og&ll ~t,ml>inbig with $~ ot '&ht 

o~g•n ~nt<:J~1t'lfJ tht\ 8'1d•h.Jdt\ r~ae:l'ti()»:, wbieh would not 

~l)p$~ ll$i'@) 

Oi•-•••th••••· 
It tlle <:idbt~rog~n re.t1G vrere 1, this would. ~0,rreai,¢fnd 

to tlC-&t~1d,$hWc!O;t tt:-h.'l,6b 1,, C3:fl.,ra(l:If;i0') .. If ne l'lyd!Q~Gn 

apg)oat•$d il'!i tbtl riree1p1 tat<•• i t weu.ld cor:r<uipomi to 

:fo:cmtu.d9'b1de (I (H._Q) • so w~ e~~!n t~ nev:e t~!i)-~tly itctet,. 

:altieh1·t&t pr~aEint he,l"e• '?hie i.$ g~n~t."&lly tru~ ~,f tn• 

a $&tnp1es . !ht tb~ J6 ~&'11;;,1e• thtl!·~ ts mieh letJw., l':J'lii-l'O&Ettl 

than ee1~0011, 1ndi.~1'l,t:1ng a 11 ... at~r Pltntnt of: fG~~u~~ny-de, 

fallen~•• ela~ thtat both .~ ~~iut:nt • 



w0 aan S\ln'lmertze all or y;h~ :r-esu.1 t2 1n tan equation. 

~'e know fl'om the ta''lO.l.f!Sis of the li $rot1;ple thv,t tll0 m1xtuJte 

t t:r•~.mitn we.s 8 .ts (leRa.4;.. The e~g&n left 1 n. the (H,mpl• 

a:t·te~ O)d.d.at1on wna 10.27 c.ft~_. e.or~~oti.rig .f'm'"' the eff:ElBt 

of the ba¥"!\u1-,.-1 p&t>O,t:ld-e 1 &ne t he :tn1t1n1 O~iG-fl •11ae 2!$ ♦42,. 

$0 the ~our1t tul-~d 1ri 't-he snttlf$1$ "wl!i 1<' .-16. H:0'no.~ w• 

ho.VG 

f .1ac.t!1 11 + 10 .2'& Ott. it! 8-. t-40,4 .. ~Ma.4 •• + O .24C-~ll141 

+ 1 .eac.11 o ➔• o,.SOO»H:• + o • .aQtffl* 

+ l.06CH>-ia + 2 .7906 + 2.12!'.~0 

+ 01el1~ t&(HnO)~ ·ro -- • · .. .., 

W,e U\i.g.ht t1p<teulri.tlft furt:be~ &bf)'Ut th$ p~~(.dp1 tt\t$. Th9 ll 

knov\lth It_ o~e -~"tt~ ~J,~u\. lA .• so we might say Ul~t the 

p~~o".z:; 1 i:(?;·te W-&$ m&.t:nly made up of ·7 (}lt•CfflO + 'm?i?O"' .!~ 

l\':Jast, 1 ~◊ttld b~ th0i:r volume tn the gtH~flO'ttt stat~ . To 

bhl $ mu t be ~~ikle-d the 2 «lW~O alr~~cy ff.lttr'A • 

:rt ii •e.a,- tG i'!~nd t~he mnount or he-~e.ne which ~ntel?ed 

the olef'1,ne rE.uicir!.ol'h r1.-, hav• 7 ."lo et:i.rb0ns ~oxn tM p$n• 

tone.- i.oa ft·O-'$. th$ cgrbon d1o,::!de# and. o.64 t"l"om the 

othent, .. The gm.11 of'th~r.e f\1v1-ood by 6 t{1v~s t-h~ rf!..mtooe 

of mole, of he~~n~ {1~0-r i -oo 1ru:>l.~~ or ni trog0n} • This: tu~ 

iuied i.n thlrn ltl!)t¼Ct:lan by l ... M. /:,;-t· l . o.a c-.a'.r'b011 df.o:t1,{\& vnu1 

f01>m0a., 2 .1.2 oxyg~n w~.nt the-i"'e • W® saw when WG d1e.cus$ed 

the Juat1:f1rH·t1on :for· d1vt1:U.:ng th@ r~t\atiena 1nto th(!); 



ol~fin.e a.nd the e.ldel1yd.e that O .18 <,,xyg~ vrn.s probably U$9d 

i.n the 0cle!'1.nQ 1~0rMttton w1 t h.1,ut t~ foffle.ti cyn of earb:Qn 

d.io*1do . ~1 0 the total e,m(,1J.~t -atf3ed 1$ 2 --.30. n1vtd!.:ng th1e 

by 1 . 57, '-Nf> g~t 1.4l'1 mol~a or o~Jet!)n pe~ m.elG o-f h:o~l;rl$ 

u.esd t n th~ ol~fln~ reaet1on .• 

Wa pro-eeod !.n a ~1.mn~ar· v-1'£i.y f-o,r tM aldehy-d.0 -rotletion . 

The cn1"bon 1n thfl pr.,eip!.t-t'.'bfi 1$ 1~ .. 90. E1nd to th1. ~ we a.dd 

th 79 a;a.rbonl? f!!•om the c9:rb1.,ri 1110-n<>xtde ~ Dlv1.<::l1nt t h1$ by 

e g1.v ef4 t l s 2 . '18 nv.)l~et of he.;r1t1-n~ ~nt~r1.ng the $.lclehy(le 

r00.et;1on. 

The Olt'f.fS~.:.:t ~ntc:r-:tne: the a ld.ehyd. !-'eect:ton mtrnt be the 

ai ff'~:.>-ence be•tw(yen the total smmmt ueall. end th~ amount 

7 ._f>5 • Dhr1d!.ti:g th1t by iZ . 76 gtV8S 2 .8~, t h0 t!Umbet• of' 

1nolo$ of oxJrg{:J.n por rL.::>1e or ha,crn1.r:i ante-rlng th@ ~ldehyde 

get 3 . 25 1:1".tol0a eif l.>:x:Jg$n p~r mole, e}f hex.ur1;E't ~v ~tlabl-s for 

t h ~ X>$aot1o:n . ~o th~ :?.ld1Jh:yd.e, t>tff.,..ot1~ e.topp-ed b0-t'o-ro ell 

t he a1:rsdJ. clbl0 •,:;ygen was us~d-. Th.it? alwe..yi, hs.ppv.WlS in. thG 

ootd:;ed. ~ube .. In the 1).neo&tad. tu.be* e.l.J~ of thQ oxy-15$.l:l 

-ip1 r1.11a~l·e t a us$.o... :rn f,ac.ijt ealeulatlon shows that .slight .... 

(( I: 1... 1) 

l y 1n,orG th8.l"l tb~ e.v atl tibl~ emo-unt ta used. By av~ilixule 

i s mesi1t the . mount of t'!):W.,gen in a. sinall region ar.-ound a 

If any o-x·Jgm1. e1 t~rs by diffueiwi from e. ne~ . .-rby re,gi on 

w'h~.z·e no :rea.otlon 1s, ts.king pl a(rn _ mor\\t than tl1e "av~lla:ble" 



~~ ,, TC OOa Or; 

~4 .. 72 ~ .ee 49.1,3 51.~l 

ox:td.o.,. '.'tl loh w .... t! put :tn f e,_\,. mois: t ~nl :rl[l;• To t}HJ 51 . 21 

•~X!ll£trn e.dd t1c1 :!'01~ 'th~ co:1.',Y:.1..:.~t!ot1 rt:tn r.rt 'be s.-e.'tdGd thi s 26 . 54 

vla:ton of the tott .. l eoy. t1,aetton by •1 . 5,, or t h0 esrbon 

dloxiJ.e fol"'rnee bf Eh o-r t .1'.rn ·total oxyg~ used by 9 . 5 , 

.sho'l'ilo. ala €'.> .~1ve the 1n,x tuutt mt:een.~0th. We h&-Ve 

F:re,m JV 34 .72 .... 26 . 54 = a.is 

F';\'·u:ta ~a ;5_\S 1SO ~ s .1 110 
1 . 5 

Frorit U""o·- 411 . 13 ~ e.1as .. e 
~~ ,, 

Q 

Jr·om Og 2W ~ a . JJ:l4 
• 
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t\-Om:t:r-aey su<fh as 1fl3 ebovm bj/ the above resu1 ts is s~tb1ng 

eol d.om ettained in ga.s fii.nalysis . When t1t1oh r0sul te ai·e 

obta.inod wi th a kt1own sc,miito ~ 1 t 1s s"fHll$Onable to aiHtU."Be 

that thfp- ~eeul ts ebt~!.n0cl wh~n unkno1.-m ~ronpl.ae al'$ en.ol :yzed 

fl.r'i! Vfalid ,also. 

A }11) TT-!lr.!R 1Jfl'EF1l<>Rt~~1t Nl1I ON 

All samples w~r0 ~ne.ly!'!:od as 0.x·i)lainll)d in d~ta11 f.\\bove •. 

Tllo re~ult,s a.re g i.\N!.ln in T~bles IV, V and VI '" ~fhe 1ntEU."• 

p:rot~.tion !.a tneJ.de ~l~i1r.e ,1" 1-f' the$e 1•0m; l t e i:1.rn r:lotted 

ag~inst the tempe~a.ti~vo In a e.0:ri&t of {~v.phs..l! th.e v a.l11:~e 

from the uneotll.ted. p,.rid e0st~d. t1.:1bes :tn · o&r,'r Ct,,.~e 1;(J1t1g J.lt'tt 

o.n the SQl'fle gra:J;h to fse! 11 "t .t~ llOl!!p iirison . All ve.lues 

a:re in terms of n1ne&,~n r.s 100, unl.tH:lti spGeifi.ed. ot:ne~~ 

wi~~- Th~ ~:t'?$l,Y-fi~ (Jf th~ .tH'\.U1J)l~ a. t c1CZ5~(• ~ we.s net (aS 

su~eessft\l e~"J sc:.m11 ?f t..h~ othe11•B, •1::.1 <1 al thoug.'n the points 

obtai ned f r om thl n tlnG.lye1f!! 1:sr0 1rlelud¢d, 't,hoy ehould not 

be gi.ven t ot') muoo. m,~ ,~t . 1.'h.e .gx1:e~:b10:ntal p oi1'lte fl.l:'G 

marked w1.th !l. dot f'.:>1" th.g eamr,lcys from th!!) tti'H)Of;ltod tub~., 

and ·SI. erosa for the firn.:rrp1n,s :f't-om tha eoat0d tu.h~ .. 

F11gu1 .. ee 7,.8 &nd 9 show what g~s on i n 'th() h0~ted 

tubes 1.n th~ fu.:rm1e~ . F1.g . 7 eb<',we how nn.:i.ch oxyg~n was 

u11od up in the o.;1i:.lcls.t1.s1:~. At 316°0,. t;J.:1-e:Pe is 1!.ttl~ o:it1dta.• 

tion 1.n e1 thilr tvhe :i m~t '\'~.o~o h1 tho unec>at.H~d ( ::,1) • than :1.11 

the eo.e,1;ed. Ort ). Th~ eim(>1.:tnt trned lt1{';1•eas(;)8 re.rdd.ly· w1 th the 

t en1pet>0.tu~~; t>tnd th~n become~ p1·s.et1eall.y eonsta:nt ,. It will 

be not1c~d th~'~ •:n,19 011:r-v~s rn1ght hav ~ bo~n d 1•tn'011 to d:t•op 

slightly at h1ghet- tim1,~rntrt "e:l . T11ia Bi'.f~et has not be,en 
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'!'J..llt,F V 

First oom'b., oot>"?tect.e-d to:r co $.nd ootil tormed 1n Qaic.bl.tlOt>. 

!'~mp. w 00 O,a .2a.... deviat:t.on .. p&~eent • eofiil f3'oa 1.5$5 dev!atten 

:a s~e 

516 7.ai 48.41 1-6.48 1.000 +o.00:5 +0 .1896 

t>4t3 s.1e 04.74 3$ .. 98 1.576 +OiOOQ +0.5$3 

~19 4.4-5 24.07 36.lU 1.686 ... 0 . 002 ... 0.11,i 

~9& 1.a2 t4.04v 37.78 l.572 -{,{j . 011 +o.e-96 

4$5 4.n 1.S~f'f 31 . f 6 l S 36- -0.00J. --0 .. /'3..' {,3 

46-o 6.53 2ij-.51 41.'i3'1 1.ooi . o.ooa .. o.f79 

R SEJJaple 

515 e.oo 48,79 7729.· · .. 1.00, .0.001 -o .oea2 
546 6.61 16.80 67.9-6 1.s,, +o.ooa +0;505 

$'19 e.ao ~3 .• 34 se.20 1.&66 +o.or1 +l,.07~ 

399 a.es 32.44 s1.1a· l.6'18 +0.005 +o.s1e 
436 a.es 33._35 5f.44. 1.6'13 +0.010 +0 .632 

465 s.as z2.20 &1.06 1.585 ... 0 .. 002 . .,..{},.1263 

N 
.. . Sample 

315 u. 2a 49 € '·;. 
. •· -·-~., 78.?Q l. !JB2 +OtODl 4'0 .065 

;;4e e .. 20 40.19 78 .12 li,5BG .... 0 . 00 5 .. o .316 

5119 fhl-tti 48 .78 77.•t4 1.set1 -o . oot'i ... o.sie 
398 e.10 49 • . l5 77.73 1.68,~ 0 . 000 0.00-0 

4:}6 s .11 48.98 '/7 .5~; l.683 t} .• 0 () ( ) 0.000 

463 a.2s ~ .4S 7S. i5 l 58· · 1 • . . . +0 . 0 1) 2 +o.,12ei 



315 

846 

8'19 

399 

431 

483 

6la 

!ABU£ VI 

im.>lea 08 ~-- o. moles °-• ~ 
h$Jitatie mole ev-.11 . hexane, •1• 

B Sample 

0. 03 o.55 i.19 {l JOO o.oo 

1 . 20 1. 31 i . 2a 4.oe 2.96 

l..47 1.10 z.21 4 l ~ 
. ··• · i';, 3. 41 

a.so 1 .• 36 a.at 4.18 3 .. 4rl 

'·" 1,48 , ... s.e1 1 .•• 2 

,.., 01 •• · • 
1.ao 1 .• 21 a.a, 5.2& 

I S•pl• 

Eh7S 0.2, 1.11 QtOO o.oo 
1 .52 1.00 ·"•fl£ 2 . 07 1h6e 

l•GI 1.a, 1.21 2 . 1, a.es 
1.a, 1.,., i . aa e.,e 2.se 

1.99 1 •• z.u e.a1 2 •. ss 
1.60 1 .. ve 1:. ai s.es 2tl2 

8 S.e.mp.le 

Not O~!.d!~td 

no:n.e 

01. a . ttitt a .. , 

<h $ .1.lli. f •$ 

fh .•• ~la..a.a 

ef . ail . '-1• . •••• 

e.,.,., •• a-..,.., 

no-n.e 

c, ..... .. 
c, •.• nl.••·• 
Ca.a . •Hi.e . o . . 

ea. • •• 11,. • • , 

c-. • •• a.. •.• 



1nv~st115e.tGd yet . If' 2,t is a J-$&1 one, 1t means that at h.1.g-b. 

temperatur~s some of thQ l!lld-&byd.e·s ~re cr$.ek~d ,.nto f-M:.a.. f fr-,s 

before they hav~ been o::ddi zed v~wi71 rrruch, J\_fter boing 00ll• 

verted !rit-0 p.'tl.-t-~f-f,;,-s . th~y UG-~ no mo·re oeyg(,m, &nd so tl1e 

oxygen eonrmmption le less th~.n 1 t would ha.v~ been i f t-lu.iy 

had stayed aldehyd.es &nd eontin'tlocl o~d.1~1ng.. It w11l be 

seen that th(';)re lo l0s"' oxygon us•d in tho P. . ewm .. ple-~ . "£h1a 

is $Xple.1nod if we ooneide11 th.fl 01~r1n0 inolecules $$ aa·h.'1•· 

vo.tod., s.n<'i noting: as r~net1on eentore f'-01· tb.e al.ox~hyd.e ~t­

aetion . Upon eonte.et wi tb. s. suttfti.COt: some of the elef'i :r10 

m.ole0\1.les a.re tle~otivst~d,- the am011nt bt:)ing n1tl~h g:ree.t~~ in 

the CMe ot the ltua<l oxide c:m.ated wall. Heno.e in the ttottted 

tube th<~r-o a2-e l~HH~ l"f.Hletlon c~nteix-ti/l f'crr the i9.ld~hyd.e re ... 

fJ.Ot1on t .o stai,,.t . -AS mo~,t of the o.xygen uaed goes :i.11t0 tho 

al detryde r~esot1on, t-herr1 i s rrru.eh l ~es used in tho cotited 

tube • The explro1ation J·ust g1ven 1mp11EHl'1 that the f ir-st p~­

duot.e -of onde.ticm must be oloflnee, Th,s method of m1aJ:ysis 

tt$~d does no·t give accu.rate _ result$ when a.pJJ11&d to a. V¢t)"J 

sl1gbtly oxidised eermpl0 . lrJ.t small smounta of ol.ef'i.nes w0re 

obte.1ned ~, ~li{#C. 'Baeh1 has shown th.at olef1,n0s &nd pero,t ... 

!def!! et;e the first products formed when ox1<l.~t1on at::trts . 

Ftg. 8 shows th~ mnount ot' earbo11 dioxide f'orined at 

vn:r1oum t omJ)ot>atur·et .. :rt w!ll bf.!! notlaed that t.he curves 

cross . the atnmlnt f'o11t11ed in the B awnr)lo being g:r;-~a.ter Gt 

l ower tem.ps-re..tu:re.s, and the e;mount in R being greeter a:t 

higher tempex•eturt)th As the r -Q'-at1.e-n :tn tbe uneo~ted 

tube sts.rtr1 at a low-er temJ.Hi,~·.ratul"'O than that in the coated 

t1.~.be • th:ts 1~ to b0 expecttld. At h1gh1r,r t 11-m1pGa?abu:re1s the 
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formation of et¼.rbon eU.ox.id@ oontinu.t21.lly inereases 1n the 

F. sample. wh1lo in th0 '8 amn.ple 1t tQnds to btH,ome oons-t~nt. 

Fig. 9 ~1vee thG amount of i:H~l"bon monoxide ro,~m~d &t 

the V!ll'1outJ te.nr9er0.tu-ros . As it comes from the e.,ldeh:yd$ 

r<utotlon, tmd thot"e 1s no &.J.dehyde veactton at the l owe0t 

teJ.ttp&:tl'e.tttr-o~ e.t whi(lh there :ts fitt1J ox1dation,. no er.wbon 

monoxide w&s found et 515°0,. t~s the ddehyde rea.ot1on 1.e. 

. inhU>ited 1n t'.h9 eo@.1H~d t'U.'b$, thef'e iiJ less feund tri th~ 

R sample than 1n the B. If t-he o~gen eu~ves should cb"op 

slightly at t,he h1gho:r tempet·at,1:r-etJ» &e ju.st explained• 

toon ther~e ehoul<.l b• $ drop 1n tho oa.rbon monoxide eut,.vea 

also, ~e less sldt:thyde ·rnoleeules continue th-eir oxidation. 

Th~z•e s0-em:s to 'b:~ eom~ indication of. th1s fl'om th~ p<>s1• 

tion of the p<>1nts , but until mot-e exper1m~ntal evic1Gnee 

is obteined on this C;lUeetion it ee~ms wiser to oont:tnue 

the 11m(;}.S etr·a1et,t. (iH:rpee1.elly since there ls some quGs­

tion abol1t tl1e potnts obta.111~cl for the ssmpl'> at 483 

dOf!:,?'Cl1@S • 

ll"i g . 10 g1ves the amount ot oxyg«!m used ,~·hen a:tl tM 

molQeules of hentane e?lte?ting the olef!.ne re-aot:ton, or not 

roeetlrag, were bttr1ied to oel,.bO'l'l dloxlcle ~..nd wat.01•. ffhis 

ts obtain~d by tH..1.btraet!.ng from tho oxygen used in the 

f'i~st eombu~t:ton, 1n which e.11 tha ge,e~ous produotl'l f:rom 

the .ftlrneee we:re bu?-:ned,, th@ ox-tJgen used 1n btu•n1ng the 

C$l'bon mono~ide., wh.ioh is trom th• ald.$hyde reaction, nnd 

adding tbe oxygecn which want to form t he e.nrb-on d1o3f1de 

fmu'ld in tho smnplo., ae th1$ came from the ol0fine :re ... 

actlon. It will be m0en that inol'o o:.cygen is nee<H1sat>y 1n 



63A 

IZ: 
o 80 

~ 
9 
0 

el , o 

~ 
R eo 
"' 8 

f, 
:;: 
8150 

= 
~ 

~ 40 
J gj 

0 

" 
i30 

I 
820 

~ 
i;: 

A10 

fl 
g 
"' 0 o;, o 350 -.c; -1 :=v; 

TEJ,f?E.Ri~TlliIB 

FIG. 10 

la; 
0 
H 

!;! 
" ~ 
0 

z 
H 

150 

1': .. 
0 

" 
~ 
"'!40 
0 
0 

"' ~ 

~ )( R 

f;l30 
ii! 
0 

" 
i B 

i20 
!P. 
0 

" 
~ 
i;: 
i'.110 

~ 
~ 
.. 0 
B 300 3150 400 , l!O 

TIIIIU'XRATUTU! 

rw. 11 



tho fl sem.ple than in the B. Th1B is due to tho faet that 

t here is less 0c:dd-st1on in the fuJ>no.ee in th<9 R emnplE; 1 

tand t110 mo~G fuel ts l eft to burn in the eomb-uet1ol\ emalys1s. 

Thie ettrvt) mtpt 'll-e qu-alitntiv0ly eons1c:1e:r•~d a13 the z•eeivro­

oal of th~ eu.FVe ln Fig. 7. Thfi e,1wes c11~op ,:;,ap!.uly ~t 

first, and. th~n s t~dght~n out,. showing that the €i®ot1:11t of 

ex1.dat!on 1n th~ tubtt<t, , and '.h0n0'0 the amount or f'tl&l l eft, 

does not v~ey muoh it! . th the tempe:r~t,a:re t1tft0~ about ~50f-O. 

in t he es.a$ Qf the B eemple end SS0°C. 1;111 the (H?+e® of th~ 

R s t?mp:te . 

The e:mmrnt of eaX't>on dio:d.de fo1"11ted in bul:•t'lin.g th;f) s-em.e 

const1 tu~nts f·0.r whteb tli0 OXl1'g~n was uae>d 1:n Fig . 10 1s 

shown in F!.g., 11, ThflJ ~urvee n<iiHt~ss-a:r-11:y nav~ tbfJ $&me fo.1~ 

as tho~e 1n Fi g . 10. 

Ae h t.1.e alN&dy been pointffli aut 1 11Ihe-n tho oaloul ation 

ora t ypical eemple was g1v0n,. the :ratJ.o be'tw-e 0n the 02r1gen 

used (Fig. l O) and carbon dioxide formed (F!,g . 11) •t an1 

t om.JHlf'l\&tu:r-$ should be 1~$83• The pe:re$nt tlov ie.t:lon of the 

ratio f'1•om t-h!s vo;l.uo ! e given in. Ilg .• 13 . The Vt~lu.e-s 

f t-om th~ eorren!,:londir>g unox1d1zed heztane sampl es 00 ar-e 

aleo plattea . The only :r-Gaeon to:r tnv!,:ti dc0-v1nt1on is 

f:3Xp@-r1m(;intal erroi, ~ It appee.rs tb,.t the deviation :ta not 

Emt!.r• lw (h1e to t1xpe~tment al e:r:x-o·r . t.tthe reason hs~ ,J..refAdf 

bflJen, g1 von as th~ pl'obabl! oxidation of a. $mall m.mibetw of 

the molecult9e ~nte:P1f'lg tho ol&fine reaction without torine.-. 

tton of C~bon Mox:1.de . ~ls~ points at 579 °-o . do not eeem 

to follow th~ :r+-&st of tfio oor·,r~ . h•om de.ta obts.:tned fr9111 

prel!.mtnary sa.mpl&s e.elltJet~d at 376 degre~e, and (ftl'laly,£&d 
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by a d.1.ftorent method in v1hioh the CQJ"bon r11cmo.1d.dt fonw4 

ln oxidation. was ab$or-ood by cup~ous chl:e,rld,e solilt!on !n­

ste.fid or ·beillg oeterm.1r1ed by eombustion. the potnts sho'I{,.~ at 

376 degrees were obtdn(l)'d. Whey conf lnn that the points at 

319 tlegreef!! ar• 1?! about the pa:-ope;r ple.oe • As has btH~n 

polnted out e.l:tead:,, th.it ratio of oxygen to ca~bon d!.m,tide 

'.being se rHim.l"lf e-,qual to l.e83 Juat1fiee o.u1:• d1vis1on of thG 

products or orld.$t1on if'l'to th~ Ol$£1n& e.nd. the altJ.ehyd,e g~up:• 

Fig- 11 g1~•e the velttmf) of '.h:yd.Po.o~bons wbiob. burn~4 

5.n thc1 firs t combustion s.tter- eorreotion :t'or os.a,bon monoxtdo 

S;rtd <Htr 'bon d1o.ad.de :fomned 1.n thG o:x.1.d$t1on, tas talrea.d:y ex ... 

plained ,. ~b 316 deg~~Eua, t -h1s volume 1s nearly what J,t 

• would. be 1.f the1•e we:re t\O c,:zd.d.~t!on 1n the tubes. Fol.low ... 

ing tbe oxygen and ee:rbon cJ.1.ox!dce eurve·e of Fig. 10 s.n.d 111 

tho durvEte drop flt first., and then beeome eonetant.. Th~1~e 

being let>s oxid~tlon f.n the oo~ted tubm , th0re will b.e more 

l$ft to burn • rrhe o.~te-rm1ns.t1oti of volume 1s the lek1:<st 

tllCCUl'et-e of e,ny # et•1~ors of only u re,v hunai~f:Hiths of .e, oo. 

1ri a.n enslyaio b~i:n~:. auff1o1ent to scatter the pobrts tt s 

mu.ell ss th~y aPe 1.n the :f1.gu,re:t • 

Jt'1g .. 14 shows th:e number of' moles of b-exano ~nt~rin.g 

the ol~1'1l"Uc rfuieM,cn . ., It will b~ n~tecl thnt some entell 

th!.E! reeetton 0ven ei t 115 degre0-eil a:n<8 thr~t the am.ou,:nt 

b.e.e0m.~s oonstnnt et hi.gher tQm.p~)retures . Also note that 

the ntunb~r 1n the B and R e£\lmpl~s Hl"e nearly the fH.uti.e .. 

rrhe olofine t"e-a.-et1en il!J not~ ti:f:fe.e t t~d very mu:oh my too 

lea.cl eoe.t!,ng . 

J.i'!g . 15 gives the mttol1nt of oxygen used 1n the 



65 A 

I§ 

I 
t 
I 

* 
B 

I B 

"" 0 

!3 
!i 1 

"" 0 

! 

o,t,--~ ,.,------------~~-3:so 400 TEMPl!RATOHK 4:50 

.FIG . 14 

z 
0 

I 
; 2 

0 J: 

~ 

I 
~ 
t-1 
!ii 
~ 1 

i .. 
0 

0---------...---~~~~ 

'flllPDil'IJD 

n o. 111 

B 

B 



ol.&f-1na r,eaot1on P*~ mol'l! of hea-no en1Hil:r1.n5 this r0aet:1on. 

A$ the ntu.ttoor of l\'!O.l~·• ot he~ane entca-w,ir,~ t:bis f'Q~tton ~• 

abeut the Sffl,\'l$ fo~ th• B anti n sample~, the tu1tount of Gltfg$n 

U.S$d 1n the re-a.:,.ttGn in tbe two ease• 1$ nt1®.J1ly th:a $&me'• 

A& the react.ton tn the uneoat&d. tube g"t~ sta~ted ~t • lowo~ 

t$mpet-et,1.ve than that lt.t thi11 •oatQd tu~~ tbe O$"!Jgen ua&d 1n 

tb.c B stimple ls g,ee.t0r et f!.rsbti tmd the 01ir--ves o~•s.2'5 t'oi• 

·tll~ flatti~ _'r-EJfi>$Gll th~, they dt?A in F11~ : 8. ~ $Ve:r,ag& V'4i l'Uf> 

$.t h1~'r temp~J1tt;t'1t-et is •tifb$ut 1,,.4 m.olflt$ o:f oxyt-];e·n ~r 

mo-le of he~&ne,. 

·Fi g. 16 gl~♦.fJ the n'Wttb-o·r of tnolee . of hexane, ~nto·:r1ng 

$hi11 el·diJhyd$ iweaat!on. '!~hey sta~·t f'~Gm notlilng nt ~15 

·til.•~es,. ~nd t~• S · e.tt)'vi, ln~EH.:1~e.s m~e renpldlf then the 

R ~' l ~)Win, t01np~r Cil. ture,; en,.d re:ma1n~ ~on 1 t. 'ltn♦ affiQ\l.ft't; 

us·ed. b$COMe·8 con&tCU:I-t at htg,h~~ temp~tll.t1.ire,. t1-'he theoey 

p-r<>posod ber,• to e:,tpl.sb.l t'h.0 etf~e't of the lead ooti1ttng :ts 

that the cos.ti nez p~events mo1$eU:l.e$ of hexane :f::N>m entel"4 

tng the e.14.ebftlE> Pf.t&e,tton., V1e:+ 16 shows from expet>lnuitital 

":ettlts tbg,t thli:l te th• Ce.$~h 

Fig. 17 l1'l',t01.te tha JlUlrtbei, f>.t! molat=J of qnygen us&d in tho 

ald.eh'Y'.dt· ~ -aet.1011 pe~ mt>la- ()f halte.ne- e.-nt$rlng th1$ reaotton. 

lt tdll' '.be ~Qted th:&t thiil Vtalue le MJ'O at ;~1& dettr&0ti as 

no Jnt)lt:teules eftter04 the e.itt•byde ff.e:ots.lon. at tht$ tetrlp$i'a• 

t~e. wl.th!a the lbl:lts of ,ac~u.r$O.Y <,f Cl'nt1l1-s1e. fh~ nttmber 

1nC>1Gf.l;SGd Jle;p!dly wi t"b th$ t•l)$-~tttu~e~ an~ ,e~on. In beth 

:8 and R se.mpl<i.e, e:t"e~iH)d:& the ro.nount used tn t .h• <>1ef!t.1.e _.,. 

s.o,tlon., showing t~t 'the molec'Ul.Gs e~td!zed much f'W!thel' ln 

t~ ald..<!Jhf'de re&.~;ti0.n. tis ~ mtt·ttt~ oi' ts.tlt, tho o~.1-datton 

oonttnue-s unt!,1 tho fina:1 pFo.duots p~obably ar~ fot'!llalde:• 
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nyd.e o~ a-0Gtaldeh1®-• ln the • 01 ... ftne ree.ctlon thtl o.xt4atton 

t!tepe $S soon Ets the ttt, or the he1tane mol~cul.o ts 01rlctt.·~4 

•tf, p$nt.>~ne ·bGihg thll). l1$ua1 e-n« p!N><luot, G.s etio\'ffl tn the 

onlcu1Ettton of a ·typ.1eel. s~1&. F'!g. 1'1 sliow-s • that the 

emount of o~~~n po~ tm)l·e is less !'ti the oatte of ' the ·:R­

t~l.e. ?be prse~tp-1.titt$o.f ~ll eo~~e:ltp<tnd ·to ·ra!~:em of 

t~al:de'hyde and '1CGta:1dehy-4e. («~:t)~ e.n4 {(ll11i.,fl.O). with 

•n• •~t•ptl'->ti, at t1 3~•fl.n ~ ~&t'~2?tni to, '-•'Ile. VX•· this 

exttiJ:pt!ont tM ptfftp.1t-~te 0t thee ft saml)l.'1J at ·41ifl°'O•, 11 

no dwbt du~ to 9JtPt1J,r1me1:rbt\l ew-r~. '!'he Jt p~e~il)i t~tea 

:S&$ln t:o eo~rc,spofttl tt,e:ftr 11' t() l!I.Cf>t&!.4~~@.e, whtl. $ the e 
Pl'0C1µ-itat~s appE>e~ ti$ b~ a m!.:g~:\U'fJ of the ,'1~~ At a'tt:'f 

J'Ate, <>.d4atton j;)'l','oee(;dt • to t"he.$e 1!\ffll ta in ~1 ther e.ae•·• 

a-o e.t!l ther~ ts nmeb lecse e~pn \ls·ed in th0 R a~ple ,. !i; 

m\l$ t mo&n t.hat le*s h&.»att m01.eeNtl~s e-nt•l' the al~hyde 

:N>aetion 1n the <toirtGd tub$•· '1.'h1s has e.1~,u~dJ bae:n ehovm 

to be the oas·0 in Pig. 16-. t:Pho horl.zo-nt.al 11n$. in the 

f1girre m&l'ke the e.motmt Qcf o~~ pel" mo1~ ~vatlable t:011 

th~ ~e.et1.on. It w!.11 be. noted the,t 1n lb$ :R tubt the 

a\J"a1labl0 Q~g0n 1s r,icot us«ad 'Q.P~ A1it 118.s l)Q•<iJn &.xplsf.n<itd, 

d1fti:ud.on firom ne-1.ghbc~:f.ng ei~.G$.$ w'he11e the~e- ~l'e no ~ ... 

a.ct·tGn ~trtft~-s ~$p:lr11n~ w?q thG •tunount c,f oxvg~n tt~:e4 in 

the :a s•ple $XCe:-eds the· ({ $'.Y&ilabl•)) amount sli~tly. 

T.he r-osult.a obtun.a and t'h411lt· int~n,Jic,rtatlon fll~e 

ba$·ed. oti the V-el7' aeout'f.l'.t.& e.nelys e:s vth-1 <th t t ws.• :p<>s s-1 ble 



lo get of the produets of ox14$.tlori obtatnc,d b7 p~alq a 

m1xti~• of hexane vapoJt an« at:r,, throu.sh heated wt-ea gl$iSs . 

tub••, on• ht!W'l.ng .a lea.ti -.ct.1!1S# •" the otbeJ' being. ttn• 

ooated• E~'°'tment~l ••~••• ln g-U efl$1.yet.• v.ibtob. up to 

BOW ha.Ve bMtt 0,0tllld•~ed: 'Qfit("I-Olk'blt,. Oil' not COD$lciel-'4 ~-

1111,, would e;lv.e euoh f!Hie:tt~J'e4·.Nuiult• u to .. ♦n&.l' an, 

int~i-,pr-et•t10l\ dt.ttlcmi •• • i'hG ·-•ate~ im•t t>'f ·f41• . tlltti> 

spent on thl.$ pJ>obl• hae bcu,n •••d in i-•.tlMmrlt ot -­

appar•tus 'tl8(1i:d bo ana17£• th$ SMt $empl(Hl. 
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