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INTRODUCTION. 

The res arch rk deser-ib d in this 

th sis involv ·d thr -tl distinct Gxpe-riment probl~ • 

' 
the urepar tirn1 of ur hydrogen p -roxide, the 

me sur , nt of the dielectric constsnt of eth nal 
' 

sol tions of h:. drogen eroride and an investigation 

of the curacy- of th reson -ce method when used 

for th e sure ent of t ~ e ·ielectric constant of 

sli tly conductin~ solution • 

di ·r rent th r~al solutions 

The densities of th . 

r r quired and also-

th di 1 ctric eonstants of the three com onent system, 

ether, , ter -nd ydt)o · n n roxi :1 e -- .ere me sured 

and e ret · .. th t he dielectric con t -mt of h~,. drogen 

• p POXl in eth ,r • 

TrJ.s .!hol inv stig .tion w continu tion 

of th, tudy of hy · rogen p~roxid hlch has b~en 
1 

c_ rri out in thi la.borat-ary. The method of 

r p ~ ti on i... ess~nli lly the same as that 

• 
s and H tch r • The erud eommeeoial roduct 

di still d frOJJ .lk ine solution to r · ov 
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imuuritiGs and then concentr ted. 

i mprovements '!er~ rue.de in the method of concentration 

giving better yields of hydrogen p roxid~ . the 

anhydrous hydrogen peroxide as prepared by eryst.a.llization 

of the concentrat&a product. 

The dieleetrie constant of hydrogen 

peroxide is i~ortant from the point of view of 
3 

ionization. Cuthbertson and Maass have measured 

this const -t for hydr en eroxide . The metb.od 

u~ed i nvolved the sa.1ne principle for the measuPement 
6 

of capaei ty as t 1at dc.-scri he 1 by Williru s an.d K?cbma. 

Some innovations ere mad in the appara.tua so as 

to avoid ca.naeity of' t -.. e 1 a s and t e co:m.plieat d 

calculations of 
i ne s In t hese :easnrements the e. 

question of t .. e conductivity of tile solution undel' 

measurement came into prominence. Since no detinite 

eneri :ent -1 rk h s been do-n in . t his oonneotion,_ 

it was c-onsidered advi able t ~ t sane accurate 

measurements should be carried out . The Petn.tlts of 

these e surements ar6 giv~ in Section II. As ll 

be seen,. th-ese results are of imoortanee not only in 

connection ith the rneasure · ents on ether a.oluti ·ns 

but still more so in eonn€etion with the validity of the 

measure-ments of Cuth.&ertson and Jr1..aass on water, and 

hydrogen peroxi de. -
.. 2 -



Hydrogen peroxide dissolves. in ether 

to about sixty o reent by weight (0. 75 mol fraction} . 

The dielectric constant of hydrogen peroxide may thus 

be estimated by extrapolating the dielectric e:Ons tMt -

of the ve.rioum ether solutions to a hlmdre d nercent 

hydrogen peroxide ._ Sine a.ensity affects t h > value of 

t h0 dieleetric constant, tae dan.sities of t he solutivns 

- wer - necessary in order t o ma.Ke a pro er extrapolation. 

Unfortunately hydro en peroxide ;.. vrater 

mixtures ar-e not -nearly so solubl in eth r, but an 

attemot 1.¥as d to n1e~.sure t he dielectric constant 
J._ 

o · t hese solutions in a si ·lar w y. By a proper 

extra_.,olation, t he U.elaotrie constant of hydrogen 

peroxide - r:~ . ter mixtures w s obtained. 

--· 3 -



- e erild og n eroxide ob t a.ine-d f r-o_m 

t e etnrer f .. rl e urod et roduc r· 
" 

by t 1 etrolysis of ot • rsul hate. It e ~ u 
+ 

l ont • 26 to 21 t hydrogen peroxid -m ere 

by ei it , oont ted with tr c of i urities . 

In dditi , th , f etu er dds inhibitor 

.. 
of so sor to r v nt t 1 e eroxide fr · d e OSlllg . 

It s heP e f-ore n c-e S- rv to dev· se a s nsitive test 
t; 

for t r .. rities. se 

t de roxide • e c n eon ms 

1 t 9~e of sulphuric . b t none of t • s eree c I 1S 

• urity eo ,d detected i t er d. 1,0 · uct ich 1 e 

• ·_'e inhibitor ·n t nis c se 1as alieylio 

cid .... nr m s y di f1.ic t to remove fro_. th 

. -r-on e. A v ry sensitive te t for salicylic cid 

is f r ic c orid · lie b e if er are nl very 

Since the 

o mcentr ted n roxid d stroys t violet col or 

rod c d y salicylic cid Ld f rri~ chlorid ~ t 

.. 
rOX1 first 
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This is accomplished by nmJting the s<>lution very 

slightly alk line vi-th sodium hydroxide and allo.,ing 

it to stand in a platinum ev porating dish in contaat 

with a -oieee of p1atinmn black. Th-e peroxi·de 

decomposes in an ho-ur er to, and th . nearly neutral 

solution s testa-e for salicylic aeid •. 

Th acidity of t l1e peroxide is due chiefly 

to th-e salicylie aci . Th orude material is made 

slightly alkaline 1 ~ th standard sodium hydroxide , 

allo d to dec :u ose~ and then t h.e excess alkali 

is titrated back with stand rd hydrochloric acid. 

In this y th Reidi ty of t e hydro~en peroxide is 

obt ·ned, ich is usu ly around 0. 01 normal. 

The strengt11 of all queous hydPogen 

peroxide solutiona w determined b- 1. a.ns of 

stand 

standardiz d gainst re- eryst llized ox lie aeid. .• 

In order to remove salicylic acid and 

any other non- volatile impuritie-s the cruae peroxide 

~B vacuum distilled from slightly alkaline solutio~ 

he di mu {Fig. I . ) indicates the 

The e~ucle h:vdrog n er-oxide, ~ nde sli htly al. r ' ine 

•t sod ··Utu hydroxi e w~s . l.ced in vesc;el (AJ . 
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A 
D c 

To pump 
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It · lo . - to run slo ly int.o ss 1 (C) throll'· h 

t ~ {B) . The flak C} _ (D) ·r. eat d to 

hoot 0 .. t b_t -- Th:e r ss r 

Vc rie from bout one ~ lli.u ete: ~ at ·.- t_ b gi ~ n.g o · 

i till tion t five- *llim ters 

d of th distill tio . Tl& li uid v o~ated 

eoll ete in F) * "·h ..., .as 

c l 

ount ic eo tld b ·-stilled at one tim , 

ine th . al all ee..._, .. ~., in · ) and o ua~s th 

. ePoxia , o deco , os n-e t e nd of t l . distill · tion. 

'rh ·still te is bout 2 .. : _ ercent HaO. by w ight 

no tree of S lie lie cCid eoul - b det .et - . 

n e .... y to r .vent t he hydroo ;n '*' roxide 

e ith * Ul"}i ti It -1 ... s 

~ t in Pyr X fl s_ .·· uch re cl aned . ith ehromie 

The e o centr ted olution " - md dried .. 
CJ.Ct. lD. a.e o. 

ntly t . 
CO s r T 1n -

t ~t r e , "1 ..... 

:te • t '"" lC r . 

The xt s t cone .ntration of the 

re nt 0 utio • ratu ho m in 

Fig. II s use for .hi OS , lU it y b 



D 
E 

To vacuum pump 



poi t d out th t this conetm . tor as origin • 1n 

d i The -ilut . oluti 

t~ litr Pyr x fl sk C) .. he t d to .bout •-35° C. , 

fl u d to 

le · dt rin&t h eoncsntr tion .• 
~ 

ya r 11 .. n ~ b lo · 01 

ughout he .ntire _-roee 

v nor res ur-e 

r sure of t 

:Pf o:. Inor 

.. or cone ntr .t d. f1_~"-· . v · i'\ r .rt 1.~ .... ,c ~ r 

of ve el ( .) ich c nt i d cru 

llin · t r 

Sino t h 

ater v or t .d 

· hind l.le-cme 

~ by ae 

ic or sno ·• 

The f sk ( ) -. s t o i tr Pyr x v s · 1 h · eh 1r1r s oool . d 

ith Cc bon dio ~a J and c ~ton . he eo ltl · ns l.i. 

{ ) 1d r ~ · . edi~ ·tely 

frozen by t 1 c rbon di xi- ld cCe on.. By this 

ffieieney s obt i - d in t h oroeestt. 

T roxide ooll eted in \ Y as v· .. ry 

d could b e once tP t · in if it ~a not 

too ilnte. Th-ere s very llt 1 .. oss v· 

d composition an none of t L v · rs · ,r earri d ov r 

i to t. v euum It s oonv ni nt to eo e :tlti t 
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the t ~ nty pePoxid to sixty eight or seventy nero~nt 

and then concentrate the seventy p rcent to bout 

e 
ninty five . ereent. 

1\ 

of 21. 2 pere~nt, about 316 g of 68 percent Slt.d 1120 g 

- of 6 percent HaOa er~ obtained which sh<r~s a l ofSss 

of leas than one .roent . 

calciu..m chloride and. phosnhorus entox5 .. de w s laceo. 
- ~ -

between the pump and t he a.rparatus to prev-ent any 

v pors from eontamin ting the p~~p oil. 

~5 p~re~nt peroxid obtained by t his process was 

·ana.lyz d for aalieylic cid non could l}e dete{)ted-. 

To obtain t 1lG pure l?erox· de it \lras 

ecy~'t lliz in th. ap aratus designed by ·a· ,as and 

• l teher. By freezing bout four fifths of the 

liquid and forcing out the t her liauor an incr€ase 

in eoneentr tion of bout one nercent . ras made. 

Re e ting t~is process seve:ral ti .. s yieldeo. peroxide 

of 99 . 5 n~re nt streaoth. 

- 8 -



Part 1. -

T · e expePimental met.hod is t h · same as 
e 

that usev by Cuthbe~tson and Maass. A diagram 

of t he connections is sho in ~ig. III. I) is 

irhe induota.nc.es consist of t wo 

honeycomb e<> i 1 s:41 (A) is t h:e d.ieleetrie c 11 

containing t he liqu · d J1os ., . 1 t , re eo r1 constant is 

-to e m~asured. (B) i t t ning condenser in arallel 

with t he induet(. nee and di 1 ctPic c-ell. 1fhe 

aeeur 1 of t he met 1-- end t o a larg-e xtent 

on t e- constr etion of this tun .. n condenser . 

It should b free front end 9ffeets and · :i ve .. straight 

line re1 tiQnshi betrreen o p eity and dial setting. 

Th tuning con nser used is accurate bet . ean a 

dial s tting ~f 30 end 80. A gl ss . - . nor 1.1 

mounted on t he tuning c.on--.enser and t l e setting of 

the eond. '~n&er is Pead. accur tely off a four foot 

·llimeter se 1 by 1neans of a reflected be ·1 of light . 

- 9 -
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In 1 th se measurements a. cond:nser is kept in 

series with the turing condenser. It gives a 

mueh stronger not . hen m .suring th-e di .. 1 ctric 

eonctant of ater . A Ul-171-1 Radiotr~n tube 
~ 

is used as th sonree of the oscillations . rit takes 

90 volts on the plate eirouit and 6 volts on the fi1rune.nt . 

choke coil (G) is pl ceed in th ... plate circuit to 

absorb t r.e r dio fre uency curronts and r :vent t hem 

p sing t o gh the pl t cir~euit. 

{II) is a fixed oscill tor operating on 

e. definite freq ncy throug o ·t any me ~;ur ent_. 

It eonsists of the ordinary re0 enexl ti ve hook-up .. 

UV-199 R iotron tub is mploy d hich use 

1 eurrent on the filament . Six dry_ cells 

r used as t '1e source o.f t .ue fileL'l nt curr .. nt. 

The t lephones (E) indic te t e ·point of reson ee,. 

i . e. en the t o cillators r o . r ting on th 

By varying t )~.e tuning con onser 

'"" ~ d --, +- I t ones 1 c~ v · r2e ana ·tt .e - ro 

oseill tors ar broug1t into resonance. 

(A) the ~el etric c 11, is m de of ure 

block tin. It is construct a on t ~e urinei le of 

. v. ri ble cond nser, t'\ · 1 tes of T tieh. r 
:... 

i ! nersed ·n t 1. e li uid hose dielectric constant is 

- 10 -



T e Potor is ntt -eh.ed by m ans of 

lit · bo rd to the sta.tor vl .tes • ... 

By ans of vernier dial - ttached to t·1e r-otor, 

t1~e v ri bl condens r cs.n b set at any desired 

c :p city. This cell • 1<! 8 

· ~ er which cont ins the lioui -~ under me ~ur-e nt . 

ie and t ·r . 

e be k- ut t r:;. eon tant te rature. 
I 

The variable 

c 11 eli · aJtes t he n ces :· i ty o eo reoting for 

tl c ~n ci t--t.y of t~ le • 

Dur .. 1rement t \ .e cell . t c~d ng a -
• tl circuit d t : t nro . la connected. n p } OSCl ors 

• lS 
set t different readinJ S an t he 

corre on jng 1osition of t l t nin cond ns r 

note ·-: . In this ay a ,~ eries of noints i ...; b. ·nett 

hould ti · ve str ight line rel tionshi 

) r~vided both th t . -
1. _ con .nser nd iel et:r1e 

cell h v no end ffect • 
. 
l lP.ee( · n t~le di lectric cell an~ t e slo of 

Then l t. th'Cr li uid 

10 e · leetric is b1own is 1 e d ~n t he cell an , 

the slo. o its line found. By multi lyin0 t e 

r ti of t' ~ t o slone by t e oi lectric const t 

- 11 -



of th _ OT"l!l liquid, t·1.e dieleetrio constant of t he 

unkno liquid is o~t . ·ned. 

In o d .r to n- a,k. s e that t he :oparatus ;; s 

ia in ~ood ~ or king order a detez~t ination of t , 
as 

dielectric constant o benzene :b ,. de. A nine 

l te e 1 uS eanstpucted ith b~ass eondens r plates 

os si bl e a eo .a.nari son b , tween ir and 

b-enzen • Sine t h benzene usecl was not purifiefi 

no ·s i ~icanee could 1 e d on the bsolute 

re u1 t obtained. 

tus r;_; f"l ve eo. si stent r . sul ts . 

- 12 -



S CTION II. 

p- t 2. -
-.....-... ................... e.....,c ...... t 21 Cond eti vi t:y _.Ql1 t h!f Dielectric Constant 

o! r¥-_ ter . -
The di loctrie const ~. t of ater ~nas 

8 
.,_e sure by G 1thbertson an a· s • Since t e values 

obt ined wit}_ t 1.1 -se f l 
. 

t ~ ·e lite ature, th . ounn 1ll 

obj et ion s " d t 1 t t conductivity~ i. 1 r r l • 

resistivity, pl , 
1n t 1l t~ 0 us ye . . • 

The obj -ot of t h foll :rin - I) s arch q s to fin out 

t her t ~ con ·'ucti vi ty ~tf ate t di 1 ctric 

con t ,. o. if s , in 1 y. 

In t e re so ce e :hod foz) t:_. e surement 

of t i . ·· i _ .. lee .1>ic con t, t he c city of th 

olution s e su~e u tunin ~ to fixed fr qu noy. 

t he fr u noy of t - · s eiret it e ends on t he 

induetanc ~ c p city · r sist c .. of t 1 eircuit . 

Since th i ductance and fre ueney . e fix d, th 

en poi t den en s on t e eap city 8lld re Qi stanc of 

the eirc it. In tl). nts of t h di 1 ctric 

const nt of r t r, t he resist ce of t e urc ter 

s v ry igh d t e changing of t 1e s ti g of t h . 
i 1 etric cell did not feet t _e Iesi t cc oft 

- 1 -



ei cuit r ei ·bl:v. If t 1e resist oe of t h e 

circuit s eh ng d 
fi 

l 
• ValjTl.ng t J.€ di 1 ctric cell ~ 

.. 
h liri tio shin et e en t h.e settinn- of t h-e s r- 1 r 

~-

dielectric eell [' ld t ? e tunii cond nser -,ould not be 

S ·ne straig _t lir , Fel tionsh · p ;;: "'re 

found · s e .. p arent t hat t h :resist o 

of t h oi cui. t di J .. not chan0 () to -~ y extent.. As VJ · 11 

b see fro: t h fol l - 4 n o\, t he diff r ne bet .. o n t l1 

, i el ctr · c con ~. tant of condueti vi t;r d or in"-lry 

· still · · t r · s n Th ·-t i ·, t ne 
• 

e of soluti n s so hltbh t. - t 

th ng n r si tanc di . no f ect t e fre~u ney 

t · n of the - . t t • r o' ever , -
en _ e c n( cti · ty b eo es . t , t han .• 5 x 10 

t_e di 1 etr · e c-on· t ~ • • nere se r . 1 y. 

s t t .~t se i be in t e 

.et ion. The t rce pl te tin eon ns r ith he 

ffl ss con+ .ino:r s 1 sed ~ ~ lect le 11. 

All m urem nts v - re c r· e o t t 25° C. .. n _ 1. 1c 

of ter i s 1 c re h to be t {en to ke . 
..!. 

I 
' 

the t r turJ o t he 1 t ,con t ant,. 

- 14 -



Th conauotivity of th ater w s 

e ·sur ~u by lrl .ans of the ordin ry Jh tstone bridt#"e 

ook- u • 

Ordinary t .,_ w ter of t h -1 bor tory -· sho.~~d ft eo .~.dueti vi ty of r(amd lG " whj l j t he 

is"illo . ter ~av conduetiv~ty of B • -· X 10 • 

By mixing mnall ·nounts of ta. · ~ ter "t th distillec 
. -e 

te:r , v riot_s conductivities from. ·. 5 x 10 to 

-a 1 x 10 ·Ar obtained. 

.. asur t eonductivitie ·re· .t 

• oscill~tion from t h .. .n r .. g 

t out 1. 

and t . et ouli " ot oscillat .• 

of conductivity ·lf ter of t~ e or 
6 

H t l ey still .. s s d. 'he 

d to 

-tl~ ll 10 th 

For t"~te pr .n .r:_ti 

-of 1 . 
4 

x 10 

r tu · s ste ~11ed 

out for several ,!s, t nces r(y rAl utions 

b ing t to xelud ust n c bo 

in .lJy " O..t. · illed 

~ t t e. tre ade al kali11 . th sodi ·llydrnxi · an.d 

-~1 amo · t of po assi 1 ' 

>"1 a • 

s ... still . · d t h :r irs third i card "'d. 

Th-e t r .h . eh then condens c h eo d· cti ity or 
... e .... 

bout 1.1 x 10 to 1. 3 x 10 • As soon s m of 

th eo-ndueti vi ty ·tar s pr r .d, t he 
'1 l ctrio Ul 

.. 15 -
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eell rv s ~hed o t · th it and th ~ nl te eovered. 
1.. 

su.Pe • th conducti ity of t i c a.ter being 

det rnrinQ I both b fore "d after t~ e measurem .r1t • 

·• The eon·. otivity rose from l . G x lU to 1.3 x 1 
.. 

due to carbon dioxid from the ai:r . Th . foll-o~,.ing 

eriment 1 results obtained. 

T bl, II then 5 ives the sl ~ es of t .e lines 

eorr sponding to e eh of rea~ -- ngt" in .bl I . 

Th curv in Fi • IV fl. ·ves th rel tive 

di 1 ctrie eo stant of· -~"'ter lott .d 'tlinst 

oofl:duetivity. · It is se n t hat as t ~1e con tivity 

d~er S S t: e diff-erence bet e ln t h CO retmonding 

... iel otrie con t ts. er ses.. Thus$ .t about 

-4 x 10 t e eurv n ttens out c~ varies v ry li ttl 

-fr t he dielectric const t t 1 x 10 • o 

-con~uctivi y ~r ? x 1 the i lectric const rit 

ri es very rRl)idly s is sho ·,.n by t e curv .• 

Cuthbertson and M a -s m . . sured t he 

to er ~tur coeffieie11t of t e · · .leetric const t 

of 'f ter • usi g ~ ter of eo a eti vi ty of bout 

. x 10- .t 25° C. Since ' t conductivity 

incre~se2 r pidl y above 25 C. t b ir v lue of t e 

t "" r f~P ture C<Je ffi ci nt is P ob bly in error u .t. 
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to ne 1 cti t he bove fact . 

Tae sp&eific effect of t~he Hlateriti 

causing t e. conductivity has not b en investigat$d 

in the above 1 ~~ ,surem nts. It is ·possi ~le th.13 t t l1e 

t high eon:uctivitics. Tne effect of incrcasin5 

·.d.e vo ,. r o ~ the &ell in set on the resonance ethod 

for t he me surem nt of t he di! 1 ctl~ic oonst~ 1t 

off rs uot .. r ficl for inv .sti )' tion. 

oft ~e 

on t l e u. 

V 

It ·.;vill bo interestinr~ to m_ake m investiO'a:tion 

Iohle~s ~ n t nly havin.s be(A.rin.g 

for t -e c ~ur et-

............... surem.~nt of t h e i ~ 1 .,<r~ric coA stant, but also on 

t he- r sults of C-uthbertson and i· . st . 

/ 
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Fot' the more dilute solutions a se-v~ 

. late eondenser wit.h removable plates was made, 

A mixture of nltr:o benzene a.11d benzene was prepared 

which had a di~leetrie eo:r:1·at.ant midwa:r b-etwe-en 

ni.tro:lwmzene ?nd ether. B1 m•ans of t his mixture 

the dielectric constant of t he tnuuple of nitrobenzene 

could be ch$eked against a sample of p-ure· eth-er .• 

It was foUtid that tl& dielectric c~onstant -of Gther 

agreed with value of Cuthbertson and laass using t heir 

value of a..ter as a standard,.. 

To s;void t he evaporation of ether· from the 

solution under :measurement as mueh a...s possible,. 

a sheet of Nbbcr v·as glued to tlul hak.sli te cover of 

t he dielectric eell. T11.i ~· rubh r f itted tightly over 

the top of t re b ·,~ker · d kept t r·.e moisture from the air-

out o.f t he olution. 

All ·the m~asurements of t he dielectric 

eons ~ant 1 :ere carried out on a tlfa.Ve ler1gth of 2b0 to 

800 meters. 

The hydrogen peroxide was purified as 

deseribed ·n S~etion 1 . The 95 percftnt peroxide 

as :recryntallized about six times and in this way 

eroxide o_f 99. 4 percent strength was l?rcpar t·d. 

- 19 -



In order to • et 1.er for t t1e ur y t ' L 

me surernents , ordi ! :y 0 LU ere• al s .:1hc ken 

· t~ t r r·ve or .. .. d t he v-:1 t~r layer 
0 SlX 1mes, 

disc ded. 11 e eth .r ,ras t ~- en uri d ov r calcium 

c oride d distill r" . 

sodiUJ.B ir until no r bubbles rere ~.,i v I off. 

y sodA 1 oxide or so- ium hydi .. oxia. 1l1icl1 · ·.sdolved in 

* l 1:! hydrogen neroxidc to 

de os • o voi ~ t ·s t 1 ethe . w tistilled 

from fr s sodi oisture- free Pyrex still . 

Ether issol e.., h:vd o~ _ roxid u 

I to COnCv. tratiO Of h0 t 6 •ere nt by ~ Gi0_t , 

he t bein ~ nerPted in t 1 mi in • It ~va evi · ent 

t t , VO l tL?Ji-e C i xi · a.nd it 
' 

e ~ ity 0 

inc ~ t n i .l eo.tric con t ".nt . d 

de4. ity e very closely rel ted, it - a t 1.tou 1

l t 

be useful • 1n 

extr T?olating t he eut)ve o hnndr13d re -t H2 2: 

Th d nsity · s mea t rec by L1 - of a 
0 1 t t 

ith graduated st • A tight fitting gl s ea 

a d -o cover t . d of t - _ s tub ~ o s 

to void s h ao possibl , t he 1 So of y t er 

by ev por t i on. · 

- 20 .. 



Th ompo i tioj of the solution could be 

d termin~d by uyzing for hydrogen per-oxict with 

st -d rPd pctas~ium . - ..... 
r by making the 

solution u to lmov_rn o ._ osition by r ei - ing the 

~ drogen pe:roxlde .~d her s p r tely. In t he ·or-e 

ooneentrate .ye~ gen D~roxide ·olutions, no difficulty 

. ~. s found in obtair ing 3!1 e d point ri th potBSSi 

over s ve ty ercent, it '"~ "if·"cnlt to obtain 

T~e excess ether had to be 

eva .~or ted off b ,fore dilutinc~ it 
. 

ratter . If a 

la.rb .. xe So of ter, i .. e . ~bo t one ~u1d a. h. f litres 

" used, the n oint could be bt. ,. ned o ily .. 

peroxide and et .r, the soluti' ns cotld be .. d up 

T" e first s luti on mad n 

~ s t .e most ecncentr ted lution a hyc.rogen "· €roxide 

end etler t t C •U d be obt ined. J-hi E W ,S dilut 

dot · th kno. l eights of et ar . d t ·~e 1 or dilute 

solutions ~,er , obt~lin M h ~ t - ~ str ngth 

of the soluti on• ~ere det rmin din two ys and the 

to~ ethods eh ck~d v ry ~ 11. 

- 21-
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The e-urve ill fig. Y gi Y-e& tha dielectric 

c stsnt plotted against mol fr-action. !he different 

points fall 011 th-e cvve within the exp-erimental er-ror 

of tile me-asuements, whioh was· about ooe percent. 

the- density of the solution was 

asureci as s&on as it as ma<le up in orclet~ to avoid 

aey rrors due to the loss of ether by evapor-ation. 

The dila.tometer w s standardized · th ater at 20° C. 

·The calibration and results of the density dete inationa 

were eoPrected to va.euo. The aberration from the 

mixture rul was caleul ted by u ing t he follo ·.ng 

formul : 

ere, 

+ 

Y = Volume of 1 cc, 

D1 :: Density of the Solution, 
• 

Da = Den ity of Hydrogen Peroxide, 

De = Density of Ether. 

The ,follo ing table (T bl tl) giv s 

the densiti s and aberrations fr the mixtur 

rule of t he various solutions . 

- 23 -
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• ' "j j -- 2 ! f 1 3 

. 1022 - . 769 - . 029 • 

• 195 - . 791 - . 002 • 
• 323 - .834 - . 042 • 

• 436 - . 892 - . 004 • 

• 5'14 - . 954 - . 061 • 
• 654 - .997 - . 051 • 

• 750 - 1. 011 . 042 • 

These points re plotted in the grap of 

Fig. VI. The density plott d a ain t mol fraction 

falls on ~ooth curve, but a 1 Pge increase in · 

density occurrs between ~ ,.,.._._ ......... lOO p ro nt hydrog n 

perorld -· In the case of t 1 aberr -tion. fro - th 

mixture rule the points a·o not fall on so smooth a 

curve. A aximum occurs at about a. density of 0. 93 

which corresponds to a mol fraction of about . 5 HaOa. 

The inmm occnring a.t a mol fraction of . 5 would seem 

to indicate that a c ound of ether and hydrogen 

- 24 -
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peroxide fts f,orme~.. This oompoun· of ethe~ ana 

h ··drogen peroxide probabl7 c-ause& a minimum in 

th eurve when dielectric constant wa.s plotted against 

1 fra-etion. 

In order· to obtain the diel~ctric constant 

of hydrogen peroxide as ceurately as pos ible from 

the above data, 8ll attempt as m e to establish a. 

str ght r lationship between diele-ctric con.st8llt 

and mol fraction. Th foll ing table (1' le iJ 

give th-e logarithm of th di 1 ctric constant 

and 1 fraetion of the mol fr tion of th~ hydrog n 

pe oxide of th various solutions: 

11. F. 
I 

• 1022 - .8002 • 

• 195 - .9191 • 

. 323 - 1. 114 • 

. 436 - 1. 243 •• 

.574 - 1. 418 • 

. 654 - 1. 516 • 

. 75 - 1. 628 • 

- 25 -



These points ar-e plotted in the graph 

o£ fig. YIL A will be aeen,_ the point• fall 

fill 11 cm a straight lin • Whea the straight 

liD is e-xtrapol1tted ·tt'l lOO perc-ent hydrogen peroxide 

tbe di 1 ctric e_onst - t 6a shown to be 91.-· , Thia 

· th that of Cuthherts oo. tmd Xa-a s 

vis. -89.2 within th accuracy of the asure: enta. 

Sin~e hydroge peroxid is a polar . 

sub tane and ther r .latively on-polar, an attempt 

de to caleul te the electric mom~nt of hydrogen 
~ 

peroxide. 1h ol polarization of the mixture 

of the two sub t ces is given by th • express1on1 

.P1 :: Pol iz tion of Ether, 

Pa = Pol rizatio of Hyd~ogen Peroxide, 

E - Dieleetrie Constant of th Solution, -
-- !ver e molecul weight. --
D1 : Density of t Solution. 

c,_ = 1 Fraction of Ether, 

C8 = Mol Fraction of -Hydrogen Peroxid. 

- 26 -
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Aaa - ·... P1. to he- constant but Pa to va-ry with 

coace t-ratioa1 Pe may be calculate . from the 

equatiCJl;. 

The following :table (T hle VI} gives the results of 

t se calculations for t l e mixtures of ethe~ and 

hyd_ gen peroxide: 

TABLE ll.t.. 

i Fa 

.ooo - 74.0 - 53. 0 - 137. 5 • 

• 1022 - 70. 0 59 . 0 - 137. 5 • 

. 195 - 66. 2 - 60.0 - 101. 6 • 

. 323 - 60.8 - 58. 8 - 76.9 • 

. 436 - 56. 4 - 5 . 6 58. 0 • 

. 574 - 51. 1 48. 2 - 46 . 7 • 

. 654 - 47.8 - 44. 0 - 40. 7 • 

.? - 44. 0 - 38. 2 - 34. 2 • 

1. 00 - 34. 0 - 22. 6 - 2 t::: . 6 • 

- 27 -



The ~aph in Fig. liii gives the mol 

tr · ti~n plotted aga.ixast P18 fU!.d Pa. ·As ill be aeea 

fr the cnrYe for the molu p~larization -of the 

mixtue of the two substances_. a maximtun oeewa around 

a mol traction of 0.2 HaO... This is qui~e typical 

of a polar molecule dissolved in a non polar solTent . 

ln ·order to calculate the el etric 

moment of the hydrog n peroxide the eurve f r Pa 

ould have to be extrapol ted to zero concentr tion of 

Re-O.. The extr ol ti in t s c · e uld n;Qt be 

curate enough to ealcul te the electric moment since 

the curve rises rapidly ne a z ro concentration 

of hydrogen peroxide. In order to calculate the 

~ent a large number of points at a. very dilute 

eoneentr tion ro d ave to b me sure""' . ether is not 

a true no~polar solvent, the effect of the ether 

would come "nto play and this ~ o Inakes the 

extrapolation uncertain. 
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fed .L. 

..• H'lll!'l!f»:§ Qt ~ l!i~le-c~ric Cg!Jrstg~ fa! ...... iiii!oOiiii.h«Ooiiiliiii .. ...... 

Cuthbertson nd Maa.as have determined the 

tielectrie constan~ of a ueous solutions of hydrogen 

per-oxide. By ce suring the "electric ·constant of 

mixtupes of water, hydrogen peroxide at different 

concentrations in an et er solution, it w s possible to 

extrapolate to zero ercentag of ether and find the 

diele-ctric constant of t he mixtur of ater and 

hydrogen peroxide. 

Difficulty s fou .d in obtaining solution 

. of 50 rcent HaO and 50 ercent hydrogen p roxide-

ether mixtur • Only three percent mixture of this 

solution eould be o-btained. An 85 percent aO.~ 

15 perecnt teP, would dissolve quite readily in 

ether- up to a concentrat-ion of 50 percent. The 

dielectric constant of these solutions at variou.s. 

dilutions with e her was me&su~ed. Tb.e concentration 

o! t l'€ ifferent constituents as deter ined by 

weighing the amounts added to make up the solution .• 

- 29-



Both di lect ic cells were naed in the measurement 

of t he diel~tric constant of t he soluttons end 
. . 

ere standardiz-ed against the samples of nitrob nze-ne 
> 

and ether. The densities of these aolut~ ons were 

dete:Pmined as in the preceding part and also the 

aberrations from the llrixtnre· rule. The follo-wing 

table (fable VII) gives th~ values obtained: 

M. F. -. F. F. . F. 
D:E·x=; l&9t :W: Eth r 

: : Dl; I Hdel:We r lg. 

5.7 .002 . 001 . 907 • 746 . 093 (1) • 

a.o .102 . 009 .so --- • 202 (2) • 

8. 4 .171 . 049 . 780 . 792 • 220 {3) • 

12.4 .190 .180 . 630 . 824 • 370 (4) • 

18.1 .352 . 095 .547 . 872 • 447 ~5) • 

28. 0 . 476 .121 • 397 . • 944 . 603 {6) • 

40. 0 .547 .15? . 297 1.005 • '103 ( 7) • 

If the logarithm of the ~- electric 

constant i a plotted aga.lnst mol fraction of Ha.O. 

plus mol fr etion He01 a straight lin-e is produced 

for numbers (3), (5) _~ (6), and ( 7) . These solutions 

- 30 -



ont in about 13 percent wa~er~ · The dielectric 

const nt of 87 percent B.O.- - 13 p-erc-ent ReO mixture 

~ the d ta of CuthbertaOB. · and Maasa is about 98 • 

. en th aboTe values for 87 percent hj'drogen peroxide._ 

13 per-eent HaO are extr-apolated to ~er!o concentration 

of ether, the dielectrte constant 0-f the mixture 

i found to be 100. Thi m , S that . the diel~tric 

c-onstant of _ ter and hydro en peroxide- is g·r-eater 

than the indi. idual -substanc s. 

Por the sol tion (1), (3) and (4) the 

log ithm of the dielectric con~t t plotted 

ag inst mol ·fr tion does not ·ve st aight line 

rel tionship. These solutions contain betw en 

60 and 70 percent H,., ogen p roride and the ielectric 

constants e therefore uch higher. 

Th hove points ar plotted in t he r ·aph 

in Fi e Il. The curve for the oints number 

( )..- (S}, (~) and {7) is li ar ile p.oints numh r · 

(1)~ (~) and (4)' are on curve ioh 

• .. d m1mmum an uld prob ly sh a value of over 

lOO for the dielectric constant of th 
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· Ptl1te aa~ drous hydregen p~roxide 1f8.S 

pPe ar-ed_ and innovations w~e made in t hG met~ 

whieh gave ~tter yields. 

The Gbje-ctlon. that the r·esonmee 

met d for t e dielectric constant s · inae-cu.rat·• 

du-e to t he conductivity of t :1e water, as aho to 

be unfoun.de ,·~ . s lot1g. as the specific onducti vi ty 

-· s bel:· 4 x 10 no apul'eci ble change eould be 
- .J. 

noted in t he dieleet~ie constant. Ho-wever, whe-n. 

t he · ific conductivity exceeds 4 x 10-•, the· 

dielectric con tant incr ses very rapidly~ 

The dielectric constant and density 

of hy-O.r-ogen peroxide at various dilutions '"i th 

ether ere measured. By extr t pol ati.Dg to lOO 

pe c t hydrogen peroxide, th~ dielectri~ eonstant 

of pure hydro en peroxide was obtained ana agr-ee·4 

wit th value of Cuthbertson and ~f s within 

the error of t he measurements .• 
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The aberration from. the ml_xture rule was 

calculated. The-, results &eeB.l to point- t.o a 

oompoWld of ether ud 11,-drogen per-oxide being fonLed 

in -equimolecular _proportions. 

The molar p'Ol&riz.ati on o! the mixture o! 

hydrogen peroxid-e and ether was calculated from the 

Debye equation. The pola.riz.ation of hydrogen 

p~roxide was calculated but the £leetric moment 

·could not be ealeulated sine-e not enough measurements 

had 'been made on the dilut ether solutions. 

Since eth~r was not a true non-polar sol vent the 

values for the electric moment of hydrogen peroxide 

ould have no significance. 

Th dielectric constant and density of 

mixtures of hydrogen peroxide and v~ater ere measured 

t v-arim1s dilutions •th e her. By extr - ~ol ting 

t he measurements of t l-te dieleetric constant t -o· zero 

eoncentYation of ether~ t he dielectric ·constant of 

mixtures of hydrogen peroxide an-d . ater were obtained. 

The values obtain-ed for the dielectrie co·nstants of 

the mixtures e. eed with t se of Cuthbertson and 

-aass ithin the err-or of t he ·l~easurementa. 
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