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RARLY METHODS OF DETNRNINING NOLECULAR VEICHTS.

{1) ~ The Yapsr Density Yethod Ls ene of the
more Lfmpertant physiessl @@%&@ﬁg-&aﬁﬁ by the early chesists fev
the purpsse of assertaining the Veleoular Feights of substances.
The methed depends on the fart that if a substance exists in the
gé@éﬁﬁa eiate, #r‘yanvkﬁ,é&w%iy gonverted inte the Torm of vapey
$ts melocular welght may be #ﬁyraxﬁﬁﬁﬁﬂiylﬁﬁﬁﬁtﬁiﬁﬁﬁ by welghe
ing érzix&ﬁ wﬁiﬁmﬁ af b8 gas st a:ﬁaﬁﬁm ﬁﬁﬁﬁﬁ?&%%?& ﬁﬁﬁ
yraﬂ%&rm and esloulating the aﬁ%g&t in grasms whish weuld eegupy
22.4 Litren at £40 and T60 Wste pressure. The boot favmﬁ.a!f
’ &@ﬁ&ﬁmﬁﬂﬁ in use for ﬁne&.&ﬁﬁﬁwainé@&@gn &?ﬁ these ﬁﬁﬁiﬁﬁéfﬁﬁ
ﬁamgé;’%aﬁmﬁmﬁg‘&ﬁ& ?iﬁﬁﬁﬁ'ﬁwyﬁﬁgc:

{2} " The ?ﬁ@a# %aa§£&ﬂ Hethod was tiyw%’

- wsed by Faradsy early im the ninetesnth sentury Por detersining
tolesular Yeights, but no lmpertent advands was made en this

. guslitative wethed until i&ga when Waliner found that the
lavering of the vapor tensien of water by naa@v#zﬁﬁila‘ﬁiguaivﬁﬁ
substancos is preportional to the ameunt of the substance
presents In LBBY Temsan shswed thet the melesulay lowerings of
the vapsy pressure predused by asiie of similae &ﬁ&#@@iﬁ%@ﬁ ware
wery nesrly the ssme. He showsd tee that Yullner's sethed glves
snly an appreximatien «s the depression of the vapey tension
inoreases in some cewes woys rapidly, im others less rapidly
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The early invesiigators worked ehiefly with water ap
solvent and emlts as the dissclved substanses. Under eush
gonditions L%t was impossible to stdain consieteney in the
rosults, s water tends %o produce elestrolytie dissceiatiom,
while salts wnder disscsiation in sslutien. The ides of
'ﬁ@iﬁg & selvent wiih 14ttle a7 ne dissesiabing powar, and &
wolute &#a& would not be disseelated cssurred first to ﬁa&ﬁ&tg
whe in 1388 used ether =e sslvent snd such ﬁﬁﬁ%&iﬂ‘ﬁﬁkﬂkﬁﬁﬁﬁﬁ
a8 solutes which would net dlasediate ia solutisa. In this
‘way he demonstrated the poesivility of oblaining melesulsr
welghts of dismelved substanses by messuring the lowering of
the vapor tensien of seluticns predused by thems This mebhod
has labter bean laproved by %@m@&&g3, who in 1910 deviased an
appuaratus, by means o«f whioh, witheut any thermemeter, msle-
sular wolghte sy B9 eaclly detemuined by stetie neasurenents
¢f vaper precsurs with an sscurssy equal 4o that shbained by
ﬁag‘mﬁhaw malhod o

{3 _ Cloaaly velated to the Deprassion of
the Yapoer Tension in the Cametle Fressurs and by its messurse
ment the eavrly chesists deviges maune , whieh ?ﬁuaréé at &
lster dats has move fully developed for molesular welght detere

winations,
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The direet measurenent, howeyer, elther of the
Demetie Prossurd or the Depression of ihe Vapor Tensien is
attended with senelderable d47fiauldy, snd has never found
sxtensive applisation, purtly on this acsount, but shiefly

begsuer a bBebter and move asvursie mebhsd was discovered.

THE ERBULLYGSCOPIO AND THE CRYOSOOPIC uETHOUS,

ﬁhxm.g selute i disselved in & selvent, besides the
lewering of the vapsy prossurs, there in s lewering of the
freesing polnt, or & #ise fn the bedling point #f‘&hﬁ anlutien
éﬁ& saah of ﬁﬁuﬁa shanges provides a means of deternining the
molovalay weight of the disvvlived substuncs., The Preosing
Point methsd, howevsr, is smere Limiied in fts apriisntion than
that buased on the measurenent of the Beiliap Pelnke It i
prastioekle valy when the selvent freszes at o eunvonient
temperaturs , and applicable only vhen the seluts doss met
forn an iﬁﬁﬁﬁ?ﬁﬁ@ﬁ#~w$xﬁﬁ?ﬁ’ﬁi%& the sliid solvent.

The method depending on the measurement of the change
in bolling point far surpasses all others, both on asecount
gf the etuplielity Lo manipulation and the greater 5aoﬁ¥ﬁ§y of
the vesults sbtained. It was disooversd in 1878 by the
Fhystetat Raoult® who then demenatrated the possibility of
svhiaining resulis with 1¢ as agguralse as with the waper presse
ure methed, althoughk he preferrsd the latter up to 188¢., I%

6

i# o the chemiet Deokmunw ihe hewsr 4o dus of first developing
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4% inmto & reslly practicable wedhed, His spparatuz was sulmitte
#8 o the Revman Seelety of Seleniiste on Seplember Zlsé, 18893
shortly aftervards he published » desaripiien of 1t while at
the same time Arrhenius furnished s thowretieal basls for Lhe
mothods ¥ith a feow medifientiona vhich Beskmann made in
#subsaguent yeurs %&é apparatus resaing even tosday the best

fora used in builing peint determinations, italwﬁiaf.v%vﬁis,

hewever, are worshy of sonslderation.

: ‘ - /I
BIFPERENT FONMD 0V APPARNTUS USES XN THE EAULLOSOUPLG METHOD

(1)

Sukuraits Yethed.

Eﬁ&ﬁ?ﬁ$?; & Jﬁ@&ﬁ#&& Ghembot , wap the firet to
adept tho method of heating the sslution by & streas of vapes
fssuing from the beiling selvent. The quantity of liquid in
the beiling tube Lo kept sonastant by passing in & current of
vapor from withoud se that evaparation and sondensation balanve
saoh ather. ¥hen $he correst temperatures have bheen shiained
the sslution is allewed to eswl and the percentage semposition
detornined by weighing & msasured guantity of ihe sclution,
then evaperating it ot & gentls hoak on arwatﬁﬁnha$h and

- wiipghing ¢he Pized residus,
(2}  Lundsbergee's Huthed,
8 is & mediftention of that fermerly

devised by Sakurai. The 1iquid in the beiling tubs s

This nathed

'&ag&aﬁ by the vaper of the molvent paseling ints 4% threuph a
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eondusting $ube frum & flask containing the beiling selvent,
In this way superhesting le prevented. 4s leng as the smolutisn
in the bellimg tube is undsr its bellisg psimt seme of the
vaper sondenses, snd the latent heat of condensation goes to
heat the selutiosn wntll Finally the bolling puint f» reashed.
When this happeuns the vaper passer en thesugh the selutien
without Furtber condensabion, provided wmo heat is loot 4o the
sxterior, '

¥hon the sxperisent is finished, the apparstus is
disvonnecied, the bolling tube allewed te seel, olosned
&aﬁﬁ$uﬁizy, and welghed, the septy Sube halug afterwards weighed
and the welght of the nolvent asuertained by sublrastion. &
gonplete determination need net take mors than half an Bour,
and this saving of tlue, au well s¢ the simplieity of the
apparaiue, are glalsed 4o be the chief sdvanbages sver othey
- faras. ‘

{3 r.snd Lumsden’s Vethe
In the saar your as Landaherger devised his form ef
spparstus, Ualker and %ﬁ&#ﬁﬁa?.mﬂdifiwﬁ:%&&'ﬁﬁ#ﬁ@& st that
wevaral susssnsive readings with the sawe portion afAéisaaivna
substance are made posslidblis. The &géifiauﬁign ssnsigts in
Foading the voluas of the selubtien slter equilibrium hae aaan 
established, indtead of detorsining ite welpht,
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In the two nethoda, ALfferent constants are used, the
volume gonstant being squal 4o the Reshuaun constant divided
by the dsnsity of the solvent st ifs beiling pednt.

There are thres psesible sourees of serer in uming |
this ferm of apparatuss, thewe have been pointed eut by Ueldrunm
and Turnesi®, -

{1} Frastionation geos on and should ke 1iquid be
fmpurs the beiling poiut v&&&gﬁl This errer ¢an enly be
avelded by saveful purifiostien of the éﬁivkﬁﬁa
' {%ﬁ The volume of the selution i seasured, and teken
te be propoviionsl te ihe melvent, by whieh %triu agsumed that
the velume chunge which sceempanies the presess of ssiution
§n mag&igiﬁaan' in the weight nethoed if enpansien tubes plade
durding $;§§iaﬁ-£ﬁ invelven o dininution of the concentration
of the selution snd af the mame Sime prosumably & finimutisn
hotl of the esmotla pressure and of the belling pednt slovation,
ant Lf the elevaellon of ihe Beillng point 4s tos small the
ariesular wolght w111 bs toe largs. | " |

{3} The sain souree of srror is due to the faet that
whan the soluiien of the liquid &n'ikﬁ vassel is preat the
presgure ot tho botiem of the veansl in grester than when the
volume is amell and conssquestly the vhserved hoiling peint i
higher in the first emse than in the sseond. This effest nay
be g0 great as to render ineperative the uas of serbain

solvenia.
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(9 Jouss' Hethod.

| ) This nethod Ls somewhat similur to that
devissd by Bekmana. In 4% the bulb of the thermemeter i
Placed within o platinus oylinder, with platimin tetrahedra
undernsath. This prevents redistlon. The veluwme of the
idquid ia éa éﬁga#ﬁa& t%aﬁ it san n&v&r'&ﬁix sver the top ef _
~ the platinm aylia&awu A9 the seslsd svlvent tiﬁﬁy buok frem
%ﬁﬁ‘ﬁﬁﬁﬂ&%#ﬂﬁ‘iﬁ sanmot doms inte direct sontued with the thers

~ wometer but must first pass down and then up threugh the

%atvaha&%a, &y whiah progass it in heated o the dorrset bedlimg.

yaiu% af the Q&&ﬂ%i&ﬂ« Thens are the twe distinolive Poutures
of ﬁk& &ﬁﬁﬁ#ﬁﬁﬁ& wnd bogsuse of @nﬁmkiﬁ is sadd te glve uare
awa&ayﬁanﬁ results than sther tanma;
(9 at&uw Hothads.,
‘ ﬂhﬁmr smong the eihor methedw that eould be
‘ﬁ@asia@raa are those of:
B. B Eiﬁ#zﬁ
oK. Camorsn and ¥.R.Ornderttt
o B0 Ludlas M
e Ho Holoy®e,
-mwﬁ*?urnat anﬁ P ?&i%a¥ﬁ16
{ﬁ; 3@@%&&@@‘& Hathod

In thie methad

T the ssiution 1s raised to

ite beiling polnt Wy the indirect heat from s burner, and singe
the bolling pelnt of u selution of a nonevelatile substunce ie 4
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the temperature at which the eslubion is in squilibrdws with
%ﬁ& vaper of the belling solvent, the bulk of the Lhormeseter
must bo placed in the solution L4esif and wet in the vapo P
Lesuing frem &t. If the thermsmeter were plased in the vaper
suly 1% would y&gi@%aﬁ approzinately the tenpersture of the

selvont and med that of ﬁﬁuiii%ﬁi?ﬁ*% $ines the Yereury buld

ig plaeced diveotly in the 1iquid the utueet precautions muet
b teken to provent superheating. This is done in the follows
ing manner:

The belling tube & Pig.l. 4s aboot 2.¢ sm. 4w @&ﬁ&aiﬁ#;
it bas » thick platinuem wirs fused through 4ho betiem and is
filled fer abeut & on. with glase beads o7 aluminium or platine
um tetrabedra. The sbjest of the pletinve wire 4s to senduct
the sxtsronl hesdl inie the sedutisn se that the bubiles of
vapor will foms chiefly ot one plass and thus prevent FUpE e
heating. The glade beads or botrahedra are used te split up
the large bubblos of vepor inte amaller enes se that move
intimate nixing of the ssiniiun and the vupor of the sslivent
wmay be sesursd.

& standard Deckuana thepmometer must be used, Im 14
the ecale L divided iate 1/100 of & degres, and By using a
lens er magnifying glags can be resd te 1/1006. The valtd of
the thersuvmeter is plaged Just above the é%&&a o telyabedra

and sempledely seversd by the pelvent,
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Badiation e the gurrounding wedis is redused o o
minkuws, by ancireling the bwiling tube with & wapor jasket B
sontaining about 20 eo. of the bolling selvest. In this way
the risk of auﬁérkaaiiaﬁ is greatly reduded. Tobth vesssls are
provided with reflux water or alr condensers O; emd Oy, The
asbeste s hesting chanber U contuing two asbeston ringe && and
hy %o pretest the heiling veaaﬁ&»f:am the direct hoet of the
flane, and two webestos fuonela 8§ wnd 8 te Garey away the prode

uste of sombustien, The hest ef the burners reaches the ligquid

is the vaper jasked Shrough the rinmg of wire gauss visible at 4 |

(4)  HETHOD OF GARRYING OUT A DETERUINATION WITH BEGKMANK'S

BOLLING POINT aPPARATUS.

T perfern the sxperiment the bolling tube ia fired
woighed, then sheut 20 grame sf the selvent are put imte 1%,
@&ﬁ7@@gﬁﬁﬁﬁa@ g then osonnested up, pleced in position, and the
nesting bogun. The flase is so regulated that the condensed
- selvent drope bagk anly very slevly frem the condenser. The
veiling i sover hastensd by using o lurge flme. Vhen the
thoraoneter bevomen steady, ehich uvawally takes more ih@ﬁ hald
an hour, $4 i reud off« The flame is then ressved end a
wolghed guantity of Uhe solubte sdded through the condenser,
sither in the fove of & pastile 47 & sclid, or frem & spesislly
ghaped pipotte if a Tiguid. If aiy condensers are nsad the
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1iguld should be allewed ¢ cool considerably befere She

condenser is remsved and the selute added. This neceenitatue
& lows of time snd powsibly & loss of waper frem the ssleent,
88 that the water gondensers should be veed if possible, us
thegs need net be resoved frem the tube in adding the aﬁia%w,
4p @oon aa ﬁhia'ayﬁva%iﬁﬁ ie finiehed the heat &#‘aga&u wppl dad
gud the balliag point &&%ﬁﬁmiaﬁa* :x% i Pound to have ralsed}
und the difference botween the first and sesond readings of

the thersemetor is the rise in boiling peint dus %o 4he
'grsaeﬁ@& gf the dissslved substanve,. The sume vrocsess Is apaim
‘gaaa through shon wmore slute fs added ts the solution ﬁaﬁ'%ﬁﬁ
riag in beiling peint delerminsd. Tha eperetion is vepeated

until several susceseive readings heve beon taken.

{8}  PRECAUTIONS TO B TALEM AND GUNDITIONS NECEGSARY 70

BROURE ASCURATE RESULTS.
In determining the belling peint of a solutisn of a note

velatile substance, slaberute prepuutions should be taken te

‘sagure ageurate results and the e¢losest attentien must be puld
46 the fellewing peinmbe:

{1} The vaper and the selutfon must bs intimatedy
mized in order thad & prepeyr seuilibriue @#y be setablished.

{2} hegular beiling must bs onsuved.
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(3) The heet exehange with the murrcundiogs wust be
reduced to o minious, sthervise the tenpersture observed s
st the tempersture of esguilibrium,

{4) Bince beth the beiling peint and the hest of
vapopisation vary with the precsure st which ebullitien bakee
pluge, there iz no definiie meleculur elevabtion for eny ous

CBelvent unlens the pressuse is speskfisd,

{5} An sesentis) condition for the success of the
boiling pelnd i that the disselved sulstonces akemld nﬁ% ftuely
give of # an appraciable swount of vaper ot $he bedling point of
the selvents It Lo only applicable dherefers 4o substances of
sempareaticely high belling point und cannet bo eepleyed with

suseens for velatile subsbances sush oe aluohel or bonient.

{6} The diesslved substants must not eseseiate in
sulutisn, that istwtwﬁ er more melsdules oust nedi sombinme %o
form w larger ones 1Y associetion tukes plase this glves toe
great w value for ihe melecular weight. {Assoclatisn becomes
apperent s & rule in solvents of dislestrie sonstent lees
than 18,0, and $he higher the dislosdris gonetand af the
selvent the mmaller is the degres of asassintion of the
&ﬁiﬁ%ﬁ}lﬁ* |

Mesoulation on the other hand gives a valus sush

smaller than the trus molecular welght. Thie is found te be the
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oune in slmeot avery insbesse when seids, baeos, or saldas

are used.

{1 & serbain Trastion usvally 0.2 or 0.3 gres &s
dedusted from the waipht of solvent used, becsuss this guentity
ig in the form of waper er fust ﬁﬁ%ﬁﬁ#@ﬁd during the ssperisment
The exact smsunt to be duducted can readily be determined fer
aach golvent by ﬁniﬁﬂiaiiﬁg the welght of vaper £filling the

tube and puart of the sondanser during the sxpsriment.

| {8) The baremetic pressure should be taken ab She
beginning and 8% the end of the exporinent snd s correcliion
made if negeswsary, s s emall waristiow in the bavemetrie
helght may have conslderable influswnes own the scunraey of the
resulte If tos great & veriation buasg coourred, it is mush
-better 1o negleed ihe resulie and to repeat the experiment at
& more faveursble time. II hovever 414 1o desired 4o sorrect
from ahm&%ﬁa to mormal pressure A ¢ i te be edded where
Bt s (T80mp) (273 + ).

(9] Irregular wedling and bumpbhg must be aveldad.
{10} “ubstanses wesd nuat be easily purified.

{11} The theory on which the galowlation for nulaesulas
welghta by the E@ii%ﬁg‘yﬂiﬁ%-mﬁﬁﬁﬁé is based holds goed fop
dilute nolutions only.
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{12) & standard Heckmann thermemeber must be used
in the detemmination, and & ﬂﬁ##&ﬁ&?? vresaution Lo Y¢ tep
the thememeter befers éaking a vesding. The helght of tha
morsury is read by the use of a lens or magnifying glaew.
Befores using the thernosmeter it aheuld be p@égafiy ask, that ia
the amo unt '!{1’ ﬁ mereury in the bull must be e regulated thod
at the partisulsr temperature of the sxperiment ihe end of
the mereury thread ig on the seale.

{11} If & hygresdepic selvent i used the ovndenvers
abtuohed fo the boliling Subse sust be protocted with u drying

agent such as oalalws shisride.

{14} Gosks or pubber nust sed be acted upon by the

solvent .

POSSIBLE MRROAS,

Erpors of various binds sy oesur in the deteminstion
uf the value of the melesular welght by the beiling peint
wethed, 80 that eniy wn approzinats valus of the trus sne
may be ovbained. The fwe ahief Kinds of ervers arel

{1} Qonstant Srvers

(2% sgeidental Irrors.

{1}  Donstunst errors may be dus $o sems erver in the
appsrutus, or to fhe weglest of eerteln Pactora which influencs

the results. If a senstant ervor escurs exergisiag en
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appredgiables effest all in one dipoction, the valuey

sbtained may differ censiderably fros the trus value.

Sush errors may be caused by the heating of the glass, e

the bareometur op the thermometer nay be sul.

{2} acoidental errers on the sther hand may have either a
pesitive or & negulive offest. 'They nay be due to & teo hasty
stisepyation, or % o change in the baremetrie provsure during
the determination. '

THEPRINGIPLY ON WHIOH THE MRTHOD DEPENDS,

The possibllities which form the foundatien fob the
bolliing point methed were net st Flret resegnined, but wave
gradually avelved fr%ﬂ §§§@?ﬁa$i@n$ f the vapay prossure of

- pelutions and awiv&aﬁa'ﬁyhaﬁéh iwvestigsters as Fullner, UGetwald
#pd Hasulé. These mon sarly sbeerved the appresimate pres
portionulity between the dlnimwtien of the vapss pressure and
the slevatien of the bodling point, and frem these sbservations
sotabliohed $he thres follewing Tusdamenisl Faots.

{1)+ & selute when dissolved in a selvent always

preduces an apprediable rise in the belling point of

the selutien.

{2}« The rise in beiling peindt is preporiiensl te the

wmeunt af substance disasived.

{3} Ovammeloculur quantities of diflerent sslutes,

or squinmslecular solutes in the sens selvent give the

- pame rise in %&iiiég point, previded the necossary proe

'a&uﬁigaa,&ra %ﬁk#ﬂ ts melagd um&%&#&&ia&ia& &Y UREBS0¢.

tating substances,
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4 thersuzh sbudy of the affest of the disoelved
substancs on the welling peint gf ® Tiquid has shown thal
the rise in heiling polnt of the solvent produced by -
dianelving in 4% & noneionized sclute is pesporiional 4o the
webght af the substancs dimselved, and Lnversely properticnsl
$5 the wg&gh%-gf the asolvent, aaﬁ %o the moleeular welghé of
the diesslved substunce, Thess facte san Bk‘ﬁﬁkgﬁﬁﬁﬁﬁ by the

fo rmula:

At » ©

where
At e the vise fn Belling peint.

8 *»ﬁhaﬂwaigk% #f the solubes

&3 = the waight of the selvent.

B e the melovular weight of tﬁ@ aazuﬁa«

8 wa &#&Sﬁaﬁﬁﬁ «

The value of 0 e«# be found for any sclvent by
determiaing the rise in belling peint predused by a&ﬁa&lving
8 deofinite welpght of smome sultable a&iﬁﬁﬁ in & knows quantity
of Lhe selvent, Por szasple, 3% has been found that when .9
gvem of & oubslunse having a molesular welght of 1313 de
dinselvad in 1$‘§ grans sf bYenzene @ha beiling ﬁtiﬁ% of the
solvent is raleed 0.§55° G, Ve cun now substituie these values
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in the formula

" ﬁ?Qﬁ*

«§
From this we find thet O = 2730 which ie the value

of the cenabant vhen the ssivent used ig bensens. In @

elnil ur way constunts for other selvente may be found.
~ IF the absve equation is written in the ferm:

% At

aad 1¢ the constant for the selvent La kwewn, it Ls quite

¥ = 8
L

evidont thet an vnknown molesular welght gan be detormined by
ﬁﬁé&#&%ﬁg the ries in beilisg peint of the solvent prodused
%& éia&aiviﬁg‘ia it o koswn welght of the faiuiu* Yor
&3@&@1&, the vise in bolling polut of bLenzene wae a‘¢aﬁ g
when D464 gram of & certain substuncs was dtsselved in 20
grang of kﬁmvaﬁx%euﬁ, “nd by substituting theoe #axaﬁa.&& %k¢
tormula we got 158.34 grame as the molesular welght of the
wibstance .

Hw 2730 x O.468 = = 158,34
: . 2 x O.AB
From thesrsticel sensideratisns it has been feund

poesible to walewlste sn appreximsts valus for the censtent C.
Asording to the Law of Tretton
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8 & 000086 T ¥
vhere |
% = the abselulte belling tewperalure
¥ e« the meleeuler waipht of the selvani,

Agadn 4 we sdept the methed first werked eub by
Gstwald, snd later sedificd by Jemes, ve have |

6 6 27
o AR
N 100 b
whure
= the sbselute beiling temperature
1. = the ilatsnt heat of vapsrisation of %ha,saigm
. : . B »
er Leod
® the abwelute boiling tenperaturs
% the latent heus of vaperization
then | |
o o oD.ore8 10
e

1f the heat sf vaperizstion of & substance is wet knewn

1t can be determined by sbserving the wise in beiling peint
- predussd by disuslving in 4 another ﬁﬁkaﬁﬁﬁﬁﬁ\ﬁfrﬁﬁﬁwﬂ |
_molecular velght, | | |

The senstant ¢ remaine in esch casy the sane and ia

valid for all sultable esslubes in & glven selvent.
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PRACTICAL APPLIGATION 0F BROKMANE'S BOILING
POINT WETHOD I DETERSINING THE MOLEOULAR

GONSTANT OF TOLURNE.

The purpose for which this sxparimental werk nﬁﬁ
undertaken was to determine the melecular constunt of Teluens
by Bockuenn'sa Hethod, AL the substances used were firat
puritied and swery precsution teken t6 ensurs sscursey in the
rasulis. I was of gourse nshessary té run several deteseise
shisng for pructiee snd 4o 6%$Q$V§'¢¥&$§X¥‘ﬁhﬁ bohaviour of
the bedling polint in & very dilute selutien and & were senvents
rated anes The best apresing results were obisined by usisg
the guantitien of sglute sud selvent raﬁarﬁﬁﬁw Fo atbompd
hws beer aade te give all the weaults #k@&i&ﬁ& and the prastice
dotorninutdone are dissarded. Hesults fvem the four fellewinug
subatances are gliven: |

{1} biphenylamine (&g Helg NH.

{2) Phenantivens %4 Yo

{3} Diphenyl G2 By,

{4) Diphenylmethens CHy {ﬁ@ Kg}s

The forawla QAt =« ¢ g was appiieable.

The telusne was obtalned frem Maliluskrodi's Hu¥., and
spaeial atbentisn was glven to its purification. The nethed
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adepted waw nesrly similaer to that used by Bichards wnd
Earzyaﬁw The toluene was firet sheken with sucesssive
portions of sulphurig wcid watil the aeld remsined gelerloes
after four supgenaive agltsationn. The last traces of sald

" were vemoved by meamunm of w solutisn of scdium hydroxide, and
4hie in Surn by repested washing with wa@g#av The tolusne was
agaln shakon with suesessive periions »f #iﬁﬁﬁ-%ﬂfﬁuﬁ? until
the Hersury ressined solerises after three sussssuive agitats
fons, It was sgain washed with water sud dried with sarelully
. prevaved sodium whieh bed been fresbly eut ond washed for &
lang time with purified boluene, agein out and washed and
presged iudes s thin wire threugh & prees which had Tewn
praviovely washed with teluene. The first and lasd portione
sf Lhe wirs wers diostarded, The telusue was now ﬁyiéﬁ st 100°
sxey sodien and hept over sodiuwm for gome tlme. It was then
dveanted of f and distilled from an srdinary distillimg flusk
pontaining some bolling tubee. The frﬁ@%iwu dietiiling ever
firet at & censiant tesperature was carefully preserved ia

& glass stoppered boitle and used as selvent.

Yhe substuness used as selules were oliained from

Eshlteuns and wore labelled ss pures The sasple of dlphenyl-

woethane hovever had & Taint yellowish appearance s it was

rodietillied, and the puve Tractien dlsbilling over al a
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gonatunt deaperabure was tsken and thé melilng pelnt
deterained, It was shars ab 26.5°
| The sriginal diphenylamips wes pure. It had me
‘unplousant sdor, contained ne oil, and the coler was not
affected on ﬁxgaamw& 46 Yight. X% had a sharp m#i%iﬁg point
at 53°. | o
Both the diphenyl and the phensathrans were pure,
%hﬁ&é nelting pelate wave sharp st 70,57 and 1@@ﬁ3§
peapestively.
In ﬁﬁ&aa&aﬁ%ﬁg the resulte sll the date of %&a
expeyiment are not givem. Por %xﬁmpiﬁ, the fﬁliﬁﬁiﬁgwﬁﬁﬁmﬁlﬁ
S——— |

8 = B x At = 8y
e

where
g = the senetent to be found
B~ the molsoulay weight of the eslute
A4 = the rlse in beiling peinmt
By = the serrected weight of selvent
§ = the welght of selute sdded.

In ke firet pesult obtained weing phemanihrens ue
ﬂ@%ﬁﬁﬂ;kﬁﬁﬁ:aaﬁﬁﬁﬁﬁaf weight is x?&'iﬁ grims spd the rise in
beilingepeint produced by adding 04181 grams of the substanve
te 19.11 grams of teluene wss 0e39°%. Substituting thess
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valuses in the Taymuls plves

5 ow  118.35 & .39 X 15,11
' vﬁlﬁl

* 3176

Agein 0.208 grams of ssluts were added 4o the seluiien amd
the ¥ies in beiling point preduced was 0.1%°. Thewe qusntitiss
are added 4 the Tirst ones éuﬁ,%hﬁ formuls “eocomes |

g - = 3174,

Hero sslute wne added to the solutien until sufficlent

. poadings were cohtained.

The velume of the tube Fillsd with the vaper of the
aﬁlwﬁaﬁ»a% the temperature of %hﬁvﬁﬁkﬁfﬁﬁ$§§'ﬁﬁ# estinated ab
80 ae. Thie glves » cerrestion of 0.2] grums which was
- subbrasted frem the wolght of toluens in the Eﬁi&iﬁgiﬁﬁ&ﬁi

The glass beads were wsed in the first experimental
werk but were ssen dlscerded, us such betiwr revulis were |

ebtainad by using aluminium tetrahedra.

Tue belling tubss were protesied from the suteide

malature with celolus ohlerlide dubos.
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USING PHEMANTHRENE,

Yeleht of toluene {cerreated sulvent) s 19,11 grase.

1s @ = 3176

24 = 3174

= 3176

k310

g.

L e

Hean of 1, 2, 3, 4 = 317

USING PHENANTHNENE

§

Welght of teluens {wsorrected selvent) 20,00 groms.

o g = = 1T

#

o o . M85 x .52 % 200 U

«598%

3o & 0w MBE x .78 x 20,0 . 3182

)

' .

Hoon of L, 2, 3, 44 = 3&&@
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USING BIPIREYL.
Soiuht of telusne (corrested solvent w 20,25 grause

e = 3175

¢ - 313
3 « 3183 o e

&e w  318¢

Mean of 1, 2, 3, 4 = 3718

ﬁ%x% 333:'? ﬁ%ﬁ?&y ®

Helght of tolusne (corrvested goivent) = 19.55 greme.

e G @ = 3183

2, € = = §3‘%

3. & é | s 3184&

= 3190

 menn of X, 25 3. 4, = 3184,
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U31HG OIPHERYLUBTIHANE

Telght of Toluens {eorrected sslvent) = 19.3) gramae.

1o @ = 28838 ® .37 x 19.3 - 386

" 37‘ 71

= 3188

. 3188

= 3197

L

Hean of 1, 2, 3, 4 = N8,

USINE DIPHENYLMETHANE,
Weight of Tolusns {vorrested selvent) = 19.82 grams

f. = 3188

’ &&5&5

268,16 x 948 x 19,82 . 3194
S8uR

3¢ € =

4 & . 168416 x 1.260
143127

9282« e

CHean of 1, 2, 3, 4 = 3193,
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*i”iim BIPHBRYL AT R

Teight of Toluene {correstsd wslvewt) = 20,10 grasa.

1, 0 » 109.16 x .82 x 20,3 = 3189

«A478

= g0

3. 8 = M6 3 532 x 20.1 o 9%

e o 169438 1.7 3 20,1 . 1199

Hoam of 1, 2, 1, 8, = 144

# Y830 pr.

» 3167

- 93

3. 0 = RERE 3 .92 x 18,20 . 3204
| 8810

4 € = 160436 X1.23 x 18,20 . 3206
1,1773

16916 x 1.4 &

T ‘

£ O

2




THE RESULTHE.

The mean valus of the melecular constast of toluene
as ebtained frem those resulis is 3187 sc that i we wisgh
to find the mﬁ;aﬁaﬁawyﬁtﬁgh% af n owbetsnce by Beckmemn'e
poiling point sppurstus using telusne as selvest the ahove
constant zuet be ssployed. The value obtainsd by experiment
is a&naiﬁ@vahlg Bighee thun the one amiania&ﬁ& from the
&hm&r&t&aai @ﬁﬂﬁ&ﬁ%?ﬁ%iﬁﬂﬁ ig the formula O = .ﬁ&ﬁﬁﬁﬁZi
whi oh gives the spprosinste value st &nﬁim&tﬁ dilution.
¥hen the absolute beiling teuperuture rises and the hest of
vaporisstion is dimsnished the valus obtsimed for © is higher.
In %h# sxperimentsl results thers is en the whole » rvise in
the velue of the constant O for a rise in weiling peiad ﬁai
4his nsed net n@@ﬁ&@a@iiy 1 ﬁﬂyﬁ#ﬁﬁﬁgsﬁ The vaiunes shialined
ars falriy aﬁ#ai&nﬁ‘&% the conseniretions and fer ihe

subsbancss used. The meny baronstrie pressurs was FTEALT memte

In waing pure naphihalene as welute it was faund that the value

obtained for the constant was mearly 300 tee low. This ne
deubt indioates that the naphtbalene wad svwwwhat volubile in
ghe vapor ol the hoiling solvent, The results shinined ave
ot regorded, and mo eblempt s mede to give duta of the thevt
sxperimental wark in which ssallar and greater gusantitles of
the solutes wers used., If an error has cocurred and the value
of the constant O 1a fos nigh the sause nay be due io the uwae

et » non~standardized thernometer.
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