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OHAPTER T
- mmmm}mm

- A magcr prablem aanfrant&ng every tuvesﬁ&gater wh@
warka with aynthetia arg&nia whamisﬁry 48 thaﬁ of the
arystalliaanion of ﬁha pr@duata abtaina&g mh&s pxoblam '
neaeaaitaﬁee axkaaaiva attanﬁian baﬁn on éhe axpar&m@ntal
and on th@ ‘theoretioal 1&?@1; In ovder %m gain an uadaw» |
at&n&img of %he bah&viax of substanees 1n tha 1&@&1& ﬂﬁﬁ%ﬁy
80 a8 %o be batﬁaw able ta.manipumate them i@_pxaaeﬁumﬁa
viat&naéd'%a-induae aryaﬁaliizétian'fram aamplax‘mixﬁukas,
'eanaiderabla aﬁtenhian hes been glven to varieua m@asla of
the l&qui&»stata; An understanding of the natuwe af pure

xXQﬁiﬁa wmu&a seen to be an essential pwﬁlu&e to any
 at%ampﬁ ta understand the bahav&ar of aamplex mixturea
£rmm whioh one aomponent 18 to be separated, Bince viscous
_11qu1dg ars sametimas 1n & staﬁe @f ina&yiemt aryét&ili& |
zaﬁxan, ar alas meﬁreaant eystama whiah aspaaialiy resiet
 arysta11iza$i@n (@agas airnga, glaaaeaf ate._; a aﬁudgfat
thﬁ aapiilary behaviar af auch 11qmiaw 13 af ﬁhearet&aal
»,as wall a8 pr&mtiaal 1n$erest., B

Aﬁi‘ia ﬁmm th& iﬁﬂlgh‘ﬁ 1!11%6 'tme mﬁ.exaa&apﬁ_q stme,«,

'tura af lmauias wh&mh may be gained fram thaareﬁieal 1nﬁar~
preﬁatians of visaaai%y neaswrements, kn@wiedga sf viaaoua
flaw prapertiea is important in many hydra&ynamic pr@blamaﬁ



The w@s%ésiﬁiaa,a£ §¢lu#iaas of u&gh,pnlym&wa.&aganﬂ.@g@n
ﬁhé’aiaés and shﬁpaé‘dﬂ thé*maléﬁuiés in saiﬁt&@ﬁfﬁhﬁ ihﬁa
prev&de aluaefml method fér vha study af palymex eanfigum -
x&ﬁians. (33) o | |

FL@I% PﬁOPERTIES

| Mattar may exmaﬁ &n @hm aml&ﬁ atata ar in th@ riu&d
stﬁ%a, quids are é&vi&ad imﬁa 1iauids an& gases, whinh
h&va m&ny pmayertiaa that awe s&m&l&r o ane anothar. bu%
kaérﬁa&n athar preparﬁiﬁs whieh are nﬂt at all s&milarﬁ mha'
‘aimilar&ty and 1aak of aimilariﬁy amaug selidsg 11quids, .
?»and gasea may ba gaﬁerally traaea %9 tna spaeine, mabilit&.'
:and struatura ax thaix m@leeulaa,>‘_ ;," _ ,
L wha mability of the maleaui&a haeem@s pgggreaa&valy

‘igreatar as ane passew fram tha aaiid (1n whzah gresa
'mmnw 18 vs.rwaz 1y mmxis’sem) through *bhe qu end
to thﬁ gasaauﬁ states, &hiﬁ inareasa 1n mabil&ty is
eani“d by the 1nereaaaﬁ Kin@t&a energy of the maleaulaa.‘
mhe easantial difﬂeranea batwaen 8 11quaé amd a gas is
th&t &n & 11quiﬁ the free path aaas ﬁat axia%: a muieeule
18 1n continual interaataen With its neighbarab(’3)
‘""“;Thm maleauiar etruatura of a solld is ri

fJbonas;beﬁwean the msiaaaleﬁ are so strong that the molew
Qﬂl&ﬁ &6 net readily move walative %a eaah ether*; A salid

dgea h&vg,g_gawiainialgstxaity, hawavew,hwhaap magna that,

"Q"_"mm the 7



fat'aigiven gtress, theﬁaiw-a aerreapanaing sfrain'ev
dafarmation, xag&r&less of whathar %he gtyess s ane of"
eampresaian or of tension, |

If a liquid 18 vonfined, it wiil exhibit glagtio
pﬁégértiéﬂ with raspeat to. gompression, but only undér
eerﬁa&n @mnd&timna does 2 liquid withetand t&nmila
ﬁﬁrassaaQ 3eaauaa of the inaraaseﬁ apaaing of the m@1a~
gules . 1n 8 gagy & gaﬁ haw mnah less xeaiatanaa ta |
aempreaaian than elther a #0lid or a«laauid, and 1ts |
tensile stzength ‘epproximates zera.(ai o R

‘Beoause the moleoulay structure of a 901448 is
eﬁsanﬁially rigid, & force which is applied ta ﬁha solld

1a*raststaa—aiﬁttﬁuaﬁs;

"y un:ﬁ*‘*taﬁtﬁ~§§“‘"$x ag &ynam&a
éanﬂ&tieua, In a 11@&1&, the - mnla&ulaa poesess a oohew
miveneﬁa whiah %ends ta hold them tag@ther._ Th@ mo&aeulaa
are nat £ixed xelativ& to eaeh other, bub insteaa are free
ta_mave and slip yaat one anathamg dasyita the fact that
tﬁe;é@@ging mfv%ha'melaﬁnmaa 1e not yvery different frbﬁ
that in the solid state, This meens that, if & force 1s
applied to & free 1iquid, the liguid will continue o

- -ohange 1ts sh&pa until the foree is- relievea;¥f1n=atnex~ e

w&rﬁs; unlass a 11qu1d isg eonfinad on all ai&es, the 1iquid |
raﬁistanae to a force is a ayﬁamia rathey than a statio
prapertyg Thls resistance is ralat&d to thQIViacaaiﬁy



and %he inawtia. . _
Lik@ mclaﬁulaa af tha 11quid, thﬁ malaeulaa af 8
lgas slip paat ona anathar whiia resia%ing 8 feraa ag&inﬁﬁ
- %ham only undar dynamia c@ndiﬁi@na of m@tman, vniika tha
liqui& maleeumes, howavar, tha gaa melaeulea are wiﬁely
apaaad and have mueh mare mobil&tywwwhiah rasults 1n ﬁha
gas nat anly being l@ﬁ& &enae than tha liquidg but alaa in
1ts having differenﬁ visaaus behaviar* | | _
B " Tha partiaular fluiﬁ praperﬁias @f aauaarn in this
 work are: &anﬁity (p), surfaee ﬁension (V)p ana @h@ 1‘
:viawsity um . | | |

‘ _Eé_sitiﬁ The ﬁensi%y of & fluid is the mess. Whiah
'1% POSEEREeS per unit Yolume, Since a moleoule. af a

aubstanaa h&s 8 @arﬁain HABE- regardlasa of m%s &tﬁta, it
fallaws that the dema&ty is yrapawtienal ta the numbar of
| malenulaﬂ in a un&t yolume, The density of n substance in
~the 11qu1ﬁ state is apyxmximataly tha same as ﬁhat fer +the
»ﬁaalid sﬁate and ia much greater than the &ansity of the
gaﬁaaus_at@@&n It is aignifieant, however; th&ﬁ the
ﬂensi%y*afla snba%anee (under given Qonditiens of tampera
. @ture and pragsura} is a fixsd Yalue, xegarﬁlass af tha
"’"gravitaﬁiana& system used, Bensiﬁy 13 important in any
prablam.ef £low in which there is aagaleraﬁien,,(a)



| | _VWQ,W,
, ] slom; Surfaee ﬁanaian is r@apanﬁihla for
,%ha faaﬁa thaﬁ aerta&n insects are able %o flaat/en waﬁar,

that 2 Small drop of liquid aasumes a- spheri@al ahapa; anﬁ
tb&t 1&quias move upwar& 1n aapillariws, or through yarmus
' meﬁia, fmr gxaat aistaneaa fyom th@ir sourse of aupply,

Whe prapewty oL aurﬁaea tenmien is partiaularly
aigniﬂiaant 1n 1iquida* This 11%&1& surfaaa phanamanan

ationa undér olther statio or aynamia conditlons,

vﬁurxaaa ‘tenpion arises from mala%iva forees of aahagiwn
 and oahasian* | e | ’“ ,

& mol@uula in ﬁhe body of a liqui& is in ésn%&nual
_1ntaranti¢n with itg naighbara, Within the ba&y az a
1iquid the veotor sum of these interaction roraea ia Zero,
at the s rfaae—aﬁ—a—&iga&&—is—“““‘“”**‘f”*”

,aatad upﬁn by a pet inward cohesive foroe whi&h SRR

By eontraat, 8 molauule

pergenﬁiauxar to ﬁha surface, It reqmirea werk ﬁo mava
malaaules ﬁa ﬁh@ 3ur£a¢@ againat thiﬁ oyposing fawoaf and’
Thanae %ha suxfaaa maiaaulaa have more wnargy th&n 1ntariat
aﬁaﬁﬁ .j‘ e ," o
G mha aurfa@a tansiaﬂ of & 11qu1d 1s tha wmrk that

lmuat be &ana %0 bx&ng enmngh melaaules fram the 1ntaw1ar

mf tne 1iqu1& ta tha aurfaae tc fmrm an@ new unit of that 'f'”~”
Awsurfameﬁ ﬂy aems&darimg a aingla film 1t oan be seen Ehat o
1‘thﬁ aurf&eﬁ t&nﬁion paw uniﬁ 1@ngth ia 1deﬂtieal with the

fwea ﬁurfaoa anergy per uniﬁ area, (34)



, WhenaVﬁw & 11quid surfece is e aawvaa eanrigw
mw&ﬁian ﬁhawa 18 a pressure &&ff@wena@ b&ﬁwasu the o
‘aiaas af tha sa&faaa‘ The equation xalat&ng tha @umvaw ,

--tuxeg tha pmesauxa d&fﬁawanaa* and the aurfaaa tan&iam Forms
the basia for many riethods ax maasurimg aurfa&e tanaien,
This relak&aa&h&p gan be derived as follows, '

Let. Aﬁﬁﬁ he. a suall seotion of & auwvaa liquiﬂ |
-suxfaa@ a@pawaﬁing phise o (eas or vaper) fram phaa& 8
{iﬁﬁuiﬁ}; 1 Anﬁﬁ 1% not spherioal but p&rﬁ of a anwvwﬁ'
snrfaca, i% iﬁ always pa&aﬁbta to £ind two 1&%@&, AB and
»sa, at r&ght sngles o one another on the eurfaa@ and suah

‘;tha% nammai& at A and u intarﬁaat at pein% 03 whiia those
from ¢ ama D &nﬁ@wa@at at 0’ The lines A0 and Do’ are
:ﬁﬁheusurf&ae—---—~’”*“”

1n 9&gure 1 tbaaa radii of ourvature 86 &@nata& by ¥y and

'amllaa %ha pr&nﬁ&pa&‘waﬂii of ourvature o

ra. ?he amaa af Altx &a @1van by %ha pre&u@% af th@ two
axew, Aﬁ amd 3‘1 -

L BERa g«@f@/mxwxﬁiﬁa»,"“

"whawe e; an& aa awe %ha amglas ﬁaxmaa by %ha ra&ii a% %ha

| aeﬁtara of uuyvatmra.

o | f”%he area 1& naw mavad ﬁe a gaﬁiﬁaen parallai e
s ,riginal aa&tien, the raaiz wf euwvatur& &re

anaweaﬁéa by an amaunﬂ Qg, @hia movam&nt aan ve aaeam»

pi&shad by maanﬁ af a graeaura diffarena& A? w ?u - Pa.



&h@ area @f tha naw surface A’'B ﬁ’@' is graa%@r than hh@
ar&ginal awaa Aﬁﬁb, and tha ahauge anmlvee wmrm &ana -
'againah tha surf&aa %Qnﬁi@ﬂa wh@ am@un% wf w@rk invalvea
~1n ex%an&ing tna ar@a mnst b&l&uce thﬂ wwrk aana by the

'yresaure, ]"'

SR LA X E'Q‘B’ (fg*&r)fﬁaﬁﬁwﬁﬂxﬁa

B (Liquid)

SOHDMATIO DRAWEENG OF A SMALL SBGTIOI\T OF A OURVED SURFAGE

SEPARATING A LIQUID FROM ITS VAPOR



N@g&ﬁaﬁing the yw@&uat of the aifxeren%iala one . mbta&na
| n s:z: m%@;% + (X‘mw’a)ﬁaﬂg &&?s

Hence tha.éﬁrk déna againet ﬁumfa@a tanﬁian &s

| wawk a2 v(n‘wnj a ?(tm%&g)@&ﬁa &r»ilf;‘w‘

The maahﬁnieal wamk dana by tha pressure is. gavan
amaéntially ma

s wnwk = gﬁ(AE@ﬂﬁdx - A& maﬁga;eg &w.’Q°
E&uatiﬁg %hasa %wa work berms y&ai&a

AP m;waeaﬁa dr - v(xa*ra)emeﬂ ar

'ffﬂgfwa*w%) =Y *g'* ‘)

' Whan %he auwvea surfaaa 48 aphariaalg tna ﬁww waﬁil ef
auxvatuma axa idantiaali In th&a @aaa tha ﬁammula
's&mpiif&as %@ ‘ -

vﬂhia aquaﬁion iﬁ made @h@ ha%&a af many hhaarams aﬂ auwfae&

f ﬁenﬁianﬁl Xt sﬁ&ﬁaa that & iiquid umaer a eurﬁ&& aphaxiaa& .

auwfaae of xa&iua L is subjea% %o an axaeas @r aaf&aﬁ% of
prasauma &v/r ﬁynea paw on® aaaerdang aa‘g 16 pasﬁt&va o
‘ﬁagaﬁive; When the eenter of the sphere 11@3 insiﬁe the



%sﬁa'? 1iquid (oonvex 1iquid surface), xm congidered to be
paai&ive, and L as aega%ava whan %ha aenﬁem 11@& @utaid@ .
,%ha iiqmi& (a@maava liquia auria@a), 1

Whan & glags magiliary %uﬁa o airauiav gross
aaak&gn in ﬂi§p@ﬂ inﬁm ! 1&@&1&, th& 11&&1& in ganaral &s
strongly at%ﬁa&t&ﬁ %0 {wﬁts) ﬁhe giasa and %ha 1autd
‘surface aasum@a an a@y@aximaﬁﬁly ‘spherival shay&‘ The
prassuie in the 1&@&1& under: the man&saua is iawaw ﬁman
 thet at the plana surfece of the m&quia autaiﬁe the

S aapillawy ﬁﬁ%@. $1au1d miaew in the eapillary anﬁim %he

.Wﬁaghﬁ aﬁ %hﬁ iiauid @wlumn valanoes the pwassura BiERev~
Qensiﬁwr B ayl&nﬁriaal tnba Whﬁ%@ raﬁ&ua § 3-8 emamlg'

@“‘»zm-ﬁm face of the me ,,,.__,ji';'f";«‘,,awaﬁmm
& aaa%iﬁn af a sphex@ wi%h yad&uﬁ.k, | wham; sin&a

Q§$‘3-#~gfﬁg}_ﬁﬁ @ (2y 008 3)/?, 1, the @&pi&lm&y r&a& 18

SRV m:cmm 2
o cm:cmm RISH oF A 1IQUID ex:mxe
o WETS THR VALLS OF A TUBE .



T 10
Boend 4f p and py evo the densities of the liquid and the
suwmaunﬂihg fiuid raapeaﬁivwlv, the weight of th& oy1Ane
driaal 11@&1& column is ﬂr*gh{a » Bols or ‘the f@&@@ par
unit avea b&&anaing the prasaura aifiaxanaa is gﬁ(p - @Q}g

whaxefer$

958 o ga(p « pods ¥ = (1/2)gh(p = pa)s/o0s 6.

$ﬂ~ﬁaﬁy sases the conact angle is yr&@%ﬁ&amﬁy'ﬂ@waﬁ aﬁ&-&ﬁ*
‘%ha sux&manﬂ&ng £luid &s & vapory Lbs aénaiﬁyﬁ pﬁg is n@gw

1&@1%1& aamyara& to po Qhesa apymnx&matianﬂ x@aﬁ h¢ the
tweqnen%iy uaa& formula v = (i/ﬁ?ﬂéhwm C??) |

whareaa aanaity and suﬂfaaa ﬁéna&am ave pxapawﬁiaa ¢£ B
ﬁuvi& w%&eh can be measured under static aa&&it&an$¢
v&m&ma&ty 1& & property which is exhibited &mly ﬁnaar
aymamia aﬁndi%ianag In othey Wﬁrﬁﬁg B fluid mum# ba 1n

maﬁ&mn ﬁnr the grayer%y af/Vﬁaeésity to ba ﬁbﬁ&#ﬁﬁ&;

o Viaaeaiﬁy is traceable Yo the a@mua%uxe of 8 fluia*

In the 1i@uia ﬁtﬁ%ﬁ; the mm&aeuiaa Bre gaakaﬁ w&asaiy :

hageth&r, and Vﬁﬁﬁﬁﬁ&ty 1a ayparenﬁly due ﬁﬁ %ha aahﬁaiva~”””“”ﬁ””"
"'nﬂsﬂ of tha m@lﬁaulas. Henvey an the %em@awaﬁﬁra &n* |
areaaaa, ‘the a@hﬁaian agﬁraasea ama the v&aaaﬁiﬁy

aaaxaasas‘ In ﬁha gaseaus gbatey an the athex hana, the



»maaamulas ara sgaaea vwxy far apax%, aaa viaaaaity is duﬁ
Jta tha mmb&lity af the malqaulea whiah 1&&&& to in%erm@iaaa
ul&w ana&umtewa* Aa th@ t@mpawa%ur@ af ﬁhﬁ gas iﬁ :
|  &&¢?¢&3&@, ﬁha mabilmty inareawaa; an& %ua vmgmaaity &136
| imaraaaas. Whe vamiatiam'af viaaeﬁiﬁy with th@ ﬁemparaﬁura
Hza af grea£ 1m§artanaa* Un&am ardaﬁary mandi%imn% Qf ;
 ,‘L ﬂ”‘ ‘v&aoasity haa‘ba@n found to vary enly with th&
 ;tampawa%ura§ boing viwvualiy 1nﬁ@gand@hﬁ af p?@ﬂ%ﬂ&ﬁq
| v1saasity in 1&qu&és iﬁ ﬂnly %e L V3wy ﬁm&il exﬁamﬁ
ﬁh@bm‘fnlt‘ef ﬁh@ tranafar af mammm%um by thﬁ malaaulaa B
rﬂthﬁ__>1VEsg th@uah thia i the priueiyal maahaniam &ﬁ |
7~gaaaa*{ xnsﬁaa&; liqaid v&aassity ia ﬁua mainly ta L
| ?”,f;iem ef ﬁhe 11quid &@ﬁucﬁura by %ha ﬂlawﬁ whieh

-pmﬁdueaw a draggtng aaﬁian betwaen a&jaaant mayara maving
,with &iffarant velaaikiaﬁi an.&eaeuuk af %he &ntewmmlaeular
| ‘feraas~ | | | | o

o ___f(ﬁt) a&aﬁmaa %hat thﬁ f@rﬁe af fwiatian :
.kﬁbéﬁWﬁﬁn naigh&aring ﬁuﬁf&aas af & 1&qui& 16 {&) inaéw
penﬁant of %ha praaaura; (b) pm@pﬂmtiﬁnal uc %h@ areay and
| (e) prapatt&em&l ﬁe ﬁhe ralativa v&laaityﬁA mha fr&atienal
_rzfarua, f, rma&a%&ng the rala%iva mat&en ef any %wn aﬁ;aaamt

i3

- ',11&y@?5 iﬁ o ff]”f'vf'A ff'i”f f”'”ff"f};if[ff ffW'f T

,whéxa.§_$a.$hﬁv@ﬁaa«ana'av/dx is the veloolty gredient,



A
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ﬁh&ﬁ?ﬁﬁ#ﬁéﬁtﬁ&*ﬁ_iaw‘ﬁﬁ”viéééuﬁ‘fléw% The yragaw%ianamity
_wﬁéé&aﬁ*ﬁ; o is called the viseosityi (The term
| 'ﬂawmmm of viamasity’* was gald w mr& mmx % be
“iiiogiaal” ana “v&eieuag” and “a mystexy of aivaumw =
1@¢uﬁimn;”(38}) | B
‘_’ An eapegially impawﬁanﬁ 0880 af viaaama flmw is
 ﬁaat @f %ha flaw within 8 pipe o %ube* aanaiaaw an
inammprasaible find flawing in & tube of airau&aw ar@aa
aaaﬁion w&%n raazua 3 and. léagﬁh‘&; The flu&é at %h@

;ﬁ assumed to b@,atagnaat; and ﬁhavwaﬁa-ei flow
~ inoresses to & maximum st the temter of the tube, If y
~ 4® the linesy veloeity at any distence ¥ from the axis of

the tube, & oylinder of vadius g sxperiences e viscous

drag glven by —

g wrﬁm*ﬂm‘l i

wbr a%eady flaw, th&a fores musﬁ ba ax&atiy balan@aa hy
th& t@ﬁﬁe dr&v&ag the &yi&aﬁer thxaugh the. %uha, aw

f w ‘ﬂ‘x"atﬂ?

where AP && the a&ﬁfarenea beﬁwﬁan ﬁhe farwaxﬁ pre&sura
"~anﬁ the bamkwarﬁ praﬁanxa,i Thus for aﬁeaﬁy £iaw |




AV = »

The ¢onstent of antegraﬁien gan be &aﬁewm&nﬁa by appmyxna
the beunaaxy aamﬂitiena: v o= Q whan ¥ a R, Whe xeault is

 The total volume of fiuld flowing through the tube
pey 3aéana~ia caloulated ovey each aiamgnﬁ oL orosse
sectional ares glven by 2wy dr, i A

R o
%% = ,\_j/ By Af o wrmie,

This aa ﬁaiaau&lle*a i&w, whi¢h Purnlshes & very n&ma way
to &a%armine the viawaaity @f Liguids,

 RATH OF CAPILLARY RISE

Countderable thearaﬁiaai’wmrk has beaﬁ done on the

prablam aﬁ the rate of rige ¢f liguids in a&pallawy tubaﬁ* | o

T1# 8 vertioal capiliary is touched %o the surf&ce of &
lﬁquld whi&h wots the material of the eapillary, the liquid
1s drewn into 1% by ibs aurface tension, ?hﬁ initial rate
of rise is very rayid; and the velooity of flow will be



gavarned by the 1ews of byéraultaaﬂ_

| @he initlal valoéiﬁy Boon dagraasas b@eause of %ha
rraaiatgnaa aneaun%araﬁ, and the vala%&ty becomes such that
thé conditions of flow postulated in Polseuille’s law osn
be assumed valid and:tﬁgﬁ”@haae«aéﬁaiﬁ&mms thereafter
pera&at, | ,  ‘ |

_ The éia%&nea; gg, %hat tha m$nis@u$ ganaﬁm&ﬁas |

bafawe ﬁh@ ea%abliahmenﬁ of the Polseuille’s law ‘dondition
L8 givan by washburn (&1) 88 -

Por any glven viaaééiﬁy this cen be'ﬁa&&‘&aﬁiéhingiy
' amall hy ahaoﬂing & aapiiia&y af aurfieiantly smal L baw$¢

Liganaa and. Earmaﬁain (“E)g asauming that the
wetting proeeaa is vary rapid and that Paiseuilla*s Loy

7:&% vallgﬁf@r the entire flmw tiue, glve a8 the dLffezential

‘equa%ian of. motion

W{th + ool = m“ﬁ

g,ﬁ?[ﬁh - ﬂa(l “H)] - ﬂRﬁgh(p - 9&) # %}ﬂﬁg \a%

, WMN h iﬂ "eha h@i@h‘b c:f’ th@ :Liq,um agtmmxs. a'&: mgm ;ﬁ, @ end-

Q_axe tha radius an& 1angﬁh of tha Q&pill&ﬁygsﬁ &nd,ﬂg %ha
msaeaity mf %ha 11quié and a&r waapeetavalyy _
';' @he term on th@ 1afﬁ ia the %&me rate of ehanga af |
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mamenﬁum of the contents of the capillarys %he'terms on the
right are, respeatively, the forees due to aurfaa& tension,
.viaeeus resisﬁanee, gravity, and tha “ena drag effaat” of
Erittin (6).k :

This equation eannet be aelved explieitly‘ However,
sgvaxalﬂsimplifying.asﬁumptiena can be made, If the radius
is smali, the momentum term'and the end drag_tamm_ba@am$"
nagligium@ in comparison with the othars. ‘The density

of tha air may be negl@aﬁea in campariaan with that of th@ ’
liquia, and the viscos

ffef the air is negligibla sompared
with tha@,of the 1iquiﬁ, Further, 1t may be . assumaa that |
nhw:%“ngl; Foxr 1&qu1ds whiah wet the ocapillary aurface,
the simplified equation has the form

awnv : By %% #h o+ wR¥pgh

Tha integrated fmrm @f thiﬁ equatian ms given by
'Washburn (41) and bigenza and Bernst@&n (23) as. .

4= ﬁgﬂm an 1n(hw -

' in which he = 2y/Rpg and is the final equilibrﬁum haight
- attained by the m@nisaua« '

From this thefvis¢osity i@ abt@in&é Eyltha wala&ian



6

{m(mj* a] iy z:sh/hmgﬁ |

Ligeuza and Barnateim examinaé tha validi%y of thase T

B &quat&ans exparimantalzy uﬁing very. flna bore napiliariaa )
. and liquids af low v&scasity, @hey repamﬁad an averag&
‘aeviation in the t&m@ raquirad 4o reaah a given haight 0
"be lass ﬁh&n &i% exaept toward th@ end of tha aseamﬁ wh@re
deviations roae te ahout mz%‘ o |
| Laviﬁt (aa) definea & halfwtima mf rise as tha tima
‘raquirad fer a 1&quid ﬁa rise ‘to e aistanca hm/g &n the
aapillary.‘ mhis ha1£~time, tg/g, is g&van by the. aquaﬁian :

w4 vf‘.’,ﬁg (3-21 2 5) ﬁﬁ!}a ‘0“‘93)* :‘ :

The viseoaity then 13

mhs axperimantal praaa&ure fer the determinatiam of
vismasity by this ralatianship was to datarmlna Qﬁ faw a
given eapillary and 1iquid, mark off tha diat&nae kml& and
aecur&tely to datarmine the time raquired far tha 1iquiﬁ
‘ta wiaa to thia mark, ;j;;' R e A
This method af viaaeﬁiﬁy determlnatien has- tha
| disaavantage that an axperimenﬁ nust be yerfarmed %6

deﬁarmina,the parameter §&>before ‘the measurement of the



7

;viaeasity oen: he maaa~ mimae %h@ aleaning &md arying af '

.thﬁ*aapiliawy i% a time amnauming ana n@% aawayﬁim’preﬁ'

“ $;9§@r&ti@ng W% @rag@sa %ha fallawing ma%h_& ﬂf
_vﬂa@aﬁity deﬁ@&m&ﬂaﬁienﬁ o | Lo
Th@ rise oﬁ the: liqulé 1n ﬁh@ aapill&ry aan be'

xmli@wa& w&%h 8 @aﬁhe%wm@ﬁew*‘ The height a£ the meni&aua |
 ‘aan ha xeaawﬂea as & fune%ian af %ha %ima* xf @ pl@% uf
the ﬂun@tiwn fanft /it »:4)7 » ¢} sgainet the tima of rise
.ia made, & straight 11na $hau&d remul%, wiﬁh a alape equal

e Ry g/&ﬂhwﬁ From this slﬁpa one ¢an %hen ﬁatemm&na tha :
\ffviﬁaasityq Wh&s me%hea weul& have tha aﬂvantage af |
. permmtting tha det@xminati@n af v&aaaait&es ef very small
5-‘am¢uata of 11quad in a aingle @ﬁparim&nﬁ ana w&uld minimize N

' 1tnéHdev¥a%¢9ns»ebaarved~hy~bigen$a~an&~ﬁarﬁ‘teinn ._ °




~——*‘-**—i$qu1d—waa“f@ruaaTEEWﬁ“umdar“EXt~ﬁt‘@r§ﬁEﬂfsffﬁﬁ“%ﬁﬁ ’

"Qﬁﬁ?wﬂﬁfmm{;; :

%X?ERIMENT&% ?Rﬂﬂﬁﬁﬁﬂﬁﬁ Aﬁﬁ R&bﬁbﬂs

wha ganexal mathaa a&@a 13 ﬂhis prajeat wae as

v fall@ﬂ%; A aareﬁully mlaanad an& dmiﬁd aapiliary wag o
' ﬁauehed to. the amxfaaa of - the liaai& wheae aapiliary
'-bahaviox Was %@1@@ 1uveatig&tad,~ %h5 r&$a Qf;ths.manxﬁaua

in th@~aapi11ary‘was followed with~the'ai& af'a~éa®he%bw
"me%aw anﬁ & atopwatoh, The height of %ha msnﬁaaus was

'waaexaaa as 8 funetian of th& tine of risa¢ Wh&n tha ra%e
fJ_of risa baeame exﬁr@maly a&aw, %he 1&@&&& was dwawn up into
,. 5 th@ aaplllaxy un&er alight snaﬁiﬁn, ana the men&ﬁ@us
. allowad to aesﬁena to iﬁs aquilibwﬁum peaitien; mnan the

meniﬁaus allawed to rise to its aquiiﬁbxium poaih&on*
| »mhaaa twa pesitiena sheul& be very naawly tha wama 1£ the

| anpillary xa %hwreughiy qlaamea* The averaga aquil&bxium

| p@ﬁ&%ien wa@ uaad as the valua af hw; . e

;4' Prem the tabuiatad rata of mis@ éata, and %ha values
of hm 3; ana g, 113 in pwsa.ma to détermina the aux*mw

‘ tenaion and %ha v1a¢@&1ty af the 1iquiﬂ, By de%erminzag ﬂ
’~rtham$ value& at a aer&ea of tempara@ure&, 1% waa p&ﬁﬁiblﬁ e
Yo ob%ain sam@ 1n£mrmaﬁmon on the tampexature dapen@@n&a of
'hhsse quantitiea*vr, ‘ ' | '



19

I, APPARATUS irgszsm

The maaar piaaaa of appara%us nseﬁ 1n %h&a prajaet

‘_Wara tha £@l1ewing= | cathﬁtametar manufaahurad by the

- Ga@rtner Scientific Gorparatian, aarial mumbsr 1925A;

| air&ulating typw aonatant»temperatura bath manufaetured by
‘Lab~&ineg Qatalag number 3052, seriai number iaékg and 8

| atepwatchﬁ g | o '.

o The aapillaries used were of flin% glass and ware

A .S mm in neminal dlameter, aitnaugh tha ranga was g&Ven
_aa 6.25 mm«0.75 mm,.l

II -‘x»mms' vsE -

Three 1iqu1da were stuaiad, rapresanting a wide

"range of vﬁaeas&ties, ‘These i&qnida weret monalene (Hw[&#
\f'ln:, N, e
.tatrakis ta»hyawaxypropyli athylenadiamina), bﬁﬁh su@pllad
 by Wyandatﬁa Gham&aal ﬁexyoratian, ana glyearml* Eastman
‘Kodgkznumber_ﬁﬁgg Wheal1Quids wara éiseil&ed befare.us&;

“ hydr°xyﬁ”@931] ethylenad&amina> and quaaralﬂ”f

Monolene, M@nalana Was dzsﬁillaﬁ under aﬁmaapheria
prasauxa in an ordivary dlstillation appar&tus* The B

rbaiiiﬁg~poinﬁ~wange wag- ﬂ32wa35¢9. &ftax distillatian """ R

ﬁha.ltiiaa:wéra'stéreaiiﬁfglaéa#atmpperad Plasks in 4
desicoator over concentrated sulfurle acid gntil nsed,



- Quadrol was &ia%&lla& £1rat undex vaeuum

ef a w&taw aapiwatara The first maﬁar&&i ﬁe d&ﬁm&ll was
smaghxly yeliaw, ‘When the temperatuie raaahaa;‘

f.matawial>beim$,ﬁma&alma@:was‘aalax&aaag he vaeuum waﬁ

b&@%ﬁgﬁﬁd»Qhange'reéﬁivews#‘”ﬁhaﬁ'thaﬁdigtiglaﬁ&an.waa~ﬂ;

‘vesumed, the £irst mma:;, to distill was sgain alightly
aisﬁ&ibted‘ mhe aiatillatiaa vas tontinued until maat

of %he quaﬁral nad disﬁ&l&ea. The beiling §Qint r&ﬁg$.Wa§
a?@*ﬁ?ﬁ“ﬁ* B SR
mhe ap@aratus was then raawranga& 0. maka it paaaiblﬁ

- %o ghanga r@aaivere wi%houﬁ bweaking the vaauum* %ha
' quadral wag raﬁiaﬁi&lea, %h&a time using a v&euwm ‘pumpy
.«Thm beiling pamnﬁ ranga of the aalleat&d matarial was

,213‘215“@,‘ Whﬁ matarial was not eolamea.

. vJ_.[:- The glyeexal waS d&atillaa firsﬁ un&ax
&tmasphar&a prﬁssura., The . ba&iing @aiut ranga was aga«
893‘9* 1% waa then raﬁiaﬁi&ieﬁ us&ng %ha va¢uum ﬂiﬁ%&lﬂ
1atian,appamaﬁua with the vaguum pump mhe beiling p@&nt

ranga of ﬁh@ aalleatad maﬁerial was 150#155”6,ﬂ B
e in The 11%&&&& were furthar pharags

.tawizad by %aklng the wafr&ative 1naex of aaah at 8 ﬁar&aémﬁwfrmww;,

of temnaraturéa, The mefraative imdieas are %abulataﬁ
1n %abla I; yag& 22*. '




L 'ahaoke& agaim&% any mthar standardyv '

at
"- f anN1ﬁi$a,' The Liquidm wsrﬁ aLaa ahaﬂaatsrizaé
by aatarmining bhair ﬂ&nai%iea* wha densiﬁiaa wawa
aeﬁarminga by th@ pyanametar methaé. wna pyanam@térs

| wama ﬁleanea with ela&ning smluﬁiau. failﬂwed by a rinaa
- wiﬁh phasphm%ia aeld, a&ﬁ bhan by rineing in diat&lled
watare @hay Ware ﬁriaﬁ by'plamzng ﬁham in an avaauatea
aaa&aaatam un@&l aeﬁaﬁanﬁ wﬁight . oh%&in@é, Thé
pyanﬁm??@r wga,@alibxatad at sach tamgar&ture at*whiah »
&%ﬁéit&éa*wa&@~éb%&iﬂe&» ‘The dats for the danﬁi%&@& of
ﬁhﬁ iiqwi&s are. tabala%aﬁ 1n ?&bla 1Ty page gz, ,

| | @ha ﬁalanea wsiahﬁa wam@ ‘checlked againaﬁ eaah
aﬁhaw by the Kehirauah m@ﬁhoa@ 4y wba weighﬁs wara nat

"'a;‘xxx;  ﬁnﬁawxm@:wﬁm agvxxnﬁax mugmg;,;_;

Fuw wapraauaibla resu&ta in tha mma&uram@ut af tha

raﬁa wf risa of 1iquids in capillariaa, thﬁ aap&llawy
ﬁurfaaa muat be aaruyalamsly ei&an, Sav@wai maﬁhada wara
%rxeaﬂv» | ', S
mh@ alaaniag praaedur& finally a&ap%aﬁ Was tha%
.given vy 3avia ana Rideal (11) as the mathaé oy ‘be used
:fer elaaning glamﬁ ﬂurxae&s f@r menmlaya& ﬁﬁudmea* In
this methoﬁ, th@ gl&sa aarfaaa 40 ba emeanﬁa &s aaakaa i&
warm ahxbmia aaia alaan&ng saluticn until ﬁh@ aalu%ian
&rains unixarmly‘ whe aurfaaa ia than saakaé in ayxupy y



TAB&E m

REFR&@@IVE IHDEX QF LIQUI?% :

? :'f' Qempggg#uxa | M@nwleue | Glyaaxal Quadmal

Index: - . Index . xﬁaex =

R0 476?'ﬂ;.~1§4730“*:;=
oes %w47&ﬁ',.,“11, 3

B -1 4684 B B ¢
80 - kﬁ#?- i i

P T AN

TABLE 11
ﬁENSITIES op anust

mamparatura | Mgnaiéae Glya@rel | Quadral
bo ~ﬁ§,;,m1) olen/ml) o(gm/ml)

g0 ;993 1,267 U Y.042

30 0,082 1.256 01,

35 Oq976 .:§$250‘1,.*‘~
o 1




phﬁﬁéb@ﬁiéxaaiéfﬁav&@mavéiany:maha@iﬁg ehrouivm Lons, This
isfﬁwliéwaa by thorough weshing in distilled Wata?vﬁm remove
'thﬁ phaayhowia ‘aold, Tha @agimiar&eaZWéwé'fin&i&&-ﬂ?&é& by
passing a strean of dry gas (hy&ragen) through %ha tube

for ton minntes,

| Sevaral athex methods of e&a&n&ng ﬁhﬂ @apillary
.ﬁurﬂaaea were tried, Tigenze end Bamnaﬁﬁxn (23).map§¥taa
uagngai;i nitrie acld and water, R@yra&uﬁiﬁiﬁ resulis were
n@%;aﬁgainéarwh@n this was used, Since the p?aja@t‘was
&taxﬁa&‘1m~%ha5summaw:when “Stookbon peat duéﬁ”,aﬁpumdag
it’mayvhafﬁﬁa%'§$a%'&usﬁ got into the aapiilawiaa'&nﬂ'tha% :
the nitxia acld 444 not oxidize this in the. tima ﬁhat 1% -
was in mantm@%,;,

&aviﬁ@ tzay‘ﬁféi“iiaaﬁxﬁg‘sGtﬁ%zan fﬁiiﬁﬂﬁﬁ“ﬁﬁ“ﬁ&%&ri;4“—*—“

Whan %his maﬁhaa wag' tried the rising ana falling finsl
yaa&%&aﬂa aﬂ th@ men;saua dié not agree, Xt was metiaaa

on aevaral aeaaai@ma ﬁnat, in aatarmining the quilibriun
pas&t&am* the m@niaaus waa&d arap to a m&m&mum an& then,

' avswnightg wou&d rise ai&ghmly, This ahang& in surface
t@naien m&y have heen due to diffusion of a&hexang ﬁhwamium »
dons 1nto the 1iquid, This same effect could also ba , ,
'~ax@&ainedwbyﬂaﬁauming~£h&t~#ha—malaaulea~afaﬁhawliquid;nﬁagmm;
the ea@illary wali awiant thamsa:vaa'and thuﬂ-aaﬁaa an
apparant deaxaaﬁa in aagil&ary ﬁiﬁm@ﬁar* @h&s has boen
abaarvaﬁ in aﬁh@r pol&r Aiquids. (18)
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IV ﬁﬂ@&l%ﬁﬁrﬁﬂﬁﬁﬂbﬁﬁﬂ ' .

L

‘ @h@ &aﬁaiied praeaﬁnra far abta&uing data am the

wa%e af x&aa af 1&quia$ &n aa@illamy tubam 1a éas@xihad

:balew. : ‘ .
| A thrae &nah bagt tuba was: ameanad by tha preaedura
g&vem by Davia ana R&éaai (11); Abaut ane m&l&iliﬁ&r QI
ﬁhe 1i@ui& ﬁa ba stu&ied was piaaaé R %ha alean &my ﬁaaﬁ
tuha. @hia taat ﬁube* with the liguid, was gla@ea i1 8 '
xiebig aanﬁamsar whioh was supported vart&&ally aﬁé
attaaheé to tha ﬁiraulat&ng congtant %emgeratura bath¢

"Tha,mipfef the'&aat‘tuba Just £1% the n@akﬂgﬁatge ﬁﬁnﬁﬁﬂﬁ&r~ e

66 as not to fall through, The condenser was supported
 in & vertiosl positlon by means of two adjustidie ¢lamps.

WM$7eapimiawy'ﬁﬁﬁé‘ﬁES‘hwt&~tﬁ*a—hureﬁ—ﬁiamp%a%ﬁ%%4%he
aanaaaser; ana the aoméanser*a gésitian was aaauatad L)
that th& @&pill&ry waulﬁ be centered in the test ﬁube¢

The var%ieal p@mitlan of the eondenser was auah that the
1evei of the liquﬁd n ﬁhe test tube was at & @a&v&emiant
height for ebﬁxving ﬁha r&ae of the liguid 1& the. aayillary
threugh the talesaaya of the cathetometer, Ta make %ha
aaiaﬁléﬁiana sasier the position was made to be some even
vmnmber of a@nﬁimatars; 8. g., 40,000 -om on tha eath&ﬁam@ter
_aaaia._ | “ |
. ﬁ table for data was auﬁlin&ﬂ with & aalumm of %ite
intexvala of ten waaan&a for the early rise pariuﬁ”



”Wégwwmwwmm_

The ¢lean dwy @apilzaxy Wag plaae& in the buwet
elamp 80 th&t %ha 1awar an& of @ha eapillawy was 3uat
abave tha aurf&ﬁé @f ﬁne 1iquid,~ Th@ atapwatah was humg
on tha eathe%ame&am #o that the tine eaulﬁ ba watahﬁﬂ with
one’ aya; while the Level of the maﬁi&aus Was wateh@a
ﬁh&éugh the teleaeap@ w&%h th@ oﬁhar ay@g '

wnila abaawving ﬁhxomgh the- taiaaaepe of %ha
‘a&%hatemaﬁ@w, %h@ aagmllary waa insarted %nta %he iiquid, .
ana tha atepw&bah gtarted . aimulﬁanaausly, mh& 1@va1 of
' %hﬁ 1ewer emé of the. dyy aapillary wan aajuaﬁea ta ax&atly
,uaa.ao@ omay Leesy Bhe depth af immersion: was'eaaentiaiiy
ﬁera, 50 that there WBE 1Y hyawaatatiﬂ nead of pwaaaarai

mhe paaitisﬁ of the menisaua s raaorﬁa& a% saoh .

tan»aaaanﬁ Antervaly Pé?ﬁaps tThis was the maat aifiiﬁuE@ '
-taﬁhniqua t@ maater,' Ta gat ‘the cethetometer f&ausad on
th@ mmving menisaua wnilﬁ watohing the %1ma, anﬁ abﬁaﬁu&ng =
utha,raaa&ng-af‘tha cathetoneter's vawniﬁg agala ﬁ@ an
@aéﬁw&é& afr6g6@§‘¢m;;ana»wéamkﬁingfﬁh&s-haighﬁ?ﬁé'%h& :
'.maﬁ@éﬁﬁs;allvin-ﬁhe'taﬁﬂméaand time iﬁté&ﬁal'ﬁQQuiwé&'
mioh praotice, As the rate of rise of the 1iquid in the
raapillary)baaama slawar; raadinga ware abﬁa&n@é aﬁ 1&ngar
'time AntarVa1$§ ' ,

Whem ﬁhe rate of rise became vary ﬁlew, a sligh%
vauuum was aypiiad t0 the contents of ﬁhﬁ eapillary,
Q&asing the menlsous to rise sbove 1ts inal equilibrimm



ﬂmééwwwmmw

p@sitien, The vaauum was thmn waleawe& anﬁ ﬁhe meniseua
"aaaeande& t@ ita gqailibrium pea&tie&. wn&a paa&tlan wae
raaarﬁaﬂg A alight yraasur& waa thaﬁ aypiieé ta ﬁha
‘liquia xn the aapillary %a fmraa the meniaaua balaw 1ts
final equilibrinm ymsit&&n, Th&a pr&aanra was %hen relaaaaa
ana ﬁh& meniaau& raae in th@ eayillaxy ﬁe 1%& aquilibrium
}‘pasiﬁiana' If %he aapillary waa tﬁowaughly alaan, the
daseen&ing and aaaé&dimg aqui&ibrium pa&itianﬁ wara :
' pwaeﬁiaaily i&antie&l.5'mhe avarags af th@ twa pa&itiaua
*waa raaardad as ﬁha xinal haight atta&nm& by tha &eniaeusn

V. OREATMENT OF -:ma

Fwam the reaardaﬁ daﬁa it was paasihia %a ﬁbtain o

w ;i-,,,u_n“ané tha ?i@ﬁé@ity -

i kffx*aﬂa $ agion, From the final. ‘hedght at%a&ne&:v‘
by tha m@nisaué; th@ murfa@a tengion of eaah 1iquiﬁ e
_aa&eu&aﬁaé-ﬁr@m ‘the relationship v = (%/@}pghw34 Tha
yaurfaaa tanaians a% varieus tamparaturas are’ aummariaaé-,

'&n wabx@ XXla gage a % ?he aurfaae tenaian a 3 lia@aﬁ
'.funa%imn of the tampewaﬁura avew #he. wange sﬁnﬁiaa* Tﬁ@
 ftam§emature Qeeffaeiaﬁt ef ﬁhe aurf&aa t@nﬁ&an is »m 940
”” ff£mw manaiena, wagoﬁc t@r gly@ewine, and *91636 rur
;qua&rei‘A, ' ’ |



The h&ighﬁg4&; attained by the menisous
at tims t far the 1iquids studied is %abu&ated in Tables
}xx«xxxx, yagas #9*51. In order to mak% & lineax_iunuﬁian
from which to caloulate thewvisaagiﬁyﬁ‘ﬁhenvalueéféfgg_
and hs were used in the ﬁuna%ion'flﬁ{%/(i - &»}*w 4] in
whioh ¢ = h/le, The velue of this funotion m time !
is given in Pables XxV»XVI, pages. 52«54,

ﬂear room temperature, the plot of thia funahian of

%ha hﬁigh% agalnsh %ha time @f rise is 1iaear, ané; from
tha aleyﬁ, 1y ‘the v&&aeﬂmﬁy cap be waleulated Lrom. the
- yelationship

metion ‘
of the helght againﬁt the time of riae 4w linsaw‘&uring tha

“KY Bigher tenperature ¥he plot of this fi

| oarly vise time when the ascent is fairly mapid, Prom

' ﬁhe 1in@aw pcrﬁion af tha ploty tha‘vzaeaﬁity is calonlated
by the above rélatinnship* Because of & ﬁem@araﬁure
‘gra@ient within the apparatua, when the rata of rise 316Wﬁ,
tha upyar parﬁien of hha 14quid cools ané thara 15 E:% sy&ﬁemu
atma éeviaﬁiam from tha atr&igﬁt 1line, To amrraat for
~this d&viatian, the valuaa of h fyom the ralatienahip
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ware taken a8 the @arreetad peints whleh take 1nto aeeount

tha V&riatlan in aumfaae ﬁ&ns&an, density, and Viﬂ@ﬁ%ity

whieh ariaa beaause af the temgarature gradient, These-

»11near plota are ﬁhown in Figures 1*3, pagas 55~57..

_ The ealaulatea viseositiea of the 1iquias at

.varieus tampsratures are summerized in Table Iv, paga 29.
A well knewn raiationship be%wean %emperatura and

viseaa&ty is ngan by ths Andrade (3) equations

R4 1/3 AeQ/VT
wheére y is the speaific voluma;'ana 4and o are aqns§aﬁﬁ9s

~ 4-6, pages 58-60, On these plots are also shown the

viseosities ot twa»temparatuxes obtalned by & ﬁﬁéakf&eld
viseameter, 1t can be aeen that the Andrade ralatianahip
s aasantialﬁy 11near ovey th& ranga of tampar&turea
atudi&q,
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‘GHAPTER III
ﬁisawsaxém oF Rmavnms'

{;« The liqu&d state shows a transition eandit&@n betwaan
'_gases and solids, That it is. more alosely relatad ta the
aolid than 0 tha gasaous st&te appears from several 1ines
of evidenae‘ In thia ahaptar a madel of the liquid aﬁata
d@valepad in thia 1abaratary is aypliad ta tha visaaus
org&nio 11quids studied, o '

‘~'$; suﬁv&aﬁ'mﬁmﬁxcﬁ'

Th@ surface tensian of all 1iqu1ds deereasee with an

Inorease in tempeyature, The ‘deorease 1s nearly linear with

riaa-ﬁf,temperaturea.tnus, to a falr appréximaticn
g o= vell = kb,

aﬁd-haﬁlace'shmwed'thaﬁ'the“aneffieient k ie approximately
equal te the rate af ﬁaereasg af the d@nsity of ﬁhe Jiquid
wlth rise of tamperatur& (38), o

ﬁt = 90(1 " k'ﬁ)r

':Thaae ral&tienskips hold for the liquida studted uaiug “the
. values for the reapeetive yarametars aa given 1n Tablﬁ Vv,
paga 31, » |

' M&claad {24) foumﬁ empirieally that the’ relatiamshig



o

Eg/wffﬁiya pg) = ?1/A7§1 m»@éﬁéﬁaﬁt =0

hél&a fer meny ﬁrgaﬁiﬁ 1iqumés nﬂariy up %o the am&t&aa&
temparatura, Bugden (39) mulﬁiplied beth a&d&s af*this
aqmatian vy the maleaular wa&ghta My ond eallad the
aan&%&nﬁ; My %halparaahnr,vaﬁ Thig 18 pr&ma&&ly an
"&&diﬁiﬁa property, the p@xaahﬂr of 8 aam@auné being the sum
ai-ﬁhé'aﬁémia paraahersﬁ with gamé"aa&i@i@nai %arms~whaxe~
,aer%ain atwua@aras such 85 double and triple ban&a and
ayali& sbructures are present, The aﬁ&it&v&ty of paxachara:
is. ﬁhna aquivalenﬁ to that of atamia vvlumas maaaurad unaaxj,
unit auwfa&e tana&ang which is regardad ag approxinately the
game ag under aaual Anternal pmesaures, Fa& mﬁsﬁf'~
7__)ﬂ%##_g£ﬂ@§ﬁﬂﬁiﬁtﬂﬂ liguxd$~%hﬁ~p&wﬁﬁhﬁm‘ts‘ﬁﬁbjﬁﬁ%
- minor ﬁempax&bur& cosfficlent (29),

o only &

| . TABLE Vv
PARAMDIERS FOR GALOULATING SURPAGE YENSIONS
AND DENSITLES AT ANY TEMPERATURE

o

Li@aié

b

ynas/ém gmfﬁl"

. Glyeewol  65:8  1.292 9,97
mﬁam 326 1i066 10,8

M@n@l@h@ CoAB 1012 9;23W;  ,”nw¥~ﬂ»~—4WWMww=ff



3a
4 xn ardem ‘to obtaln a oheck on tha maawureé gurface

tamsiana, th@ paraahmws were abﬁa&naﬁ fram ﬂhe axyawimantai e
auwfaéa tenslon data and ¢am@awed with the aaléumatad
p&:tmahmm, umng the mam constants glven by Quayle (32:)* -
~ The axp_ammmtal and mlw&ataa parachors are summz'ﬂ.m in-
’",@a@ma_vxyj The inorease in the paraaﬁﬁr w&ﬁh;éﬁ:aa&ﬁaaaa in
%ampéﬁaiuxa 1$~a'ghaxauﬁsxiﬁ£&@'@£ aas@e&&kaﬁjiiaﬁiﬁﬁn

TABLR VI
EXPERIMENTAL AND CALCULATED VALUES
em mawmm or *t.xcwm

Tampegmﬁura Ma mlama @&ye&rﬁl QﬁVZ?éi: e
maia | ml/male  ml/mole

207 W
2 308 | ggg 673
89 | 682
65 | | 688

Celowlated w2 1% 618

25 gng mé — 661

- The moldér refractlon, By is defined as =

where a 15 the . refraativa inﬁex, ﬁ ia tc g first appraxw
_ imatian 1na$penﬁant af tempaxatura or physimal sﬂata, and
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&ﬁvpf@?iﬁea”anﬁap@woaiméta-m@&sﬁrawaﬁ*tne;aaﬁﬁai.ﬁaﬁal L

vuxumé;(aiﬁhnu%?fré@~spaaa)'@f“%hé‘mamééuiéé“&n*aﬂﬁ“m@ie:

afﬁéﬁ%swéﬁaeg For & very large numbey ot ammpﬁunﬁa

: apprax&mataly aa&itiva for the atoms pr@aem% 4n the'
-malaaulag The molar refradtion can b@ aam%im&d with tha g

'7Ap&ra@hor equatiaﬁ giving

Since R and 2 oan bo caloulated from stomlo constants &
knéwiédga éf ﬁhé'ggff@@@ tanaien w&ilAgivw-th@ réfxaa%iVﬁ
1naax, ané viae varaa (38) &ha abs&wveﬁ malar warraaﬁmana
and thame aalaulataa fram atam&a oansﬁanﬁs fmx tha iiquiaa
studiea axe givan in Table vxfﬁ | |

‘_ TABLE VII
V@Bﬁ%ﬁmﬁn AND GALOULARED VALUES w
. MOLAR REPBAGTIONS OF LIQUIDS

&iqu&d B Qbsarvaﬁ ﬂalaui o
| n ml/ﬁala | ml/ﬁéxa

 Mana1ema T f YT
CGlycerol 20,84 20,57

“Quadrﬁl o T3 8teot



II, VISGOSITY

extansively 1nvestigated, “The visccsity of & 1iqu1d always :
falls with inereasing temperature, and many emplirioal

- formulas representing thls depemdence have been proposed (7).«
| A theory of the 11quid state’ develcped 1n thia

| 1abaratory,~whiqh has led to a new general equation:

(14, 15; 16) deaéribimg the variation of liquid viscosities
with tamparatﬁre ovey the aﬁtire‘mormal’liQuid renge Was
applieﬁfte the 1iqﬁiﬂé studied, This theory cdncérning}the-v
natur@ of a generalized 11quid 18 based on a modified |
-elumterumodel of the liguid ‘state (14), As in many other
theories. it is assumed that the liquid consists of two

’1'aldsaaw of moleeulaa, aotiva and inactive.

| Two lines of evidence lead to the assumption that
”the aotivated moleculea are not arranged in. the 11qu1d
'Hacuording to purely statistioal conslderations, If a
liquid is regarded as a very poorly organizad erystal

in which tha‘aetivated molecules or dislocatibna'are
&tatisfically distiibuted,‘a'quite unsatisfadﬁory»quantiw

tative axplanation of the meltingmpoint phanamena follows,

ﬂinae from suoh a model one would expect that “the discon-

tinu&ty of propertles ebﬁerved at that point wculd
correspond to & qualitative structur&l difference. Further,

ltnisvknown from stuﬁies of crystal;formationvthat strongly



dlscrdaﬁaduma%tinéSVaré'unsﬁabla,-so:%hai there 18 a
-préferéneé for the elaboration af‘pianeferystai~sﬁrfaeéa
thxaugh a1 equilihwium wlth the “activatea" malaeuiaﬁ in
ﬁhe “fluld or mslten state, (IR

xn analogy 0. such an equilibrium, it is agsumed that

the molecules in a liquid become communally aativa%aa in -
leyexs, rather than in&iviéually am a%at&stieally, In
adﬁitian, it im knawn that th& Jiquid ﬁtmuaﬁure can undarge
‘exﬁwaardiﬂarily rapld ahangea in ar&emtatian, thﬁ;i

. aiwcumstanaa is 1ntraduaad into the aalaulatianﬁain-%arms
‘Aaf org&n&zea group$ af malaaulea 10 aativated aﬁd 1naaﬁ1va
layera, 80 ﬁhat the txaﬁa&tian fram one. eategarv ta the
eﬁher aan ‘poour w&thmut grmsg rearrang@menta of the

Vﬁéé B

-;malm&nlea from plaae to plaae, |

'\  In order to express visaoaity'in tezms of thia ‘model
jaf tha 1iquid shate, 1t is oconvienient to express the
,visaoaity as o function of a yarameter & the numhﬁr of
melaﬁuleﬁ an the adge of an aasumea cub&e demaim af ordeyed
inaative melaeuies. mha,paramatarhﬁ.ma dsxiaaa.by the
mlmiansmp SRR | - | .

(. ESAE

in which By is the energy of activation and p is the thi ke
ness,(in"malenniea) of the active layer surrounding the
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oube of inactive molecules, The value of 5 ie unity (within

the limits of axpsrimautai emror), end g s in&apan&anﬁ of
the fl@W procens, The f£low process must neaur ﬁhraugh the
-.medium af Yglide planas”‘aanstitutea by the aotivatedw_ '

. malaaul@ reglons between inactive clusters, ILamella whioh
arise in the 1iquid in aansequsnaa of the flow process must
at the least pasﬂass & thxaknasa the wia%h af ong unit cell
in arﬂe& ta allow the &n&&tive pones te flow pasﬁ one

. angthar,- As a oonsaquence of the amtarlaak&ng effect of
théydiaordazﬁd arrangement, it 4e to be axpaéteé’mhat an

: inareaae in g will leed to an inecrease in v&aaae&%y.;

- In this model, the viseosity can be axpwesﬂea (15)
'in temms ot the dena&ty, independently of the tamperaﬁure as

"W»Vg = Wi/ﬁd + €y

ox inﬂlégafithmie-farm as

log (’ﬂ 4

gw%§3-¢ log w¢§3w

in which v‘/3 is the ocuble root of tha molax veluma, N*/g is
the cuble root of &vogadro’s numbar, 4 is tha avarage |

_moleonlar diamatara ﬁ is the. numbar @f maleaulaa tha% must };Wﬁw
be 1maginaa tw be withdrawm to preéu&e the “zone af |
aisengagamenﬁ” betwesn 1amallag ana g 1a a aharaateriaﬁxa

aanaﬁant. B |



a nam@rical methaa muaﬁ b& uged (18)* ma evayj&té gﬂﬁ gm ﬂi]

.and'glane mﬁk@& use . af axyarimental Valuea af Y and°)t/3

rtwaﬁwamp@raturea 1m the f&rat af %héﬁ& aquaﬁiansw_ Smiv&ng

_ivthase aquaﬁiens aimuaﬂana@usly givea the value far N’/Bﬁ f
o and hﬁnae the valua ef/ﬁ;‘ Making uma ef ﬁh&s vaiue f@r

”mi/ﬁd 1n the @xiginal equatman givea ﬁhe value af Qqa

aatermined fram ﬁha def&n&ng equat&anﬁ Thia %able axtanda

'wne};xaViausiy ﬁubi&sheﬁ (18), Thie axtans&én of  h6;tab1e L

waa naaeaaary for uaa in tna ranga af v&aaaaxtiaa aﬁd

Eaﬁvj

témyeraﬁuraa s@u&ied hera* .

_ TABLE VIIT o
vanvms ow a/ﬁ 3@% FQR VARIQU@ vazums o THE ARGHMENT, E&/RT

Ao W RO TR AR m—mm—\ mwmﬁam-—ﬂmqmwum

| ma/nm c.oo 0.01 e.ez o.os 0.04 e.es o.as o.ov 0408 9;09,,

jeaes s,qsaa s.vsﬁs 5,8361 aﬂas

1_004’7 5-0640 &1239 5.1944; 5;2455 5.3073 &:369'?15.4828 6»49661 o

Am analytieal ealutimn 13 not. pra@tiaal, sa thatsi .



- wha valua of He/RT (m x) is found by trial and eLLOTs
ﬂiwatyeempata m;/ma w8 for the tio %empezaturas far whioh
f ]thﬁ Viﬂ@@ﬁity is knawn; Por. a;/ﬁi3@5 & yalue is fa&nﬁ |
ffrem the tabla, uaiag a trial value af x;, and %he asemeiw

_tab&e te abtaxn a valna of ag/a,ﬁﬁﬁm mhg &&ffav@n@a
hetwaen these valuas shauld y&alé the exper&mantal @uantiﬁy :
~'1eg (n3/n%). ﬁy trial and efror the @axzeaﬁ ehaiaqvi$
_mada. I | }
f_ When the value of a/a 303 48 Rnewn; &t &a intraauaed
*f”inﬁa thé logarithinle form of the' aquatian in ax&er ta '
ﬁetermina q/N1/3af whieh when mulhipliad by~the previoualy
 faﬁna Value of ﬁ1/3é, yial&s the value ef’g, and when

38

“f*“—“‘ﬁ“aKVEa_ﬁ_f“%““he yweviauﬂly aomputed valua eﬁ ¢Q/ﬁif3*
yieias ﬁha value of L. | . | |
wable XX glvea ﬁhe valuaa af the’ aonatantﬁ a, gﬁ,v
,g, and a f@r the 1iqu&aa studied,

v  TABLE IX- o
nxaﬁxn SPATE PARAMBTERS DETERMINZD ?Rcm
’ nmwmzwv 45D 3 vxsaeaxmz n&m& E N

co - a P ';» IC D L N et A
ol Angﬁtrama aax/mmle R Genk&pa&se«&mn
Monolepe  5.796  877.h wa..s; 04006486
ﬁlyaaral %,924 957.0 1666‘ » 6,&4%@

-Quaéml T 754 107@,. 4973 0,04021




T iII. NhWTGKI&N ARE msﬂﬁm&wwemxam LXQUIQ&

B Qhﬁ thamry af flaw af 1iquids whaae bahavi¢r 1n |
”"5ahaaw 18 deaaribable an harma Qf a aingle eenﬁ%&n% visaoaiﬁy
 ¢¢&£f1aianﬁ 1s usually wafarred ta aa mawtamiam fl@w. Tha
'bﬁhaviar of l&qwi&a wn&ah appaar to hava aiffarenh viseaaw
1:&tisa whan ahserved in diffarant %ypaa af ap@araﬁus, ar at
 ¢1££€&&$&&&%&3 af flaw &n ﬁhe sama app&raﬁua, unaer nnifarm

Ttamperatura emnditimna iﬁ daacr&baé as nanwﬁawﬁanian¢
Th@ prasent thamwy eppears %o ofﬁer 8 baa&a for a |
E thear&tiaal ﬂamtiﬂatimn batwaem ﬁewﬁmn&an ana mﬁnwﬁawténian
k7{*£1@w im eapillar&as, I£ the thxaknaas ef a 1am1ﬁa axaaaﬁs
| z'th@ smae of th@ mapiiiary, the flaw p&amasa will be nonm :

39

. Newtonie n,_wm:xm@m&ﬁa&um&: the gapmaw sam
5 will parmit Nawﬁmmiaﬁ flaw,' | \ L |

; wha apprax&m&te 1aminar aima can be @alaula%e& 88
fmllowa (16),' xﬁ 1n traveraimg mna mamima. z maiaaulea are
7@neaantexed, eaah h&vﬁng an average dlamatar a, th@ laminay
thi@knega will be gg when there is no free ﬁpaa& batwaam the
maleaulaa 1n hhe lamzna,, Haw@ver, 1f %he awﬁmal averag&
'diametar af th& m@ieaulea 1n tha 11qﬁid aa a whama 1$ - and

ﬁithdrawn ftam a &amina te proauae tha imaglnaxy “zona af
"aiaeng@gament” batwa@n laminag than the wxath ¢£ aueh 8 zone

| 1s5gg* In hhes@ tawma, thﬂ éisﬁanae fxam %ha bagﬁnning of
'ona &am&na ﬁa th& bagiun&ng af th& naxﬁ must ba : B



:xn taxma af th@ malaw valume, ?, the @vaxail avewaga &nﬁerw‘
'maieaular a&atanaa is glven hy 8 = (V/E)*/gt‘ Eram the |
‘average valuas ef,g An mabma ng paga 38, &t 1a yaasible t@
appxaximate & ﬁiamat&r far a&ah temper&tmreg and ﬁe extrap*
alata ta naaxby tamperaturas; ' » 
Whan ﬁh&a ealeulatimn is parﬁa&m@d using tha aata

available f@r the 1&quidﬂ sﬁuaisﬁ in %he pwaaemt waxk, tha
Jrasuiﬁs ara aa ahﬁwm 1n wabla x,v

| TABLE X | :
mmmm 'THIOKNESSES OF m@nms mem
mcmn STATS ‘THEORY

.l'?',f

mﬁmpgratuwa Menelana faiyeeral Qua@rui
RN, SRS 4 . &&é
a2 -e @ms T0,0372 0439
o250 ,'@52 040290 'figiﬁé
L300 0,00395 00,0226
35 0.00325 0,017 0, mg?ﬁ
B T o 0.8

| Alﬁhaugh %heﬁﬁ valuas ef laminar %hi@knassaa ara

) uaéaubtealy aaaurata anly as to. ax&ars af magnaﬁudé; i$
@&n be s@@n %haﬁ at 20% the 1am1nam thiaknaa& af Quaarol

| gwaatly axaa@ds th& aiam&tar of the aapillaxy (@,@? am),f=

x@ was fsun& axpew&mentally uhat mt ?G“ %ha qnaaral



m@ﬁis@uﬁ had peﬁa%ratea ‘the eapillary only %hmea miliimatexs
in&ﬁww‘hauway On aalaulat&ng the v1aaasi%y ot 2@“ by
axtvapmlatian and &aleulaﬁimg the axpﬁatad wate of xiae. it
wag f@una ﬁhat the three millimatar panatraﬁman ahmu&& have
_aaenmed in abau% three minuneag and th&t in one haur %he
'péﬁﬁ%ﬁatimn ahauld have heen about ten m&llimatara 32 tha
flow preaasa were ﬂewtonzan, Thus, 4% appeawa thaty in the
.@7 am eaﬁillary, whila thﬁ &aminaw thiclmess faw Qmaﬁwal
at am“ 48 much teo large %a yewm&ﬁ fras ﬁawﬁoﬁian fl@w* at
tempevatures in the range from 25°«$5°, the 1am$nmr :

thiakneas is af the mame order of magnituﬁe ag the aapillary e

dimmater, ﬁhexafaré Just baxely pa@mitt&ng 1am1nar Nawﬁanian
fl@w, On ﬁha e%h@r handg tha laminar ﬁhiaknéawaa af both

- gmm1WTIWIW1TI@W‘$a‘miirﬁawwmaxmmw
in all the ahaawv&%&ona* o .
wha resulte noted wiﬁh qwa&ral axa ef syaa&&l interest
and valugy nak aniy in affawding a dixe@t QXpérimamtal
aanfirmaﬁian of & gruoial preﬁiation of ﬁna tnaery of the

1&qu1é staﬁe darivad from the Gross mmaal (1#}, bmt 8lso in
pxa?&ﬁing; hopefully, a system whioh may e am@a&bla 40

future data&l@ﬂ exparimsnﬁal studies af flbw meehaniam, slip
,”pwmeaaﬂes, w@ﬁt&ng and adhaaion* ata¢¢ and mf %ha £uu&a»

mental natur@ of tne %r&nsltimn batwaen Hewﬁsn&an anﬁ nan»
Newﬁen&a& flew behaviow in a aystam,uf aanstanﬁ aampmait&nn
aampriamng just anm ahamiaal sp&&iaa.'



| ‘aﬁmﬁm ::iﬁ
| m&my

o mna diff@wenﬁi&l equatian a$ maﬁ&en mf 8 1iguid

. riﬁing 1n & vaytiaal map&llary 1naludas tamma far tha timﬁ
vwate ef ahanga af momentun af %he aen%eﬂﬁa af tha éapiilawyg
the £¢reea dua ta aurfaaa ﬁensien, vmsaaus xeaiatanha*
gravity, ana en& ﬁragﬁ xf the m@tian ia alww baaauﬁe af

: gmali ai&mater o1 high viﬁcaait¥¢ iny the tewma &nv&l?ing
.aurfa@a,tagsian.&n& vigoosity dye imyartanh,- &hﬁ;sélutign

| réiﬁﬁ&ng’via§agity~an&thethight“attaiﬁéa’a%*aﬁ&*#im@ £é‘5'

whieh b n/hm, against tha time af r&&a is 1inaaw, with
8 mlapa aqual na R”pg/ﬁﬂhm¢ Prot thia alape the vis@maity
vaan be d@%ermlﬁaﬁ¢,, 4 ' :
|  Based an this reletionship a uaw axp@rim&nxam nethod
‘fax finding v&sanw&tiaa af'éméil amounﬁs of viaeoua 1iquida
' h&a baem daValmpad, o f o o
mhx$a 11@&&6&, ra@raaentmng & vamy w&da rang@ of

aviscaait&ea wmre studiad over & ranga of %ampexatuweax
-.mhaaa 1iquids were glyeewal, meneiena (m»tawhy&rawypwapyizm |

yﬁhhyxameaiamina), an& quadmam (N, N, N’ N'wtetwakistam



hyérexyprapylj'aﬁhyianadiamina), Bach sybstence was
“ehﬁrmat@w&ﬁea hy maaaurmng ﬁhe d@naiﬁv, rafraativ@ ia&&xg
,iaumfaoa “fension, and: vxaaasiﬁy at 8 aar&es of temp@waturﬁs,

. and tha tamperature dapenﬂ@a@e of aaeh was: aaléula%ea* mh@

sparaaher and malaw raxwaatien af eaah materzam w&a aalcuﬁ
-1&%9& in awder to g&va a oheok on tha gana&al r&iiahillhy
'.faf the exparimenﬁal data, A

Ey apply&ng a th@ary af the liquid sﬁaba d@valﬁpad
 &n thia 1abmratory, %ha anergy af’aét&V&ti@n far v&aeaua |

A m..w, *@, m mmmm moleeuflar mammx, l--a_* ana the

43

th&aknesa of R flnwimg lamina of &&ah waa aa&aulaﬁaé* Thﬁéafl o

malaulatiens requ&red a numer&aal msthﬁﬁ wf eulutian. Tor
.»thia gurpoaa a pwaviausly publishaa tabla ef vamuaﬁ of %hﬁ

*funaﬁiaﬁ

” “ gwﬁg/ﬁﬁ’yi/ﬁ
.3@3t1 -0 e“;“.,{?f;

vfar vaxiaus valuaa af ﬁha argmmant; m&/ﬁwy was axtené&&,
iy - The th@mry of the 1iqu1a atata was amtan&sa to -

, auggaat & theoretioal éiaﬁmnation batween wawﬁ@n&aﬂ and
’ nan¢New%nn1an bahavimw in uapiilax&aa,
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RATE OF CAPILLARY RISE
_OF MONOLENE

TABLE XI

49

W ; # 0, 349 mm, TNT;,,”,WLZQWWWT,”Tgi,,W;mmﬂﬁﬁfw;w”m;w;

o Heigh@ 1n . at | o
Tine 20”0 25 ¢ 30“& 35?*;
Seconds L
10 6,80 7495 9*16 10,25
20 9,25 10,60 12,10 13,05
30 10,95 12:50 “3015 15.;65
40 12,30 13,90 ‘15 08 17,20
B0 13,35 15,10 16,70 S 18,40
60 14,30 16,10 17 80 19.40
70 15.15 16,90 18,65 20,20
80 15,88 17,60 1935 20,90
90 16,45 18,25 20,00 21,45
100 %7;05 18,85 20,50 21,70
120 18, 65 19.80 2!,#0 22,65
130 18,50 20,20 21,75 23,00
18’95 20,55 22,10 23,20

180  19.,2% 20,98 22,35 23,40
160 19,55 - 21,26 22,60

170 19,90 21.80 22,85

180 20,20 21,75 33. 10

Minutes .

345 .31,00 22,40 33¢55

4,0 21,40 22,90

4,5 22,10 23,30

ho 25,00 25,00 24,95 24,95




@ABLB XII
RATL or QAPIL%ARY RISE
OF GEYGERQL

SR ﬁm, t m mm. m . f-;
Time 85?5_: 300 3500
Beconds
10 B4
30 5B y O L 1 .
4 6,45 7,65 8,350 I
;*10 R : 4

- B0
60

I0 825 9.80 10,60 14,35

90 9,20 . 10,95 11,70 | 15.90
100 9,60 11,45 12,30 - 16,35
110 10,00 11,95 12,75 ¢ 17410
120 fo,40 12,30 13‘20 - 17455

Mtﬂﬁﬁ§‘~‘ T T SR :
243 11,40 13,45 1&¢59 18,95
4#9 \13 8@ 16,25 37435 21,90
5.0 15:’9 17.5% 18,60 23,25

L TeS 17,35 20,20 21,20

10,0 19,30 21,80 22,95

15,0 21,80 24,30
17.5 22,78 25,00
20,0 23,60
22,5 24;30
25,0 24,90

‘ho 29,40 29,40 29,40 29,35

R 0.349 mmﬁlm




ﬁ? QﬁAﬁRQL

TABLE xx‘i’i"
RATE OF OAPILLARY Rxﬁa

'Tiﬁa'f'

3@50

Hai
p1 0

‘5o°a

t in mm, - aﬁ
65°QJ

min&tas

3535

- 3.80

4,00

4,88
a4“4§ o

485

Bh
16.@9
17539

8410
9450

a% 11@@9
12,40

117 85

2,45

8 85
9;2.
10470

11,80
12,65
13»53
‘15i70 |

‘7*85

i,jsvsa*<~53 es-—4araey_~_

13, 60
1a108

T4eh0
15475

16,40

17,80

iﬁiﬁmmW#wwwm#mﬁ‘;
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VALUES OF THB FUNOTION

TABLE XIV

‘ Lnfi/("“'5)3'* ¢

ﬁ@ﬂ M@NQ&E&E

&ime ] aa°a

5”ﬁ

| 3o*a~;“f7

- Beconds -
10 0,045
. 20 4092

50,230

i

.70 L4328,
- 8o 1@7? ol
00 M5 LB

100 Wgﬂﬁa‘ Y

. ?i2@ ;  #558

RERE T S .
:1#@': .;xﬁﬁirlﬁ

:;ﬁgggé
gg:g%%
k.3

3

=}Minutaa ’

o ‘3*3 . 35993‘>{An 3 .}
o ﬁ# 5‘. ;1‘33 B
‘175u0 :, 1;55   : ’
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?—6Af —

1.73
1,84




TABLE XV

VALUES OF THE PUNOTION

Inf1/(1 - #}] - i
7R a&xaw&a&

| @&m@ ‘, asﬁa 3@»9: 35§Qa ; oo

&aeama&: o o
10 04,007 0,010 0,012
20 +014 021,028
20 $021 - 032 037
4o aeaez oM 049

70 *949 072 087 182

80 -*'55-' 083 100 -
% .08 095 .40
100 1069 .ok 123
1o 076 115 135

120,083 2E L TAT

P .103 ABh 186
30 123 V86 226
o 16 - ~

wig JHT 610 ﬁ%a

12,5 ¢513 767 0,927

15,0 610 0*92.’?,
17,5 718 1.05

2245 4»927' N
5‘35’@3 ‘#@3 -

5.0 .aaa sz 1368 o,




- TABLE XVI

VALUES OF THE FUNOTION

Iall/(1 = 1)1 5 4

Minutes

0

"o
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Lna:T-_!‘—i- I-‘ia
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35°C. 30°C:
!l
i n 25°C. 20°0.
2.0 | . / /
o
o /
o
0
1,5 . fo) /
fo) .
)

. ° .
o o
1.0 '
v Points corrected -
: : for temperature

/ J T gradient
o

Time (min.)
FIGURE %
VARIATION WITH TIME OF Ln(#%?>~t
POR MONOLENE (cf. TABLE XI)
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1.20[

1.001
.Ln<i%i:}i

0.801

0,60

0.20F | o °©

0.40r o Points corrected
° for temperature
gradient

] ] ] |

170 15 20
Time (min.)

G

FIGURE 4

VARIATION WITH TIME OF LmQT§5)~L
FOR GLYOEROL (of. TABLE XIT)
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50°C /
o)
~ Points corrected
1.50 F for temperature
gradient
6?°c
t.25 F O o
1oLy
1 oOO [
o]

O * 75 -

25°C

Time (min.)
FIGURE 5

VARTATION WITH TIME OF ngrgf>-z
FOR QUADROL (cf. TABLE XIIL)
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2.2

2.1
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1.8

1.7

O Brookfield

0 Caplllary rise

s

3.25 3,3 3,35 3.4
1000 x1/T (deg *)

PIGURE 6

VARIATION WITH TEMPERATURE OF LOG:M
FOR MONOLENE (cof. TABLE IV)




2.9

2,8

2.7

\Log M
(cp)

2.6
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@ Brookfield

o C@pillary rise

2.5

2.4

2.3

L | 1 | |

3.4 3.2 3.3 _
1000 x1/T (deg *)

FIGURE 7

VARIATION' WITH TEMPE%ATURE OF LOG T
FOR GLYOEROL. (&f. TABLE IV)

3.4 3-5



4.75

4,50

4,25

Log M
(cp)

4,00

3.75

3.50

3.25

O Brookfield
O Capillary rise

3.0 3.1 3.2 . 3.3
1000 x1/T (deg™) :

FIGURE 8

VARIATION WITH TEMPERATURE OF LOG m
FOR QUADROL: (cf., TABLE IV)
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