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Introduction
i study was made of multi-bensene ring compoands dissolved

in bensens in order to discover auny relationship between vise
comity, denaity, and temperature. lHowever, as there wans |
insufficient time, only solutions of naphthalene dissolved in
bensene were studlied,

Historieal

Studies of binary solutions of twe iiquide have deen pre-
formed by many workers, with many resultant equetions for the
visgositien., Viecosity has bheen used for the detormination
of high moleculsy weights nnd for the analyeis of petroleums’
Agueous solutions have been thoroughly studied with respeot
to viscosity, dut there remaing a lot of work to be done in
non-agueous solutions. The m. in visgosity with members
of a family has sleo been studied, but not with bimary solutions."

Apparntus
The densities of the solutions were determined by memsaring
the volumen of welghed samples in a dilatometere 4 weter filled
electrieslly eontrolled, eleotrivally heated thermostat wae
useds The temperature varistions in the bath were : 0402°Cs
at each temperature. These fluctuations onused no messurable
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varintion in the volume. The th was read on a calibrated
111 Corporaticn thermometer to 0.,01° by s magnifier. |

The dilatometer was made by sealing a 5 mm. i.d. gredusted
tabe to & oylindrical bduld with n gepasity of aporoximately 24
mle The volume eould be read to an acenragy of = 0,001 ml,
dtandard methods of welghing the sample and ealibdreting the
dilatometer with dlstilled water were usede The dilatoweter
was enlibrated to = 0.,008kl. ot enoh tempersture usmed, and the
final enloulated densities were £ 0.,0008, or two parts in 10,000,

The viscosities were deterained by the method of Binghum’
dee Tige le  The pipette used wen onlidbrated by standerd liquids
from the Buresn of Jtandarde by the Csnernl Mlsotric Company
and wus ehecked by me with bennsene. The wvalues obtained fell
between velues previously reported s The formuls uesd was}

= CpE~ Clo/t {1)

The eonstents were C = 9,010 x 10°%, ©'= 1,48, here "o" 1o
the denaity; "p" i2 the pressure or height of water in centi.
meters corrected to 26° rend ms hydrostatic pressore on a metal
gonle; and "t" 1o the time in seconds measured dy an elsetrie
timer, The proasurs was obtaimed from a laborstory alr line
and stored in a Jlarye tank sufficiently lagged to prevent
sudden pressure drops due to thermm) ohange. JItopeocks were
srranged 80 thet pressure conld be mpplied to ome side of the
pipette while the other wae opsn 10 the atmosphere. All detere
ainations required the 11quid to flow £irst dosn the left hend
#slde, then down the right hand eolde of the viscometer. Iach
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Viscosity Pipette
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Page &
determinstion wans ohevked lmmecdintely and the largest variation
between two rune was twelve purts in 10,000 and the average
devietion was about seven parts in 10,000, The theruostat
previounly deseribed was used.

It was found that If the time was not long encagh during
a viseosity determination, the csloulated results did not cheek
if the pressure was varied, tempersturs Ddelng held oonstant, ans
the estimnte of error due o time wap %00 highs Time used for
sll determinntions wae over 400 secondm, preferably around 800
seconda, It ;nu slso found thet the spparatus could not be
operated on 6 windy day mg the manometer wae open to atmospherie
pressure which would change. 4lso as the eguipment wae in a
small room, s#ll doors in the room and in ajoining roomes had to
be Rept open as the closing of & door would osuse & pressure
changes This probabdly had no effect on the resulits except that
the msnomster could not be remd imsedimtely after » pressure
change ne the water eolumm vibrated., Pifteen minutes or longer
wae alwaye allowed for the solutions to come to constant tempe
ernture when placed in the buthe.

Purificatlon of lateriale
The bensene was purified by the methed of veissberger by
drying reagent thiophene-free bensene with sodium, then dise
tilling from sodium. Heosublimed nsphthalene wap oyryutallised
twice from sbsolute methyl nloohole Its melting point was 79.8°
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frvepar«tion of Solutions |

delutione were prepared by weight in narrow mouthed, glase
stoppered bottlese The cm; bottle was welghed and welghed
again after receiving a roughly welghed ssuple of mphthalene.
A third welght wes taken after the bensene was sdunitted. Welghte
wore eurrected to vaouume

The sclutions evapersted momewhat from the dilatometar as
some time usunlly passed betweon deterninntions, so the amount
of nephthalene in the dilatometer was oaloulsted and assumed to
resuin eonstant and the dilatemetey vae welghed defore and after
ench dstermination.

ixperimental Hesulte
Table T

Viescositics of bensens-nuphthelene solutione in centipelines
Coneentration sxpreseed in per cent by weight of naphthalense

o 049745 20,1081 324028
#5041 <5558 7456 «BOLB
5633 +6E1E +B908 7982
oB£87 5790 6419 7417
9B 5413 5997 6903
45 +4643 «B09E 85626 <0458

50 A 569 4793 5285 #6064

& & 88 &



inge ¥

Takls I
remsitien of bensane-napitibalene solutions. Coneentration
exprozsed as per wont by welght of paphthelene.
°C  ouno. Gense ocome. denes cono. denn. Gono. dens.
20 0 WET30 D974 JBBETY  E0.205 J9011 384441 L0190

B0 O JBE73 0,074 (BB10 20,121 8958 35,444 9149
86 0 L8636 0,97 L8764 80,188 L6907 53,445 L0099
40 0 LBBED 9,974 OTI0 20,135 L6054  05.486 9049
45 0 JBELE  0.07% LBO57 20,109 8808  50.684 L9001
B0 C 8460 0,976 8808 £0,106 (8755  83.488 L0951

Lissuswion of lesults
The densities were plotted as isotherms sgulnst conventrae
tiom (Plge IX) om lerpge cocrdinate paper snd found to bde lineny
witzin experimentsl errer. In Table 1II are the constunts for
the variation ef density of pure bemsene with temperefure using
the equation: i |
Bg= dgg + it « 261+ Blt « 20184 oft o 25)7 (2)
Table IIX
Gy = #0750
B = 14048 x 20°°
b= «3.082 x 30°8
0 = +34006 x 108
where "a," is the density amd "$* s degress Centigrade. Thess
¥ajues are good to one part im 10,000,
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The variation of density with concentration follows the equation:

8o al + 8y (8)
where "d," is the density =t s given concentration snd tempera-
ture; "m" Lo the alope of the line; "C" im the ooncentration in
per ocent by weight; and A“dt" a9 deterained by Lguatien (2)s "m*
and "8," wers detorained by the method of lesat squares and "d,"
wag gensrally 2.0001 unit lens than those given in Tebls Il
The slope of the lines lncreased gradnelly as shown by the
invrense in "m",

Table IV
Constante of Zqustion (3)

"8y as deterained by method of lesst squares, "d;" from Table
I1, and "4, " from Nquatien (2),

°g 8 4 by "

P5 4729 L8730 8780 1,40
20 8677 L6678 8678 1441
55 £625 8684 8626 1442
40 8568 856D 8670 1448
45 JMEIE L8516 BELS 148
50 WBABD  LB460 L8460 1.46

Bguation (%) in conjunotlon with Table IV and Zquation (2) gives
values good to eix parts in 10,000,

The viscoeity deta were plotted in four ways: Viecosity
ageinet Temperature (Pige I71T); Visecority lsetherms sgainet cone
contration in per eent by welght (Fig. IV); logarithm of Vis-
oomity agninet feelprooal Absolute Tempernture (Fige. V)i and the
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Cabke Hoost of Fluldity or Jselprocsl Visoosity expresssd in
polzes agninet Conventratiocn sxpropszed as per sant by ulght
{Plga VXle J

~ The leg of viscomity agninst 1/7°R (Fig, V) wee plotted on
lsrge coordinate puper and found not 16 3¢ limeey, dut with a

plizht survalure., This ourvatare proventa the use of the oqutum‘

logy = B/7 -+ 4 - {4)
ar tho mave resant foraulas’ .
logn = 89/2.80 37 + A ()

where “ il galied the smergy of sctivetion of viscous flow.
™he ourves would »robably ohey the aguations

lagn = %ls.mmo-e\-h@!\ (6)
This indleates that §, la not a constant but inorenses rlightly
with an inoreuse in tesperature, The enerpy of activation of
of ﬂacm flow cun be dctarained by finding the constants of
Hquation (6) and taking the derivative dn/av, substituting in
T and multiphying by +2.80 R swhews "0" I8 the molar gas oone
stant expracsed in oclories. A1 coneentrations imeluding
pare hemsene shewed nomelinearity, wherans most 1icuis when
plottad in thin manmer 8o obey Bquations {4/ amd (B)a
| ™ (Flas T11), vimeority sgainet tamparaturs, the ourve for
pure bengene 414 wmot follow the aqustions of SFatmohinski or any
of thone reviewsd snd pastulated by Bingham, The onrve does
follow the squauani

n= 8+t~ ot?. atd (7)
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Table V
Constants for iﬂqmtvim' {7}
B = +,0006
b= e1.859 x 10™2
0= +1.787 x 10™*
dz -9,885 x 10°7
the constant "a” wonld probubly be the viscosity of benszene at
0°C 1 1ta freening point were below sero. This s in fair
sgreement with the valne 9002 @pe previoualy reported, the oale
culated value for hmoia 6t gerc. The value for undercooled
benzene given by Thorpe and Hodgers in 1894 at sero degrees is
908 axn'

“partion (7) devistes from the date ss the teaperature
inerences and at BO°C is good to 14 partes in 10,000+ The maxe
imum poesible error for bensmens is +0.0004 ope nt 26°C or seven
parts in 10,000,

lantie”snid that ldeal bimary mixtures indicate that the
Gube root of fluidity (reciprocal viseosity in poises) oun de
expressed as & linear function of the mol retio. This was
found not to be true But 1t is a linesr funotion if the concene
tration is expressed as per cent by welsht:

03/%: mo . /3 (8)
Where "§y* is the fluidity at a given concentration and tenpera.
ture; "m" is the slope of the 1ime; “C" is the concentration in
POr cent by welght of maphthalens; and*fy” is the fluidity,
1/(n = 10°%), of pure bensene, as determined by “guation (7).
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The constunts "m® and "}3/5* were determined by the method of
larot equares.
| Tuble VI
Oonstants of Zguation (8)
'Q/ 89 geteruined by the method of lesst sguares, *0{/ ' onle
onlated from Table I, "W‘"” onlonlated from ‘quation (7).

. W W g .

26 Bud94  Bud91 5401 1,85
80 54621 5,620  B.4820 ~1.04
3 B850 Ga748 5,748 ~1.86
40 BJSTS 64873 - 54876 ~1.66
45 6997  B.994 5,997 -1.87
60 o128 64117  6aml 1489

The value for "m” nt 26° has heen ohecked mnd ls corvect.
ixngtly why the slope should ohange aa it does ls unknown.

It muet be romembered whon coneidering idesl solutions, &
liguid dissolved in & liquid, and a solid digsolved in a liguid
are not quite the sawe beenuss of the large dlfference in
freezing points. iany formmlss and theories have been suggeoted
Soneerning the viscosity of bimmry liguids, taking into ageount
factors such ne assvocintion fuetor™ contruction or expmnsion
in volume upom mixing’'; ebange in deneity ‘] free spuce and
ratioc of spparent and aotunl molecular weights'} and barriers
around moleoules im the iiguié' Dut most of these are comcerned
with funetions of the visoosities or fluidities of the pure
uhtmn. and eannot be in this onse.
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~ Prom thess data, ! coneladed that for ideal or nesr ides)
solat lons, the density onn be expressed as & linesr funotion
of coveentrstion in per cent by welght, The eube rost of
fluldity eon be expressed as a linewr function of eeoncentration
in per vent By weight. The energy of sctivation of visoous
flow im mot cometant, but inoresnses alightly with ineresse in
teuperature.
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