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:PARTIAL MOLAL VOLUMES IN THE SYSTEMS .
METHANOL-WATER AND NITROMETHANE

WATER AT 30°C
CLIPI'OBD B. SMITH .... I'OBUST BLANKENSHIP,

1JDlYenlt7 of Oklahoma, Nol'IIIaD

INTRODUCTION

B1drate formation and the phase relations in 8ystems contalntng water
aDd water-1D8oIuble-metbane derivatives have been under investigation in
the PhJa1ca1 Chemtstry Laboratories of the University of Oklahoma (Blank
eDlbip 1946. sampson and Blankenship 1948), As a result it became of In
terest to investigate the changes jn partial molal volumes in the water-rich
I'eI1oD of complete m1sclbWty. Of the various water-1n8oIuble-methane de
rivatives known to form hydrates. nitromethane 18 the most soluble, Por
this reason it was choaen for study.

There was further interest attached to the water-nitromethane system,
WJ1lht, MurraY-Rust, and Hartley (1931) reported that the v1scos1ty be
havior In this system 18 unique, The viscosity of water is Increased by the
adcUtton ot the lea viscous nitromethane and the viscosity of nttromethane
11 decreased when more viscous water 18 added.

The partial molal volume of methanol In water solutions W88 determined
by the method of graphical intercepts. In the nttromethane-water system,

, extrapolation to the intercept on the nltromethane axis is uncertain because
of the narrow range of m1sc1bUlty, For this reason the method based on a
plot of the apparent molal volume of nttromethane against log ~, Where n,
18 the number of moles of nttromethane, W88 employed (Lewis and Randall
1828>.

EXPERIMENTAL

To obtain denmties, a 25-ml Oay-Lussac pyknometer W88 used, Tem
perature was controlled in a thermostatted bath set at 30° C by use of a
conductance-cell thermometer, graduated to 0.1° C and readable to 0.05° C,
The temperature djd not vary more than 0,020 C 88 shown by a Philadelphia
cUtferentia1 thermometer, Which was graduated to 0.01° C. Solutions were
mixed by wmght us1ng an analytical balance, The methanol was Baker's c, p,
anhydrous and was used without further purification,

The dena1ties found for methanol-water solutions at 30° are shown m
PII. 1. The llterature contains data for 0°, 10°, and 20° C; these data have
been plotted (Anonymous 1928) for compar1son, Since our data at 30° C
supplement these earller values and appear to be cons1stent with them, we
belleve that the techn1que was satisfactory, The choice of 30° as a worJdng
temperature waa lnfluenced by convenience in thermostatttng,

The Dltromethane uaed was Eastman Kodak (Impure) and was purlfted
~ to the method ot Wright, Murray-Rust, and Hartley (1931), t. e.,
dlatWation through a two-foot column. refluxing with a stream of dry air for
\Wo hours, and a second distillation, These authors reported that nitro
methane was solUble in water to the extent of ten percent by weight at 25°
o and that water was soluble in nttromethane only to the extent of two percent
bJ wetcht at 2&0 C, It was found that between eleven and twelve percent
Dltromethane 11 solUble in water at 30° O. Therefore. only a amall rauae
oould be ameuees.

RB8tJLTS
When the apeclftc volume of methanol lJOluUon was plotted aaatDst weight

peroentap a smooth curve was obtained .. ahown 1D PIg, 2. '!be tanpnt
.. 10 percent methanol was found to have an Intercept at 102M (which, wbeD
aulUPUecl bJ \he molecular welaht of metbaDol. cave the value 38.22 for UJe
~ molal 'fOlume). The taDleDt for the raDI8 from 0.0 to 10.0~_aww .....~ CODItan, 80 tbat tile parUaI molal wi... of



AOADBIIY OP 8CIBNOB POB 1M., ."
100

'I)

~

1:)

I60
0
:e's:J
u
~

10

~O

20

10 .7' .80 .!S .'0
D[NSITY

FIGURE 1

1.00

o '0 20 '0 'to .50 60
wtlQiT X CH,JOH

PIOUBll2

10



•

..
• , ., s • '7 •

W~/""' '"1t1Nr Cit} IVC\

PIQURB 3

9

both water and methanol were collltant throughout th1a concentration range.
other values are given in Table t.

TABLE I

wt.% Tangent Tangent Parttal Parttal
OBeOH Intercept Intercept molal volume molal volumes.o (mlIl) OBaOH(ml/r) u.o<ml) CB.OH(ml)

~ 1.002 1.180 18.038 37.81
60 0.9'18 1.224 17.82 39.22
80 0.900 1.264 18.22 40.&0

When the apec1ftc volumes of the Dltromethane-water system were plotted
aplDat welabt percent as In PlI. 2 the curve was best represented by two
sValIht lines of sllghtly dltferent slope. The tanaents thus lay on these
1IDeI and the Intercepts multipUed by the molecular welgbt rave the partial
molal YOlumee, wbleb were canatant on either alde of the d1sconttnult)t at 8.&
percent. However, extrapolation to the D1trometbane am Involved a mapl
ftcaUon of any error by more than tenfold. Por tbia reuon averap values
tor sped1lc Volume were taken from the curve In PlI. a. and the values of
\be apparent molal volume calculated therefrom were plotted aaatnat tile
101·0. as shown III PlI." TaDpnts to Use curve In PIal. 4 were drawn aDd
;tbe Yalue of the alopes adclecl to the ontIDatee at wbleb the tanaeDta were

.' dra1fll. The resulttDa values for the puiIal molal volumes were· plotted~
lIlOle petCeDtaae of DltirolDetbaDe as ahowIl In PIa. a. '1'be curve obtained ball

':Wo 'horialtal pontona refleatlDa tile facl UIM the puUal molal W1uIDe II:,,-t over two rucee with· a .a.r.k .... tile two. The roaDdiDa ott of
';" C\InJ II due to umttatlODa of the papbJcal method. '!'be 'fa1Ue f~ tile
~ molal Y01UIDe of DlkonMAene calOiaJated freD UIe epec:I1Io-JQb1188-
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Weight-percentage curve 18 shown on the water axis and correepaDdl to the
lower of the two Oat portions of the curve in Pig. 6.

SUMMARY

Tbe partial molal volUJDel for both metbaDol aDd water in tbeIr lI01uUGDI
at 30° C have been obta1Ded.

The parttal molal volume of DltrometbaDe in water at 10- baa bem 0b
tained for the ra.uge 0.0 to 11 percent by weicht of DltromethaDe. TbIa cor
l'eSpQDda to a range of 0.0 to I.e mole percent. Prom 0.0· to 2.O-mole perceDt
of Jl1t.rornetbaM, the pu1iial moJaJ wlume • 48.. ± O.oa mL Prcm 2.O-moJe
IM!I'CeDt OIl to b limit of mJ8cIbIJ1~, tlbe value • 61.0 ± 0.1 mL
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