





TabsLE L.—Surface Tensions of Carbon Tewrachloride-Nitroparatiin Solutions.
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Nitromethane
0.0, | 26.70 M 44 .08 25.77 .01 26 04 24.05 . 26 (9
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this particular criterion was used
for deeision making, the standard
deviation of each set of readings was
not recovered in the computer ocut-
put. The standard deviation, ascer-
tained by trial caleulations, is ap-
proximately 1.1 to 1.2 the averays
deviations tabulated in Table 1
The prehable error of the true sur-
faee tension calenlated with Equa-
tion (1) was ealeulated in the nsual
formulas for propagation of errors
{ef. Daniels et al. (1962)) using the
errors given by Gunter ef af. {1967
for T, , the average deviations of
D,, ,and zero error in Ry, . R,
C, and D, The probable errors
are given in Table 1 along with the
true surface tensions calculated from
Equation (1}. The Dy,  determina-
tion involved the compounding of
errors from several sourees which
makes it, relatively, Jess determined
than D., which involved a single,
aceurate measurement. The probable
errors shown in Table 1 reflect the
weighted importance of the errors in
D, .
Individual measurements at 30°C.
showed no significant variation for
the different grades of carbon tetra-
¢hloride and nitromethane. The re-
sults are in good agreement with
the nltroparaffin values interpolated
from the ring method data of Boyd
and Copeland (1942}, The results
are lower than the data measured
by and/or the data caleulated from
the non-ring methods used by Snead
and Clever (1962} and Thompson,
Coleman, and Helm (1954). The
greatest 30° deviation from the 1it-
erature involves CC1l, and is prob-
ably due to slight evaporation loss
during transfer, On the other hand,
the deviation found in C,H,NO, is
nndoubtedly due to the impurities
inherent in the grade of chemical
used. Although of superior guality,
the C,II.NO, s not of the great

purity as the CHXNO, and (1,
No literature values were uavailable
at 35°C or 45°C. One may surmise
that the present data are of quality
compargble to that of the 30°C data
with somewbat greater experimental
error due to evaporation at the high-
er temperature. A comparison of
the rapid ring mothod with a more
aceurate technicque, eg. the maxi-
nium habble pressure method, is ob-
tained by comparing the values from
the literature found in Tahle 6. No
literature data for the solutions are
available but the present data ean
be construed to be of the samc ex-
cellent gnality as the data for onr
pure compounds,

The velative surfaee adsorption
{surface exeess) of the nitroparaffin
(component 2) with respeet to the
carbon tetrachloride (ecomponent 1),

I,, was caleulated from the equa-
tion for perfect solutions (Defay

et al. (1966)).
I, = 27 (2)
@, x JT.P
where x, is t.he mule fraction of the

nitroparaffin, R is the ideal ygas con-
stant, T iz the absolute temperature,
and I* is the ambient pressure. The
derivative in Bquation (2} was ob-
tained analytically from a least
squares fit of the surface tension
data to a gquadratie funection of the
mole fraetion, The e¢hoice of a quad-
ratic function wag arbitrary but lim-
ited by the eriteria of a good repre-
gentation of the input data and
statistical reliability for the number
of degrees of freedom. The zero de-
gree and first degree polynomials
are eliminated by the first ceriterion
while any polynomial of guintic de-
gree or higher is climinated by the
second criterion. Consideration of
the errors inherent in determining
a derivative through the use of data
fit plus the errors in assuming the
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validity of Equation (2) suggested
that cubic degree or higher poly-
nomials were an over determination,
The ahsgolute surface adsorption of
the nitroparaffin, I, was caleulated
assuming a dividing snrface under
an inhomogencous monolayer and
mixture surface teusion which is a
linear function ot the smrfar*e dd-
<~0rptmn mole fraction, 1.7, -+ 7,1},
{van Rysselberghe r1‘138)‘3 e re-
sults are given in Table 2. In gen-
cral, the results illustrate the prin-

59

eiple that the substance of lower sur-
faeo tension s coneentrated at the
surface. For cxample, the negative
values of Iy, reflect the increasing
deficiency of KNGO, with respeet to
("1, {(the substance of lower sur-
face tenmon) The values of T, are
consistent with the size of the nitro-
paraffin moleeule. The amount of
exeess 1s proportional to the differ-
CTGe in HLl['fal’:'E‘ T-E'l'lSil)llE- Df the cont-
poenents of the solution. The more
negative values of TI., for CH,NO,

TasLr 2—S8urface Adsorptions of Carbon Tetrachloride-Nitroparathin Solutions.

Stated in Units of Q cm™ x 10®

21 2
Mole Fraction | |
{RNO;) too30eC 3seC 43°C | 30sC - 35°C 43°C

S, | |

Nitromethane
00, 0.0 0.¢ 0.0 0.0 0.0 0.0
Ol 00190 0.143 %107 | —0.0462 | —0.024]1 | —0.0134
0.2 . ... 0.132 0.0776 0.33¢ | —0.0340 | —0.0107 . —0.00601
0.3 —0.115 | —-0.196 —0.220 0.0159 0.0369 ¢.0470
0.4 ... .. .. —0.610 ¢ - 0.678 . —0.653 0.0830 0.0997 0.110
0.5, . —1.33 -—1.37 —1.27 0.152 0.149 0.234
0.6, oo - 2,29 —2.27 —2.04 0.221 0.327 0.368
O 7 e |34 —3.37 | —3.03 0.392 0.545 0.337
0.8 . .. —4 .88 —4 .69 —d 18 0.733 1.11 0.872
4 S —6.51 —&.21 --5.31 1.1%8 2.06 1.37
1.0 . ... ©—R.38 —7.54 —7.03 | e

|

Nitroethane
Q.0 ... 0.0 0.0 ' 0.0 0.0 0.0 0.0
O 1. .. ..o —0.0219  --0.0416 | —0.0313 | —0.00316, ©.0113 0.0121
0.2, e —0.112 —0 147 | —0.128 0.00451 0.0642 0.0379
0.3 ... —.271 —0.317 | —0.291 0.0098%  0.207 0.129
04 .o P-—0.498 | —0.550 | —0.519 0.159 D.271 0.183
0.5, —0.794 | -—0.847 | —0.814 (.301 0.405 0.455
06 ... —1.16 —1.21 -1.17 0.521 0.807 0.634
0.7 . -1.59 —1.63 - —1.60 1.02 1.32 0.947
0.8..... ... ... —2.09 -2.12 —2.09 1.68 1.82 1.43
0.9, .. .. —2.66 —2.647 —2.63 2.08 '! 2.98 2.15
100 —3.30 -—3.29 —3.27 | Y
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mirrer the greater differentinl in the
v-values of CHLNO, and CC1, as
eompared to C,H,NO,. "Although the
specific values of T, depend upon
the meode ol calenlation (the choiee
of surface), these qualitative con-
¢lusions remain invariant {Guggen-
heim and Adam (1933} ).

The surface cotropy per unit arca,
8, was obtalned from a least squares
fit of surface tension data fo a linear
funetion of temperature, The linear
funetion was chosen because of the
well-known beliavior of surface ten-
sion as a funetion of temperature
{Partington, 1951). This fortultous
funetional behavior results in a par-
tiewlarly simple ealewlation wherehy
the slope of the least squares fit is
simply {dy/dT). ., (A being the sur-
face area’. The identification of this
slope as s, results [rom the alter-
nate view of surface tension as sur-
face free energy and the application
of the usual thermodynamic equa-
tions to the surface layer. The heat
of extension of the surface per unit
area (latent heat per unit area),
{,, was calculated from s, and,
then, the enthalpy of extension of
the surface per unit area, h -, was
caleulated from 1, and y. That is,
the latent heat is obtained by a tem-
perature multiplication of the slope
of the least squares linear plot. The
enthalpy then follows immediately
from the first law of thermodynam-
ies, that is, from the eonservation of
energy. The values of s, and h,
are given in Table 3.

The surface entropy per mole, 8y,
wus caleutated from the slope of a
Ramsay-Shields (1893) plot deter-
mined by the method of least squares.
This caleilation proceeds exactly as
that of the preceding paragraph but
the independent variable is not v but
y(MV)#¢, where M is the molecular
mass of the compovnd and V is the

molar volnme of the compound. For
solution data, M was oblained by the
agsumption that mass of the solution
s addilive with respect to the mole
fraction of the components,

M = x,M, L x,M, (3)

where 3, and x, are the mole frac-
tions of CC1, and nitroparaffin, re-
spectively; M, and M, are the mo-
leeular masses of (1, and nitro-
paraffin, respectively; and M is the
moleeular mass of the solution. The
molar volunies were taken from Gun-
ter ef af. (1967}, Whereas y is the
surface free energy, the guantity
y(MV)#* ig the free molecular sur-
faeo-energy. As is true for

yoy (MV)2/%

fits well a linear lunction of fem-
perature, if the temperature is given
in absolute teerms. In a manner anal-
ouous to the caleulation of [, and
h,, the heat of extension of the sur-
face per mole (latent heat per mole).
Im, and the enthalpy of extension of
the surface per mole, h,, were cal-
culated from $,. The entrophics
and enthalpies are tabulated in Ta-
ble 3. '

The values of s, and h, For pure
nitroparaffins are i good agrecment
with those given by Spead and Clever
(1962) while the pure CC1, values,
like those of Vogel (1948) are high-
er than most values wlich can be
obtained from literature data. The
fact, that the values for CH NO, are
slight)y higher than the best litera-
ture values while the C,HNO, val-
ues are egquivalent to the best litera-
ture values implies that the slope of
the CH,NO, v.—t function is chang-
ing more rapidly than usually ae-
cepted; the conclusion is not incon-
gistent with the pessibility of slight-
Iy more evaporative loss at higher
temperatures for the lower boiling
QII.NO, A greater variation is
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Tarri 6,—Summary of Literature Values,

Futrapy ‘
Surlace S e —— .
Tension | Fathalpy
360, ~ 8 ’ s x 107 h, Parachor
(dynefcm) {ergs/cmi-deg) |, (brgs/mole-deg) {ergs/em?} [P]
Nitromethane
34262 013877 31597 81.14 131 Bu
35,473 0.150¢ 15.% 86.4% 132 648
35 489 0.1678 ; 14,43 g1.37 132,77
35.5(n 0. 168 20,30 84,42
359 0. 14648 7688
Y .
Nitroethane
3158 0. 10907 12 837 09 8% 171,078
0.12557 14.1% 63,70 171,12
(.1163° 14,98 67 17 : 171,21
0.12)8 18,43 67.98
I
Carbon Tetrachloride
0548 0.11% 17.6% 61.7¢ : 219,36
2557 00,1259 17,81 03 .60 ! 219,69
{1327 1818 66,58 220.0v
011730 18,7 ! 60,51 | 2z
0.3 i '
*5.1°C :
- Surl and Ramuakrishna {1969 L1, Ramsay and Aston (1894}
. Hennaut-Roland and Lek (1931) 14, Hammick and Andrew (1929)
. Bovd and Copeland (1942 17. Mumford and Phillips (1950)

. Pugachevich ¢f ol {1963}

. Morine (19323 7

. Ray (1934}

Morgan and Stone (1913) 1
5. Thompson et af. (1854 1
8. Vogel {1948)

Snead and Clever (1962)
Harkins and Cheng {1922}
Ramsay and Shields {1893}
Renard and Guye (1907)
Mumiord and Fhillips (1939)
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