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The sample was taken from a batch of »-hexa-
decafluoroheptane purified in this Laboratory and
had a purity of 99.97 mole 9}, as determined from
a time-temperature freezing curve. Briefly, the
apparatus consisted of two metal boiling point
tubes connected to a common pressure system
containing helium. The helium pressure in the
system was maintained constant while the boiling
temperature in each tube was mieasured with a
platinum resistance thermometer.? The boiling
temperature of the sample in one tube was com-
pared directly with that of water in the other.
Thus, the precise vapor pressure of the sample was
interpolated from the steam tables® by using the
boiling temperature of the water,

‘The present measurements which slightly overlap
the former data? are listed in Table I. Accuracy
of the pressure values is dependent on the ac-
curacy of the steam tables, while the temperature
was measured to about =+=0.01°. Extrapolated
data, based on the low pressure equation, deviate
from the experimental data less than 0.19, of the
pressure at observed temperatures as high as 136°.

TaBLe [
VAPOR PRESSURE OF #-HEXADECAFLUOROHEPTANE

Lol Pobsd.,  dobad.s FPopaa.. tubad., Pobsd..

°C. p.s.i.a.z ° p.siae °C. p.siad
94,89 21.53 120.98  54.66  180.01 157.2
100,92 25.62 136.04 62 84 187.98 1824
104.84 28.61 144,05 75.45 196.05 211.4
110.04 32.96 156.03 97.63 198.24 220.0
117,87  40.47 164.08 116.1  200.79 230.7
125.96 49.53 171.87 134.7 201 .5 (i) 234 (p.}
@1 p.s.ia. = 51,715 nun.

A pressure—temperature plot of the experimental
data in the region of the critical point resulted i a
line whose slope approached infinity at a tempera-
ture of 201.5 & 0.1° and pressure of 234 + 2
p.sida. These critical values check previously
reported data on n-hexadecafluoroheptane deter-
muned by another inethod.?

{3) N. A. Osborne and C. H. Mevers, J. Research Nail. Bur., Stun.-
ards, 13, 1 (1934).
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The Neglected Term in the Guggenheim Equation
for Calculation of Dipole Moment from Solution
Data

By Saxtr R. Panir

+

RECEIVED FEBRUARY 18, 1952

For determination of dipole nioment in solution
it has been the general practice to experimentally
obtaini dielectric constant, e refractive index, #
and density, ¢ in dilute solutions. Guggenheim!
has however shown recently from some simplifying
assumptions that density data of a very high order
of accuracy are not necessary for such calculations,
and density values of say 19, accuracy are quite
satisfactory for dipole moment -calculations.

(1) E. A, Guggenheim, Trans. Farailay Soc., 46, T14 (1949).
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Smith? following Guggenheim has gone a step
further and has shown that solution density nieas-
urements are not at all necessary for such calcula-
tions and Guggenheim? has very recently reiterated
the stand of Smith and has introduced further
simplifications.

The above authors have obtained their results
under a few assumptions which are not wholly
justifiable. Palit and Banerjee* have lately pro-
posed that a rational approach to the problem of
computation of polarization without involving any
assumnption should be through the concept of par-
tial specific polarization and the technique already
developed and used in the computation of other
partial quantities should be applied to such calcula-
tions. The purpose of the present note is (1) to
demonstrate that the Guggenheini—-Smith equation
is directly derivable from the method of Palit and
Banerjee under some simplified conditions, (2)
to deduce the complete equation for such computa-
tion, (3) to make an exact analysis of the error
introduced by using the Guggenheim-Smith ap-
proximate equation, and (4) to obtain a satisfactory
and exact answer to the moot question of how far
solution density measurements are necessary for
the computation of dipole moment.

Derivation of the Complete Equation.—Our
starting point is the well known equation of partial
quantity, which applied to polarization as suggested
by Palit and Banerjee* can be expressed as equation
(1

’*“'P: = (Z—/f)wz—>1J= ])1 + (ap/aw2)wg-¢0 (lJ

where p is polarization and is equal to 2——~—:12 X é
according to the well known Debye equation,
w is weight fraction, and the subscript 1 and 2
refer to solvent and solute, respectively. Putting
the above value of p in equation (1) and carrying
out the differentiation, and proceeding to thc
limit w, — 0, 1.e., infinite dilution, we obtain

3 (ae/au{g_)_n
dl(el + 2)2

where the subscript zero stands for wy, — O, 7.e.,
infinite dilution of the solute. Let us designate the
concentration coefficients at infinite dilution of
dielectric constant and density by oy and f,,
respectively, when we get

- _ B Sag
= (L-0) gy ®

which is the saine as the equation of Le Fevre and
co-workers® obtained by a different route.
n* — 1

wpy o= (1 — (Od/a'ZU?)O/dl) +

Lo )

1 .
WIS X g Wwe can write

an exactly analogous equation, viz.

p o () _ ony _
= (b‘wz>v B 2’“(5“’2)0 =-2ms

(2) J. W. Smith, ibid., 46, 394 (1850).

(3) E. A. Guggenheim, ibid., 47, 573 (1951).

(4) S. R. Palit and B. C. Banerjee, ibid., 47, 1289 (1851).

(3) R.J. W. Le Fevre and H, V. Vine, J. Chem. Soc., 1805 (1937).

Since refraction, » =

3o’
dx(ﬂ12 + 2)2 (4)

where
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TaBLE I
CoMPARATIVE CALCULATION OF ORIENTATION POLARIZATION OF ANILINE AND DERIVATIVES
P!y
Eqn. (9)% Original

System B A C B+A-—-C Eqn. (6)? Eqn. (1j¢ authorsd
1 Aniline in benzene 0.422 51.372 4.188 47.61 47.36 47.61 47.65
2 Aniline in dioxane 2,961 69.486 8.354 64.09 64.28 64.25 64.19
3 Methylaniline in benzene 0,4980 60,9700 4.2460 57.22 57.02 36.96 36.99
4 Methylaniline in dioxane 3.6130 75.5780 8.9340 70.25 69.99 70.25 70.49
5 Dimethylaniline in benzene 0.5876 55.9100 4.4841 52.01 52.17 52.91 52.89
6 Dimethylaniline in dioxane 4.2534 61.3510 8.6570 56.95 56.65 56.56 56,58
7 Trimethylamine in benzene 0.9753 8.5038 —7.3397 16.82 16.93 17.0

» Derived quantities are as follows, where ao, 8. 87, ¥o and v¢ are the concentration coefficients of @, d. ¥ = 1/d, n and n?,

respectively, which were obtained by statistical least square evaIuaEion of A/W2 for these quantities.
0.2361; (2) ao

0.0421, v = 0 1623; (5) o
B8 = 0.0843. vo = 0.13906; (7) as = 0. 4468 8y =
(no. 5086 (2) 0.6580, (3) 0.5269, (4) 0.6209, (5) 0. 4253 and (6) 0.4381.
p1+ bw, + cwz = (1) 0.34089 + 0.050005 wy — 0.13787 w,, (2)0.27854 + 0.74349 w, — 0.70365 W2

2,933, B = —0.1720, v§ =
0.0694; (4) ap = 4.271, 85 =

!912 and 271170 = 'yé: (1) oy =
3.025, B’ = —0.1348, v, =
0.0648; (6) ap = 3.0568,

w; — 0.25007 sz (4)0.27855 + 0.71518 w; — 0.57908 w,?;
wy, — 0.21008 w}; (7) 0.34086 + 0.15361 w, — 0.33226 w}.

Of course, 8y =
—0.012, 4

— B8

= 0.496; (3)
= 24528, By = —0.09373. 7
0.2213, yo = —0.378. > [0(p — r)/Ow)s
¢ The curvilinear regresslon equations are: — p =
(3) 0.34090 + 0.52860

N

0.4520, B =

(5) 0.34088 + 0.43565 w, — 0.210003 w;; (6) 0.34088 + 0.43565
¢ Few and Smith assumed 0.05R =

P4, which has been com-

pensated for in this column, as all our calculations neglect Pa.

It may be mentioned that the possibility of treating
refraction by the partial method has already been
hinted at by Guggenheim® and equation (4) has
already been deduced by Everard and Sutton.
Now
(= p;) orientation = pyy = (3)

By combining equation (5) with equations (3)

and (4), we have

copz — ™7

pw = (pr —n) + ('61%”:21‘))0 (6)
3(a — ni Bo
pe= Lo s s (- 8)]
3ay 61170
o zor) - Lapits) @
sz =9 +a—-c (8)
.'.P2“=B+A—C (9)

where a, b and ¢ are the three specific terms con-
taining ag, o and v,, respectively, and 4, B and C
are the three corresponding molar termns in equation
(7). Equation (7) is an exact equation but it
differs from the Guggenheim—Smith equation in that
it has an extra term, which we have chosen to call
B.

Derivation of Guggenheim Approximate Equa-
tion.—Evidently equation (7) transforms into the
Guggenheim equation when B = 0. Now B re-
duces to zero under any of the three conditions, vz.,
(1) ¢ = nior (2) By = d; or (3) the atoniic polariz-
ability which has been neglected in the above
derivation is assumed to be equal to B.

We can write our exact equation (7) also in the
following modified form

3.!1[2 O(e b k2n2)]
d1(51 + 2)? l: dw, ° (10)

= (a + 2)/(n* + 2)

If ¢ = #nl, we have
etz Lawm—™], Ay

(6) E. A, Guggenheim, “Thermodynamics,”* Second Edition, North
Holland Publishing Co., Amsterdam, 1850, p. 172.

(7) W. B. Everard, R, A, W. Hill and L. E. Sutton, Trens. Faraday
Soc., 48, 417 (1950).

P2n=B+

where

3M.
Py = =2

which is exactly the same as the final modified
Guggenheim equation of Smith (Smith’s equation
9

Comparative Calculations by the Guggenheim
Equation and Our Exact Equation (7).—We have
recalculated all data of Few and Smith® in the two
solvents benzene and dioxane and the results are
shown in Table I. Values of ay, Gy and v, which
have been obtained by statistical least square
calculation of A/w; on the actual data, were not
available in Smith? and Few and Smith,? have also
been included.

It would be seen that our calculated values using
all the three equations (1), (6) and (9) show ex-
cellent agreement with those of the original authors.
It is clear therefore that the Guggenheim-Smith
procedure which in effect neglects the contribution
in our B-term in our exact equation (9) must be in
error by at least this amount which is about half
to one unit in benzene and a few units in dioxane.
An extreme case may be cited to show the danger
of an indiscriminate use of Guggenheim procedure.
P, for tribromodimethylaniline in dioxane calcu-
lated according to our equation (9) is 25.79 cc. (Py,
= B4+ A4 - (C =602+ 3889 — 19.12 = 25.79)
as against the original authors® value 24.89, whereas
Guggenheim procedure would lead to an error of
about 239, because the B-term alone contributes
6.02 cc. in this case. The error is higher, the more
¢ differs from #? or the smaller ) becomes. Simi-
lar conclusions have been arrived at recently by
Iyengar' from an assumption of linear dependence
of specific volume on concentration by purely
algebraic method.

In the same table we have included a calculation
of trimethylamine with data from Barclay, Le
Févre and Smythe!! because Guggenheim? using the
same data obtained a ‘‘surprisingly” low result
(P2u = 15.4). It is evident from our calculations
that by neglecting B, P, is bound to be low by
about one unit; the remaining part of the dis-

(8) A. V. Fewand J. W. Smith, J. Chem. Soc., 753 (1949).

(9) A. V. Few and J. W. Smith,, ibid., 2663 (1949).

(10) B. R. Y. lyengar, Current Science (India), 19, 282 (1950).

(11) G. A. Barclay, R. J. W. Le Févre and B. M. Smythe, Trans.
Faradey Soc., 46, 812 (1850).
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crepaticy is of course due to his using a slightly
lower value of ay.

It may be pointed out that our Py, values cal-
culated from the different equations, (1), (7),
{9} or {10), the last being not included in the table,
show excellent agreement among themselves.
Equation (7), (9) or (10) though essentially the
sane equation, does not, however, give exactly
identical values because of statistical treatinent of
data to obtain the limiting slopes.

Sniith has obtained agreement in such cases
wlere ¢ # #n; by applying a number of simplified
equations. It can be shown easily by an analysis
ot the above data on 4, B and C that the agree-
ment is fortuitous. For example, we caunot
neglect B for aniline in dioxane because B is about
$+.7% of P; and so, if we neglect B and put the
atomic polarization, Pa = 0.05R the errors cancel
each other.

In unother case, he makes the simplification

Py = e .:“i‘uéy,'._.. — [D.(.é o _}7.,24} (121
s {a + 2)(n? + 2) Ows g L=
and obtains fairly good agreement. Comparing

this with our complete equation (equ. 7) it is seen
that he is neglecting B and to compensate for
that he is increasing the 4 term by dividing by
e -+ 2)(n} 4+ 2) instead of with (g + 2)?
ald is decreasing the  term by the sanie procedure
which also increases Py, to a smaller extent. It
just happens that in this case these two increments
nearly cancel the error made by neglecting B.

Question of Solution Density Measurements.-- -
The attractive feature of the Guggenheim—Smith
equation, however, could be retained without per-
ceptibly sacrificing accuracy. This can be done by
neglecting Bo/d;, i1 comparison to unity in the B-
term in equation (7). In such a case no solution
density measurements are required and the equa-
tion takes the forni

. 7734"117‘\;
di(nf + 2)?
(13}

-P"p — 341[2(614-£,' :)/.1[;1110

- . : "
: di{er + 2 nt + 20 7 dile + 2)2

The error by such approximation would hardly
exceed 19; under verv unfavorable conditions and
would usually be less than 0.2 unit of orientation
polarization even in solvents like dioxane. At
any event this simplified B-term can be calculated
for any solvent and the effect of neglecting 8, can be
easily judged because By generally lies between
—0.3 to +0.3. In case it seems rather risky to
neglect S, it is safe to take density measurement
correct to onlv 19, for oue solution and caleulate
(d — dy)/w. and use the same valwe for 3,, The
error would be hardly appreciable.
Conclusions.—From the above discussion it is
now possible to conclude that for caleculations of
wpy it is best to directly employ equation (1) as
suggested by Palit and Banerjee,® the value of
(0p/dws)y being obtained by least square analysis
by expressing p in the form, p = p + bws. -+ cwl.
For obtaining P;, by simultaneous measurement
of dielectric counstant, refractive index and density
it is advisable to use the complete equation in
cither of the forms of equation {8) or equation (7)
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or equation (10), the first one being a little simpler
in computation. In case it is intended to avoid
solution density measurements, equation (13)
should be used, which would usually give results
within a few tenths of a unit. However, if great
precision is aimed at without series of solution
density measurements, it is advisable to take one
solution of concentration nearabout the mean of
the whole range studied and to measure its density
correct to only 19, and therefrom to calculate
{d — dy)/w, which is used as By in equation (7).
The difference in the calculated P,, would bc
hardly perceptible. Another method of making
a fairlv good estimate of 3, from refractive measure-
ments alone would be to use equation (4),
being known from bond refraction tables; by the
same principle, if 8y is determined in one solvent
it is possible to calculate its value in other solveuts
by using this equation.
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2-Methyl-2-monoalkylaminopropyl Aromatic
Heterocyclic Carboxylates!

By J. SravtoN P1ERCE AND HENRY A, RUTTER, JR.

RECRIVED ApPrIL 16, 1052

Esters of 2-amino-2-monoalkylainino-1-proparnols
with alkoxybenzoic acids,? alkoxycinnamic acids,
hydrocinnamic acids, alkoxvhvdrocinnamic acids?®
and p-aiminobenzoic acids' have been prepared for
use as local anesthetics.  Since several thiophene,
furan and pyridine analogs of soue benzene-con-
taining local anesthetics have been found to have
some activity,® it seemed advisable to prepare a
few esters of 2-methvl-2-monoalkylamino-1-pro-
panols with furoic acid, nicotinic acid and 2-thio-
phenecarbexylic acid.

2-Methyl-2-monoalkylaminopropyl furoates were
prepared by condensing the alkanolamines with
inrovl chloride, with no solvent, and were isolated
as the hydrochlorides. The corresponding 2-thio-
phenecarboxylate hyvdrochlorides were formed fromn
the alkanolamine hydrochlorides with 2-thiophene-
carboxylyl chloride, with no solvent. 2-Methyl-2-
n-amylaminopropyl nicotinate was prepared by the
reaction, in chloroform solution, of nicotinyl chlo-
ride hvdrochloride and the alkanolamine hydrochlo-

‘17 Ackuowledgment is mnade to Dr. 1!, mmet Reid, Research
Adviser to the Chemistry Departmect of the University of Richmond,
for Itis advice in this work.

(2) T, 8. Pierce, J. M. Salsbury, W. W. Haden and L. 11
T11s JOURNAL, 64, 2884 ¢1942),

73y J. S, DPierce, R, I). Guuo and J. M. Lakeman, bid., 70, 255
S1487.

i1} S D. Goldberg and W. I Whitmore, ibil., 59, 2280 (1037;.

{5y {a) W. Steinkopf and W. Ohse, C. A., 18, 2138 {1924); Anun.,
437, 14 (1924); (b} Henry Gilman and R. M. Pickens, THIS JOURNAL,
47, 245 (1925;; (¢» P. &G Meushakov, C. 4., 83, 6442 (1930); Buil
bial, med expti. USSR 4, 269 (1937); (d) G. A, Levy and H. B,
Nisbel, J. ¢ hews. Nov., 1053 (1938); (e) R. R. Renshaw and P IP
Dreishach, L. S, Pateut 2,189,404 {1940); {f) R. R. Regshaw und P. F.
Dreisbach, 1". 8, Patent 2,194,587 (1940); (g) R. R. Renshawand P. I
Dreisbach, U &, Patent 2. 169,839 (1940); (h) F. F. Blicke anud E. L
Jenner, THis JoUkxaL, 64, 1721 (1942); ) M. C Chiang and W, H.
Hartung, J. Ore. Crem., 10, 26 (1945); () A. L. Mndzhoyan, €. A,
&1, 2033 (1947); 7. Ges, Chem. (U.S.5.R), 16, 751 (1948); (1 k.
Campaigne amd W, M. LeSuer, Turs JourNaL, 70, 3498 (1948;.
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