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A Study of the Diffusion of Glycolamide in Water at 25° with the Gouy Interference
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Using an iniproved Gouy diffusiometer, the concentration dependence of the differential diffusion coefficient of glycol-

amide in water has been measured from O to 4 molar.

Relative viscosity measurements are included to allow Gordon’s

equation to be tested for this system. Limiting values of the diffusion coefficient and refractive increment per mole for
glycolamide are compared with corresponding values for its isomer, glycine, and the differences are discussed in terms of

electrostriction.

In a recent publication! Longsworth has reported
diffusion coefficients for a setries of amino acids, but
diffusion data for the uncharged isomers of these
compounds have not been available for comparison.
The purpose of this paper is to present diffusion
measurements as a function of concentration for
glycolamide, the uncharged isomer of glycine, and
thus provide additional information on the effect
of molecular polarity. It has been shown? that
polarity reduces the partial molal volume, V;, of
a solute because of electrostriction of the solvent by
the charged solute molecules. Among relatively
non-polar molecules a decrease in V; correlates with
a smaller molecular volume in solution and an
increase in the diffusion rate, but as Longsworth!
points out dipole-dipole interaction between solvent
and solute may increase the size of the diffusing
aggregate thereby reducing the diffusion coefficient
of a polar molecule. Electrostriction of the solvent
by the solute should also cause glycine to have a
greater specific refractive index increment than
glycolamide. Both these hypotheses are borne
out by the experimental data which follow.

As in earlier diffusion studies®—® of two-component
systems, relatively small concentration increments
were used to ensure that differential values of the
diffusion coefficient, D, are obtained, and il is
believed that these values are correct to within

0.1%.
Experimental

Equipment.—The measurements reported in this study
were made with equipment previously described,®4? but
for increased rigidity, precision and versatility the following
modifications have been incorporated which will also allow
the apparatus to be used for either the Gouy or integral
fringel®® methods.

1. A new light source assembly consisting of a Gaertner
L1164 bilateral slit, filter holder, condenser lens and lamp
house was constructed with these elements mounted in, or
bolted on the ends of, a brass tube 2.5 inches in diameter.
Bearings on the tube allowed rotation of the slit from a ver-
tical to a horizontal position, and for focusing movement of
the assembly along the optic axis was facilitated by mounting
it on a lathe bed. The housing of the AH4 mercury lamp,
used in conjunction with a 77A Wratten filter to isolate the
green mercury line, was water cooled to prevent vertical
movement of the slit due to heating of the slit mount. For
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ease in alignment the mount was constructed to give adjust-
ment in both vertical and horizontal planes.

2. To give greater reproducibility of the optical b dis-
tance and improved masking of the photographic plate a new
camera was built and mounted, as was the source slit, on a
lathe bed fixed between the I beams of the diffusion appara-
tus. The position of this bed relative to the I beams and
the bath window mountings could be checked easily to
better than 0.001 inch by means of stainless steel measuring
rods fitting between contact points imbedded in the appara-
tus. The camera, photographic technique and plate-
holder have been previously described .t

3. To obtain reproducible positioning of the diffusion
cell, the cell-frame was kinematically suspended? on 3/,~inch
square brass bars which formed part of a rigid framework
bolted directly to the I beams.

Diffusionreference corrections, §,and therefractometer cor-
rections, 8’, were obtained by averaging measurements of
6 and 3 sets of photographs, respectively. Two reference
exposures were made for each diffusion or refractometer pic-
ture, with one taken before and one after the exposure
through the cell. Values of § employed in the calculation of
D were obtained from a smooth graph of experimental &
values versus the glycolamide concentration. In no experi-
ment was the maximum deviation from the mean greater
than 3 microns. A graph of 8’ versus concentration gave a
straight line with an average deviation of one micron and
in one instance the plot was used to obtain a value for 8’.

Previous papers’® have adequately described both the ex-
perimental technique and the method employed to calculate
D. Measurements of the optical distance, b, during the
course of these diffusion experiments yielded values from
307.85 t0.307.88 cm., this small change with time being
due to slight inelastic sagging of the cross bars supporting
the cell frame. Ten diffusion pictures were taken during
each experiment and values of D’ were computed from either
the first 6 or 8 minima using the Airy integral refinement? of
the quarter wave approximation. It has been shown!! that
this refinement is adequate when more than fifty fringes are
employed. Mean deviations of the experimental points
from the least squared lines obtained by plotting D’ against
the reciprocal of ¢’ ranged from ==0.017 to +=0.078%,. The
bath temperature, which at all times was within a hundredth
of a degree of 25°, remained constant to ==0.002° during
the course of each experiment. Observed diffusion coeffi-
cients, D, at each absolute temperature T, were corrected
to 25.00,° using the Stokes-Einstein relation (Dn/T)wo =
(Dn/T)exp where 5 is the viscosity of water.

Solutions.—Glycolamide crystals prepared from ethyi
glycolate!? by the ammonolysis procedure of Gucker and
Ford!® were recrystallized twice with centrifugal drainage
from absolute ethanol, and then dried for six hours at 60°
in vacuo. The total yield of purified material was 789%,.
On further heating under the same conditions a sample of
this product gave a loss in weight of only 1 part in 10,000.
A portion of the above sample was recrystallized a third
time, and using a calibrated thermometer melting points of
the second and third recrystallizations were both found
to be in the range 115.7-115.9°, in agreement with the value
of 115.8° obtained by Stokes.!* Refractive index measure-
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ments relative to water on both the above samples gave
values of An/AC equal to 9.308 X 103 in experiments where
0.2500 N glycolamide diffused into water.

Solutions of glycolamide, molecular weight 75.068, were
prepared by weight with air-saturated, doubly-distilled
water as solvent. Molarities, C, were calculated from the
weight percentages in vacuo and the density data of Gucker
and Ford!?

d = 0.997074 + 0.019065C — 0.000129C2 C < 4.5 (1)

Viscosity Measurements.—Using an Ubbelohde type
viscometer with a water flow time of 283.2 sec., relative
viscosities were determined on portions of the solutions made
up for diffusion. In each case calculation of the relative
viscosity required a small kinetic energy correction term.
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Fig. 1.—The concentration dependence of diffusion coef-
ficients of glycolamide and glycine in water at 25°: O,
experimental values, - - - -, equation (7); —, equation

(5).

Results

Values of the diffusion coefficients, D, obtained

at mean concentrations C (Ci + G)/2 and
concentration increments AC = C; — C, are tabu-
lated in column 5 of Table I. To obtain suitable
precision most of the experiments reported were
designed to give approximately 100 fringes, but to
assist in the evaluation of the limiting diffusion
coefficient two experiments giving fewer fringes
were made. To represent the experimental diffu-
sion coefficients the method of least squares was
used to obtain the quadratic expression

D X 105 = 1.142; — 0.0956,C + 0.00410:C? C <

with an average deviation of +0.08%.

Refractive increments per mole were calculated
using the relationship An/AC = Ajm/(aAC) where
Jm is the total number of fringes, A is the wave
length, 5460.7 A., of the green mercury line and a
is the cell thickness, 2.486; cm. These refractive
index increments of glycolamide, column 3, which
are referred to the refractive index of air as unity,
may be represented by the equation

4 (2)
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(An/AC) X 108 = 9.312 — 0.056,C + 0.0021,C? C < 4
. 3)
with an average deviation of +0.049.
TABLE I
DirrusioN COEFFICENTS OF GLYCOLAMIDE IN WATER, T =
25.00,°
1 2 3 4 5 6 7
D Dy
X 108, X 105,
- An/AC cm’ [l_l_cdlny cm.?
C AC X 103 At sec. sec. 1
0.06004 0.1200g 9.310 18.5° 1,136 0.9994  1.1444
.1000g .20000 9.306 3.8  1.1343 9999  1.147g
.1249g%  .2409g 9.308 7.0  1,130g 9988  1.1463
.4995 .24009 9.282 91.9° 1.0944 9979  1.157s
.99983 .2501g 9.255 9.4  1.0499 .998¢  1.1707
2.0001g .2409g 9.209 2.8 0.968g  1.0163  1.194g
2.9996] .2509g 9.152 8.1  0.8925 1.0522  1.208g
3.9999g 24993 9.127 10.2  0.825; 1.0959 1.234p

e The glycolamide for this experiment was part of the
sample that had been three times recrystallized. * This
starting time correction was obtained using a single pronged
capillary. In all other experiments a double pronged capil-
lary was used to sharpen the boundary. ¢ This large value
probably indicates a disturbance of the initial boundarv
while withdrawing the capillary from the cell. Since D
from this experiment is consistent with values obtained in
other experiments, it seems that unusually large values of
At, while undesirable, do not necessarily invalidate an ex-
perimet.

The measured relative viscosity data are re-
produced by the cubic equation
et = 1 + 0.104sC + 0.0084:C% + 0.0013,C* C < 4.2
4
with an average deviation of +=0.06%,.

Discussion
Diffusion coefficients of dilute sucrose solutions
are represented® accurately by the semi-empirical
equation of Gordon?

D= DOI:1+ cdln

]/ﬂre\ )

where Dy is the limiting value of D as C - 0,
y is the activity coefficient of the solute on the
molarity scale and e is the macroscopic relative
viscosity of the solution. This equation is similar
to that proposed by Onsager and Fuoss'® except
that the change in mobility, /C, with concentra-
tion is approximated by the reciprocal of 7.
If experimentally determined values of D, nq and
(1 + Cd In y/dC] are substituted into equation 5
the resulting values of Dy will be constant if this
equation is valid.

The extent of the deviations for glycolamide are
shown in column 7. Similar deviations have been
observed for urea, glycine and potassium chloride.*-*
In computing column 7, relative viscosities were
obtained from equation 4, and the thermodynamic
factor, [1 + C d In y/d(], column 6, for glycol-
amide was calculated from the isopiestic data of
Stokes,!* by least squaring his experimental osmotic
coefficients, ¢, to obtain the analytical expression
in terms of molality, m

¢ = 1 — 0.033im + 0.0040;m? — 0.00025;m® m < 5.5
(6)
with an average deviation of =0.069%,. It is inter-

esting to note that on the molarity scale glycol-

(15) A. R. Gordon, J. Chem. Phys., B, 522 (1937).
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amide is thermodynamically ideal up to one molar,
i.e., the factor [1 4+ C d In ¥/dC] of the Onsager—
Fuoss diffusion equation® is approximately equal to
one,

Relative contributions of the factors in Gordon's
relation are seen for glycolamide in Fig. 1 where the
experimental points, represented by circles, were
extrapolated to C = 0 to obtain D, for computing
predicted values of D (solid line) from equation 5.
The contribution of the thermodynamic term alone
(dashed line) was obtained from

D = Do[1 + CdIn y/dC] (7)

For comparison Fig. 1 also presents corresponding
data for glycine derived from previous isopiestic,?
density,® viscosity!® and diffusion* measurements.
While for both compounds deviations from
Gordon’s equation are somewhat similar, the graph
of D versus C for glycolamide has the smaller
limiting slope, making for more ideal diffusion.
Since the limiting diffusion coefficient for glycine
is lower than that for glycolamide, it is evident that
the moving aggregate is larger for the former com-
pound, in agreement with the concept of electro-
striction. The magnitude of the effects of dipole-

(17) E. R. Smith and P. K. Smith, J, Biol. Chem., 117, 209 (1937),
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153 (1939).
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dipole interaction is better seen by comparing equa-
tions 2 and 3 with the equations of Lyons and
Thomastfor glycine at 25° in the form

D X 10 = 1.063; — 0.192,C (8)
and
(An/AC) X 108 = 13.614 — 0.64C (9)

Electrostriction, which makes the partial molal
volume and partial molal heat capacity of glycine
smaller than those of glycolamide,'® is seen to
produce an inverse effect on the limiting values of
An/AC,
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The Chemical Thermodynamic Properties of 3-Methylthiophene from 0 to 1000°K.!
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An experimental study has been made of various thermodynamic properties of 3-methylthiophene in the solid, liquid and
vapor states (12 to 473°K.). The entropy of the liquid at 298.16°K., 52.18 = 0.10 cal. deg.~! mole~!, was computed from
measured values of the heat capacity of the solid and liquid and the heat of fusion (2518 cal. mole~! at the triple point,
204.19 =& 0.05°K.). Experimental results obtained for the heat capacity of the liquid [Cyata], the heat of vaporization
[AH,], the heat capacity in the ideal gaseousstate {C;], and the second virial coefficient [B = (PV — RT)/P] arerepresented
by the empirical equations: (1) Ciaa(liq.) = 46.074 — 0.17610 T + 6.8006 X 10-4T2 — 6.8021 X 10773, cal. deg.~! mole~1
(207 to 337°K.); (2) AH, = 13,593 — 13.913 T, cal. mole~1(329 to 389°K.); (38) Cy = —1.375 + 9.4508 X 102 T —
4,2587 X 108 T2, cal. deg.~! mole—! (875 to 473°K.); and (4) B = 75 — 94.56 exp (1000/7"), cc. mole=1 (329 to 473°K.).
From determinations of the heat of combustion, the standard heat of formation [AHfY (liq.)] of 3-methylthiophene from
graphite, hydrogen and rhombic sulfur was found to be 10.49 = 0.20 kcal. mole-1 at 208.16°K. Calorimetric, spectroscopic
and molecular structure data were used to compute the functions (F° — Hy)/T, (H® — H)/T, H° — H;, S° and C} at
selected temperatures from O to 1000°K. The height of the potential barrier to internal sotation (ca. 600 cal. mole—1)
required for these calculations was evaluated from the experimental entropy and vapor heat capacity data. Values of
AHY, AF7 and logwK,, for the formation of 3-methylthiophene in the ideal gaseous state from graphite, hydrogen and
gaseous diatomic sulfur, were computed from the thermodynamic functions and appropriate calorimetric data.

purpose of these investigations is to provide accu-

An investigation of the chemical thermodynamic
rate data for key members of the important families

properties of thiophene? initiated the experimental

and computational program conducted in this Lab-
oratory to obtain thermodynamic data for organic
sulfur compounds that occur in crude petroleum or
are produced in refining processes. The primary

(1) This investigation was performed as part of American Petroleum
Institute Research Project 48A on the "Production, Isolation and Puri-
fication of Sulfur Compounds and Measurements of their Properties,”
which the Bureau of Mines conducts at Bartlesville, Okla., and Lar-
amie, Wyoming.

(2) University of Lund, Lund, Sweden.

(8) G. Waddington, J. W. Knowlton, D, W, Scott, G, D. Oliver, S. S.
Todd, W. N, Hubbard, J. C. Smith and H. M. Huffman, TH1S JOURNAL,
T1, 797 (1949).

of sulfur compounds. These data will then be used
to construct, by approximate statistical mechanical
methods,* relatively complete tables of the chemical
thermodynamic properties of organic sulfur com-
pounds.®

This paper presents the results of detailed studies
of the thermodynamic properties of 3-methylthio-

(4) E.g., (8) K, S, Pitzer and J. E. Kilpatrick, Chem. Revs., 89, 435
(1946); (b) J. E. Kilpatrick, E. J. Prosen, K. S, Pitzer and F. D.
Rossini, J, Research Natl. Bur. Standards, 36, 559 (1946).

(8) The compilation and tabulation of selected values of the proper-

ties of organic sulfur compounds will be part of the program of Ameri-
can Petroleum Institute Research Project 44,



