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We present values of the self-diffusion coefficients at°25of four hydrocarbonsntpentanen-hexane,
cyclohexane, ana-xylene) at saturation concentrations in (heavy) water. To calculate the corresponding
values for the series af-alkanes, we suggest two alternative scaling relations for the dependence of the
self-diffusion coefficients on the molecular weights of tir@lkanes. The scaling relations are “calibrated”
using the value presented fofpentane.

Introduction hydrocarbons dispersed in the aqueous hydrocarbon solutions.
Finally, 200uL of the solutions were carefully transferred to
susceptibility matched NMR tubes (BMS-005, Shigemi, Tokyo),
by means of a syringe. The samples were taken from close to

The translational motion as quantified by the value of the
self-diffusion coefficients @) of hydrocarbons in water is an
important parameter in the theory of Ostwald ripening. the bottom of the glass vials.

Experimentally derived self-diffusion coefficients are also All of the experiments were carried out at 25 on 300 (for

important experimental data in the context of molecular dynam-
. . . . .__cyclohexane and-xylene) and 500 (fon-pentane and-hexane)
ics simulations, as they can be used to calibrate the potentials
, . . MHz Bruker DRX 300 and DMX 500 spectrometers, respec-
used in the simulatiorts. . ; . : .
Tracer data for water diffusion is available for a number of tively. Inv_erse detection probes witkgradient coils were used.
. . The gradient strengths were 0.05 T (mA)t 300 MHz and
different water/hydrocarbon paitsHowever, due to the low 1 .
. . NI 0.07 T (mA) ! at 500 MHz, respectively.
solubility of hydrocarbons in water, very few self-diffusion Hah ho diffusi ) Zerdi icall
coefficients of hydrocarbons in water have been reported in the ahn-echo diffusion experiments were u eing typically .
literature. As far as we have been able to ascertain, onl values2 ms rectangular gradient pulses and 70 ms between the leading
for methéné and benzerfeare available. Both of the’se v)élues edges of the gradient pulses. The gradient amplitude was varied
were obtained by means of the NMR. ulsed aradient spin and typically 15 values were used in one determination. To avoid
echo (PGSE) mgthobl P 9 P saturation of the receiver by the high intensity of the water peak
To improve the sit Iat'on e present in this paper data for (from HOD), the water resonance was presaturated by means
th Ilf%iﬁv ion tl L215°IC ?4% ar Irb nl ptp turation of soft pulses prefixed to the Hahn sequence. The waiting time
€ sell-ditusion & N ydrocarbons at saturatio between successive accumulations was set td;10he low

concentration in BO: o-xylene, cyclohexane}-pentane, and o : :
- . solubility of the hydrocarbons in water made it necessary to
n-hexane. The data were obtained using the PGSE NMR methOduse extensive signal accumulation. For the compound with the

at 300 and 500 MHz. Based on the data obtained, we sugges " . .
i - ; owest solubility, n-hexane, approximately 30 h of signal
values for the self-diffusion coefficients ofalkanes in water averaging was used.

E;g‘r%(:iggngg?;tl'j?;fwfeoiéht:e dependence Bnon the The values c_>f the diffusion coefficients were obtained by
least-squares fits of eq 1 to the data

Experimental Section E\(K) = o kD @
Materials. The hydrocarbons used were obtained from

Nacolai Tesque (Kyoto) (cyclohexane amg@entane) and Sigma  Here Ex(K) is the (normalized) NMR signal intensity atd=

(St. Louis, MO) 6-xylene andn-hexane). They were all of the  (y0 g)(A — 6/3) wherey is the gyromagnetic rati@, the length

highest quality available. f» was from Isotec Inc. (Miamis-  of the gradient pulses) is the distance (from leading edge to

burg, OH). leading edge) between the gradient pulsgsthe gradient
Methods. The samples were made as follows:((7.5 g) amplitude, and, is the diffusion coefficient. In writing eq 1 it

was transferred to a 20 mL glass vial containing a magnetic is assumed that the signal intensity of the data-point with zero

stirring bar. Next, 0.5 mL of the hydrocarbon was added, and gradient is unity.

the vial was tightly sealed. The mixture was stirred for 24 h,  Error analysis was performed using the Monte Carlo tech-

and allowed to separate for 48 h. A laser beam (635 nm) was nique as outlined in ref 8. All quoted errors correspond to an

shone through the samples. No scattering of the beam wasg0% confidence interval, taking only random errors into account.

observed, indicating that there were no large droplets of

Results and Discussion
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Tt \Water Igesear%h |nstitu(te_ @ ) The results obtained for the diffusion coefficients are given

*Lund University. in Table 1, where we also give some relevant physical properties
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TABLE 1: Obtained Values for the Diffusion Coefficients for Four Hydrocarbons in Water and Some Relevant Physical

Properties of the Studied Molecules

solubility? n’ Doui® Vv D R(A)
molecule (103 moles (kg water)?) (102 kg (ms) Y (109m2s™Y AR AY  (10°m2s1)  fromeq2, withC=4
n-pentane 0.53% 0.052 0.225 5.72 192.8/3.6 0.860.10 35
n-hexane 0.11a- 0.016 0.294 4.26 218.5/3.7 0.850.33 35
c-hexane 0.65% 0.107 0.95 1.42 180.5/3.5 0.470.06 3.9
o-xylene 1.6514+ 0.075 0.764 1.45 201.3/3.6 0.7200.06 4.3

2 Solubilities from ref. 11° Viscosities from ref. 14¢ Values of the diffusion coefficients for the pure liquids. Data from refs. 15 and 16 and

this work (0-xylene).? Molecular volumes from ref. 17 and radii froR
water.

of the studied molecules. It is interesting to note that the
diffusion coefficients in water are relatively similar for the
studied molecules, while the corresponding bulk values vary
considerably. This is due to fact that the viscosities of the bulk
liquids vary (cf. Table 1). The relation between the effective
hydrodynamic (or Stokes) radius of a diffusing molecuke,
(N.B. this is not necessarily equal to the molecular radius), the
viscosity, , and the diffusion coefficient is given by the
Stokes-Einstein equation:

kT
=— 2
CryR )
whereC is a constant that takes the value 4 or 6 for slip or
stick boundary conditions, respectivél\since the molecular
volumes of the studied molecules are reasonably similar, it
follows that their diffusion in water should be similar. We recall

that for moderate deviations from spherical shape, the transla-

tional diffusion coefficient is mainly determined by molecular
volume?? It should be noted that the StokeBinstein equation

= (3V/4n)'3, ¢ Diffusion coefficients of the hydrocarbons in (heavy)
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Figure 1. The predicted values of the self-diffusion coefficients for
n-alkanes ic denotes the number of carbons in the alkanes) using two
scaling relations betweeb and the molecular weight (see text for
details). Also included are experimental data fopentane and
n-hexane.

applies for spherical molecules diffusing in a continuum. This data point has considerably less error than thatbéxane). It
condition is somewhat violated in the present context, since the should also be mentioned that the data corresponds to that for
size of a water molecule is roughly half of the size of the water as we have multiplied the experimental data by the ratio
hydrocarbons studied. However, eq 2 is often used successfullyof the viscosity for water and heavy wate(o/nm,0 = 1.23)13
even in the description of diffusion of one-component liquids  Although the experimental data set needed to “calibrate” the
(such as water molecules diffusing in water). scaling relations is limited, we feel that the values of the
Unfortunately, it was not possible to obtain the diffusion diffusion coefficients fom-alkanes in water should be found

coefficient for n-heptane, the next member in the series of within the boundaries set by the two scaling relations. We note
n-alkanes, since its solubility is a factor of 40 lower than for that if the scaling relations are used to compute the value of
n-hexane* However, using the data forpentane and-hexane the self-diffusion coefficient for methane we obtain & 7.0~

we can produce a reasonable estimate for the values of them2s—1 (from D ~ MW(13) and 2.2x 107 m2s~1 (from D ~
diffusion coefficients for the series ofalkanes. We proceed  MW(1/2), respectively. Laaksonen and Stilbs have presented

in the following way. While eq 2 is expressed in terms of the values for the diffusion of methane in wafeThe value they
radius of the diffusing species, the relation between the (known) present at 25C is (2.2+ 0.2) x 10°® m%1, a value which

molecular volumey, andR is not obvious, as it depends on

lends support for the conjecture underlying the data in Figure

the molecular shape and intermolecular interactions. It should 1,

be noted though that the radii calculated from eq 2 @t 4

are reasonably close to the values obtained from the molecular
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