This article was downloaded by:

On: 23 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

International Journal of Polymeric Materials
Publication details, including instructions for authors and subscription information:
| http://www.informaworld.com/smpp/title~content=t713647664

Polymer-Solvent Interaction from Gas-Liquid Chromatography. Initial

Experiments with Open Tubular Columns
R. N. Lichtenthaler?; J. M. Prausnitz?
* Department of Chemical Engineering, University of California, Berkeley, California, U.S.A.

To cite this Article Lichtenthaler, R. N. and Prausnitz, J. M.(1975) 'Polymer-Solvent Interaction from Gas-Liquid
Chromatography. Initial Experiments with Open Tubular Columns', International Journal of Polymeric Materials, 4: 1, 67

To link to this Article: DOI: 10.1080/00914037508072348
URL: http://dx.doi.org/10.1080/00914037508072348

PLEASE SCROLL DOWN FOR ARTICLE

Full terns and conditions of use: http://wwinformworld.coniterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or nmake any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clains, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this nmaterial.



http://www.informaworld.com/smpp/title~content=t713647664
http://dx.doi.org/10.1080/00914037508072348
http://www.informaworld.com/terms-and-conditions-of-access.pdf

14: 08 23 January 2011

Downl oaded At:

Polymer-Solvent Interaction from
Gas-Liquid Chromatography.
Initial Experiments with Open
Tubular Columnst

R. N. LICHTENTHALER and J. M. PRAUSNITZ

Department of Chemical Engineering, University of California, Berkeley
California, U.S.A.

Open tubular columns coated with polymer above its glass transition temperature have
been used for measuring polymer-solvent interactions with gas-liquid chromatography.
Consideration is given to the effect of polymer-film thickness on polymer-solvent inter-
action. Experimental retention volumes are reported for a number of solvents with poly
(isobutylene) at 75°C and with poly(dimethylsiloxane) at 70°C and compared with those
obtained using packed columns.

1 INTRODUCTION

Gas-liquid chromatography (GLC) shows much promise as a technique for
rapid measurement of polymer-solvent interactions in highly concentrated
polymer solutions. Several recent articles have discussed application of the
method.}=5 At the present time thermodynamic measurements with GLC
are made exclusively in packed columns, where the polymer is coated onto a
solid support. These columns are easy to prepare with an accurately known
amount of polymer. Their primary disadvantage is that the maximum
attainable film thickness is only about 1000 A, which is the order of magnitude
of the length of a polymer molecule. The important question therefore arises
whether the interactions in such a thin polymer film are the same as those in
a bulk polymer. It is likely that the degree of order in a thin film of polymer,
adsorbed on a solid support, is different from that of a bulk polymer.

To determine the effect of polymer-film thickness on polymer-solvent

tPresented at the Midland Macromolecular Meeting on *‘Order in Polymer Solutions”,
August 20-24, 1973.
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interactions, thermodynamic measurements with GLC in open tubular
columns may be helpful. These columns are prepared by coating the polymer
onto the inside wall of a small bore tube; no granular packing material is
used. The film thickness in these columns is about [-10 x 10¢ A and can
be varied systematically.8 However, it is difficult to determine the exact
amount of stationary phase in the column. Therefore open tubular columns
have rarely been used for thermodynamic measurements,?.8 but so far agree-
ment was found always with packed columns. However, polymers were not
used for any of these measurements. Recently Newman® made a few pre-
liminary experiments using open tubular columns coated with polymers.
His results did not lead to a clear conclusion concerning possible effects of
the polymer-film thickness on polymer-solvent interaction.

In this work we report some initial studies which suggest that activity
coefficients measured in open tubular columns are in agreement with those
measured in packed columns provided proper corrections are made for the
effect of carrier-gas flow rate.

2 EXPERIMENTAL

2.1 Apparatus

The gas chromatograph used was a Varian Aerograph 1520 equipped with a
Hamilton 86800 injector and a Carle model 1000 micro thermistor detector; a
schematic diagram is shown in Figure 1. Column-oven temperature was
controlled by a Hallikainen Instrument thermotrol to within +-0.1°. Flow of
helium carrier gas was measured at the outlet by a soap bubble flowmeter and
controlled by a Negretti and Zambra precision regulator valve. Pressure at
the inlet and outlet was measured to within 0.1 mm with a mercurymano-
meter. Liquid solutes were injected through a silicone rubber septum using
a 1 pl Hamilton syringe.

2.2 Preparation of columns

In the packed columns the stationary phases were coated onto Chromosorb P
or onto Chromosorb W (both AW-DMCS) by dissolution in chloroform or
toluene, mixing, and slow evaporation. When constant weight was attained,
the coated support was packed into 1.5 m of 0.635 cm stainless-steel tubing.
The average polymer-film thickness is calculated from the volume of the
polymer and the surface area of the support.

Preparation of open tubular columns and their use is discussed in detail
by Ettre.1¢ In this work we used stainless-steel columns, i.d. 0.075 cm, 20 meters
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long, with a wall thickness of 0.038 cm. Before coating the columns were
carefully cleaned with several solvent washes as described by Mon.11 The
dynamic method of coating was chosen, and Figure 2 shows a schematic
diagram of the apparatus used for this procedure. In this method about
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FIGURE 1 Gas chromatographic apparatus. Reprinted from Ref. (5) by courtesy of the
American Chemical Society.
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FIGURE 2 Schematic diagram of the dynamic method of coating open tubular columns
with the liquid phase.
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10 ¢cm3 of a dilute polymer solution (6-10 wt 9 of polymer in chloroform or
toluene) are placed in the reservoir and pushed through the column with
nitrogen at about 0.5 atm gauge. Continued nitrogen flow dries the polymer
solution which adheres to the tube wall, leaving a coating of polymer. A
10 cm3 portion of the coating solution is put through the column as many
times as it takes to obtain a film thickness of the order of 10* A. The amount
of polymer in the column is determined by careful weighing of the column
before and after coating. A suitable high-precision balance is required because
the weight of the column itself is several orders of magnitude larger than
that of the adhering polymer. By careful handling and drying of the column
in an oven, weighings reproducible to +0.4 mg (i.e., +-0.59;) were obtained.

The average film thickness for the columns is calculated from the volume
of polymer and the inside surface area of the tube.

Table I shows details of column preparation. We have no guarantee that
we have a completely uniform coating of the open tubular columns. How-
ever, the variation in polymer film thickness for these columns is probably
no worse than that for packed columns.

2.3 Stationary phases and solutes

Poly(isobutylene) (1\7n = 5.3 x 10%) was obtained from Enjay Chemical Co.,
and poly(dimethylsiloxane) (M, = 6 X 10%) was obtained from Cellomer
Corp., Webster, N.Y. The solutes used were reagent grade materials obtained
from standard supply sources. Since solute purity is not of major importance
in these measurements, they were used without further purification.

Solute sample size was kept as small as possible, to avoid overloading of
the columns. For the packed columns the samples were always less than
0.1 ul and for the open tubular columns samples of the order of 0.01 pl were
used because of the small column volume. Variation of the sample size did not
affect the peak maximum retention time.

2.4 Data reduction

Patterson, Tewari, Schreiber and Guillet3 have discussed how activity
coefficients may be obtained from quantities measured by GLC. Their
equation is

In v1® — In ( 273.2R ) P1%(Biy — V1) 0

7E T AP v Mo RT

where subscript 1 refers to the volatile component and supscript 2 refers to
the polymer, 1% is the infinite-dilution activity coefficient based on mole
fraction, Mz is the molecular weight, R is the gas constant, P1% is the saturation
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vapor pressure at temperature T, V1 is the liquid molar volume at T, V% is
the specific retention volume corrected to 0°C, and B is the second virial
coefficient if pure 1 at T.

Patterson et al.3 point out that the activity coefficient given by Eq. (1) is
not convenient for polymer-solvent systems since the polymer molecular
weight must be accurately known and the logarithm of the activity coefficient
tends to — oo as M2 —oo, They propose the following equation based on
weight fraction w:

al\® 273.2R ) Pq#
n®=In|—})=Ih|—"—=|)—- (B11—V 2
n @ = In (m) n <P1S o)~ grBn- )@
where Q% is the weight fraction activity coefficient at infinite dilution. Either
of these equations may be used to calculate the Flory-Huggins interaction
parameter.
The quantity Vg0 in these equations is given by

273.2 fy
Vi = 0t o T2 ©

T W,
where Q is the volumetric carrier gas flow rate at column outlet temperature
and pressure, cm3/min; (fr - 7) is the retention time, i.e., the time difference
between air and solvent peaks, in min; 7 is the column temperature, °K;
W is the weight of polymer in the column, g; and f}, is the pressure correction

terml!2
NGO
Io = E((?i/Poﬁ — 1> @

where P; is the inlet pressure and Py is the outlet pressure.

To determine the effect of the polymer-film thickness it is not necessary to
calculate the activity coefficients, but it is sufficient to compare the specific
retention volumes.

3 RESULTS AND DISCUSSION

At a given temperature the GLC-measurements were performed at various
flow rates for a variety of solvents. Equation (3) was used to calculate the peak
maximum retention volumes. Figure 3 shows the flow rate dependence of the
specific retention volume for PIB at 75°C obtained with the open tubular
columns together with the packed column results reported by Newman.?
For all three solvents V¥ increases with decreasing flow rate of the carrier
gas. To obtain the “real” retention volume, one has to extrapolate to zero
flow rate in order to assure that equilibrium was obtained. For this purpose
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FIGURE 3 Flow rate dependence of the specific retention volume Vg for poly(isobutylene)
— hydrocarbon systems at 75°C (numbers 3 and 4 refer to the column code in Table I.

Newman simply used a linear extrapolation. However, at very low flow rates
V¢ should not be a function of the flow rate, i.e., the intercept with the
ordinate in Figure 3 should be reached with zero slope. For extrapolation to
zero flow rate we therefore propose?

Ve = aexp(—b Q) (5

where g and b are constants characteristic for each polymer-solvent pair. If
the flow rate dependence of V¢° is given by Eq. (5), a plot of In V,° versus Q2
must be a straight line; this was obtained for the three solvents used in this
work as shown in Figure 4. At least at flow rates below 7 cm3/min Eq. (5) is
valid; this is precisely the range which is most important for extrapolation
to zero flow rate. The flow rate dependence according to Eq. (5) is also shown
in Figure 3 (dashed lines). Equation (5) gives better agreement with the
experimental values than the simple linear function. The difference of the
“real” V¥ obtained by linear and non-linear extrapolation is for all three
solvents only slightly larger than the experimental error (+2.5% at flow
rates below 1 cm3/min). Nevertheless, non-linear extrapolation should be

t A more detailed discussion of Eq. (5) is given in the Appendix.
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FIGURE 4 Flow rate dependence of the specific retention volume V5 for poly(isobutylene)
— hydrocarbon systems at 75°C (numbers 3 and 4 refer to the column code in Table I).

preferred on principle. There is no effect of the polymer-film thickness on the
determined retention volumes observed, although the thicknesses of the
PIB film of the two open tubular columns differ by about a factor two. How-
ever, the retention volumes Newman obtained with packed columns are
considerably lower than our values. The thickness of the PIB film in Newman’s
packed column was 4.6 x 102 A, i.e., by a factor of 100 less than in our open
tubular column. Hence one is tempted to attribute the discrepancy of the
results to the difference in the film thickness. But this conclusion is tentative
as we do not know how good Newman’s packed column results are. At 50°C,
for example, Newman has observed flow rate dependence, not, however, at
75°C. Our open tubular column results indicate a strong flow rate dependence
also at 75°C. It is difficult to understand why a similar effect is not present in
packed columns. If there was flow rate dependence which Newman failed to
recognize, his results must be too low (as they seem to be) and the discrepancy
could be explained. This presumption is confirmed by the results for the
PDMS systems, which are shown in Table II. The measurements in the open
tubular columns were performed at various flow rates. There appears to be no
dependence of V? on the flow rate. Table II also reports specific retention
volumes obtained with packed columns. The results from both types of
columns agree fairly well, although the open tubular column results are mostly
somewhat lower. The average film thickness in the packed column was about
4.6 x 102 A, whereas both open tubular columns had a film thicker than
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2 x 104 A. Again one may conclude that the lower values obtained with the
open tubular columns are due to the difference in the film thickness.

For both polymers used in this work we therefore believe that there is an
effect of the polymer-film thickness on polymer-solvent interactions, although
this conclusion might be premature. To confirm this conclusion more experi-
mental results at various temperatures will be necessary.
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Appendix

For the calculation of activity coefficients from the experimentally determined
retention volumes one needs In V0. Also, theory suggests that In V0 should
be a nearly linear function of 1/T. Therefore, In VY rather than V? appears
to be the preferred variable. We suggest that

Ve == e~ 0(Q (A])

where g(Q) is a function of the flow rate. For extrapolation to zero flow rate
the low flow rates are of special interest; g(Q) is therefore written as a Taylor
seriesat 0 = 0

Q ’ 2 [
Q) =50 + 2810 + 2 'O + .. (A2)
The slope of the Vg° vs. Q dependence at zero flow rate should be zero,
(dV/dQ)g—o = 0. From this condition it foliows that g’(0) = 0. Combining
Eq. (A1) with Eq. (A2) and neglecting terms higher than Q2 (we are extra-
polating to Q = 0), one obtains:

V" = exp[— g(0) — 4g"(0)Q7] (A3)
This equation is the same as Eq. (5) in the text where g = e~ 9®
and b = g”(0)/2. Neglecting higher terms than Q2 may explain why Eq. (5)
fails at higher flow rates.



