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Figure 4.2 Comparison of activity versus weight fraction for benzene in PCL, PEG (1000)/ PCL
(5000), PEG (5000)/ PCL (5000), PEG (5000)/ PCL (1000), and PEG at 298.15 K. Solid curves

refer to fits to Equation 13

30



0.60
050 | A X n
c 0.40
s ' X
@
o
o
S
o X
© 0.30 +
2
>
3]
<
0.20 |
0.10 |
0.00 : : : . . . .
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16

Weight fraction of Dichloroethane

OPEG PCL WPEG (1000)/ PCL (5000) APEG (5000)/ PCL (1000) X PEG (5000)/ PCL (5000)

Figure 4.3 Comparison of activity versus weight fraction for DCE in PCL, PEG (1000)/ PCL
(5000), PEG (5000)/ PCL (5000), PEG (5000)/ PCL (1000), and PEG at 298.15 K. Solid curves

refer to fits to Equation 13
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Figure 4.4 Comparison of activity versus weight fraction for chloroform in PCL, PEG (1000)/
PCL (5000), PEG (5000)/ PCL (5000), PEG (5000)/ PCL (1000), and PEG at 298.15 K. Solid

curves refer to fits to Equation 13
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Figure 4.5 Comparison of activity versus weight fraction for DCM in PCL, PEG (1000)/ PCL
(5000), PEG (5000)/ PCL (5000), PEG (5000)/ PCL (1000), and PEG at 298.15 K. Solid curves

refer to fits to Equation 13
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Table 4.6 Parameters used in the Flory-Huggins model

System X Awi
Benzene-PEG 2.631 0.001
Benzene-PEG (5000)/PCL (1000) 1.263 0.001
Benzene-PEG (5000)/PCL (5000) 1.233 0.001
Benzene-PEG (1000)/PCL (5000) 0.933 0.001
Benzene-PCL 0.884 0.002
DCE-PEG 2.159 0.001
DCE-PEG (5000)/PCL (1000) 0.979 0.002
DCE-PEG (5000)/PCL (5000) 0.868 0.003
DCE-PEG (1000)/PCL (5000) 0.629 0.003
DCE-PCL 0.711 0.001
Chloroform-PEG 1.474 0.002
Chloroform-PEG (5000)/PCL (1000) 0.331 0.001
Chloroform-PEG (5000)/PCL (5000) 0.217 0.002
Chloroform-PEG (1000)/PCL (5000)
-0.044 0.003
Chloroform-PCL 0.039 0.004
DCM-PEG 1.651 0.001
DCM-PEG (5000)/PCL (1000) 0.6 0.002
DCM-PEG (5000)/PCL (5000) 0.295 0
DCM-PEG (1000)/PCL (5000) 0.245 0.003
DCM-PCL 0.363 0.001
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Figure 4.6 Chi parameter vs. weight fraction of PCL in the copolymer

An interesting trend was observed when a plot of chi parameter (polymer solvent
interaction parameter used in Flory-Huggins model) versus weight fraction of either of the
homopolymer in the copolymer is plotted. The plot between chi parameter for the four solvents
and weight fraction of PCL in the copolymer system PCL (1000)/ PEG (5000), PCL (5000)/ PEG
(5000), PCL (5000)/ PEG (1000), PCL and PEG show that as the weight fractions of PCL
increased, there is a decrease in the chi parameter values for most of the solvents. The figure 4-6

shows the trend.
35



1.0

0.9 | DG
X
0.8 |
0.7 | X
=
5 06 |
S
o X
f) 0.5 | X
S X X X
> 04} X B
= °
[&]
< 03} o
0.2 ¢
) X
°
0.1 |
[
0.0 : : : : : : : :
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Weight fraction of chloroform

® Experimental data X Literature data

Figure 4.7 Comparison of literature data and experimental data for activity versus weight fraction

plot for chloroform in PEG at 298.15 K

4.2 Discussion

It was noted earlier that, for several runs, the formation of a second polymer-containing
phase occurred at higher solvent weight fractions than reported here. Figure 4-7. shows phase
behavior of chloroform + PEG as determined by Booth et al.”®at 298 K. Our data for this

system, including an additional data point not reported in Table 4-4, are shown for comparison.
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It is clear from Figure 4-7 that a second polymer-containing phase begins to form for chloroform
weight fractions exceeding 0.038. The current technique, as can be seen in Figure 4-7, can
determine that a second phase is formed. However, the resulting activity-weight fraction
measurements are not quantitatively correct, for the second phase appears to be a viscous liquid
and the technique assumes that the polymer film is a solid extension of the quartz crystal.
Resistance measurements support this claim as large resistances indicate viscoelastic effects?® in
the polymer film. For the runs shown here, the resistance was approximately 10 ohms for the
single-phase measurements but over 200 ohms after the second phase began to form. The
conclusion is that the present technique is accurate if the polymer is inertially coupled to the
piezoelectric surface and does not exhibit viscoelasticity to a significant extent. Thus, we have
reported measurements only for the cases where the resistance is very small, on the order of 10
ohms. Many of the systems included here are expected to exhibit phase splitting as the Flory-

Huggins model leads to phase instability when?*

51 (1+ : )2 20)

A

where r = V>/V1 is the ratio of molar volumes. This condition is met by about half of the systems
examined here. This can be considered as the limitation of the experimental apparatus to collect

the respective maximum data points for each of the solvents.
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CHAPTER 5: CONCLUSION AND FUTURE WORK

5.1 Conclusion

Based on the results of the comparison of literature data and experimental data for PIB
polymer, we can conclude that the present equipment setup has the capability to study various
polymer-solvent interactions. Solubilities of benzene, dichloroethane, chloroform, and
dichloromethane in polyethylene glycol (PEG), polycaprolactone (PCL), and their copolymers
(PEG/PCL) at 298.15 K are reported in the form of activity versus weight fraction data and are
represented by the Flory-Huggins equation to within experimental accuracy. The QCM
technique is shown to identify when phase splitting occurs, and only data for which a single
polymer-containing phase exist are reported as the technique is inapplicable when viscoelastic

effects are present, as when phase splitting occurs.

5.2 Future Work

Future work consists of repeating the same experiment for triblock copolymers like
PCL (5000)/ PEG (5000)/ PCL (5000) and PCL (10,000)/ PEG (5000)/ PCL (10,000) and
observing whether they behave similarly to diblock copolymers or not. The other possibility of
future work would be to use the present QCM setup to measure diffusion coefficients or to study

systems of two solvents and one polymer.

38



REFERENCES

. King, W. H., Piezoelectric Sorption Detector. Analytical Chemistry 1964, 36, (9), 1735-
1739.

Masouka, H., N. Murashige, and M. Yorizane, Fluid Phase Equilibria., 1B, 155 (1984).

. Woodruff, M. A.; Hutmacher, D. W., The return of a forgotten polymer—
Polycaprolactone in the 21st century. Progress in Polymer Science 2010, 35, (10), 1217-
1256.

. Shen-Guo, Wang, and Qiu Bo. "Polycaprolactone-Poly (ethylene Glycol) Block
Copolymer, I: Synthesis and Degradability in Vitro." Polymers for Advanced
Technologies 4.6 (1993): 363-66.

. Wong, H. C.; Campbell, S. W.; Bhethanabotla, V. R., Sorption of Benzene,
Dichloromethane, and 2-Butanone by Poly (methyl methacrylate), Poly (butyl
methacrylate), and Their Copolymers at 323.15 K Using a Quartz Crystal Balance.
Journal of Chemical & Engineering Data 2016, 61, (11), 3877-3882.

. Wong, H. C.; Campbell, S. W.; Bhethanabotla, V. R., Sorption of benzene, toluene and
chloroform by poly(styrene) at 298.15 K and 323.15 K using a quartz crystal balance.
Fluid Phase Equilibria 1997, 139, (1-2), 371-389.

. Wong, H. C.; Campbell, S. W.; Bhethanabotla, V. R., Sorption of benzene,
tetrahydrofuran and 2-butanone by poly (vinyl acetate) at 323.15 K using a quartz crystal

balance. Fluid Phase Equilibria 2001, 179, (1-2), 181-191.

39



10.

11.

12.

13.

14.

Wong, H. C.; Campbell, S. W.; Bhethanabotla, V. R., Sorption of Benzene,
Dichloromethane, n-Propyl Acetate, and 2-Butanone by Poly (methyl methacrylate), Poly
(ethyl methacrylate), and Their Copolymers at 323.15 K Using a Quartz Crystal Balance.
Journal of Chemical & Engineering Data 2011, 56, (12), 4772-47717.

Koleske, J. V., and R. D. Lundberg. "Lactone Polymers. I. Glass Transition Temperature
of Poly-E»>-caprolactone by Means on Compatible Polymer Mixtures." Journal of
Polymer Science Part A-2: Polymer Physics 7.5 (1969): 795-807.

Pitt, C. G.; Jeffcoat, A. R.; Zweidinger, R. A.; Schindler, A., Sustained drug delivery
systems. |. The permeability of poly(epsilon-caprolactone), poly (DL-lactic acid), and
their copolymers. J Biomed Mater Res 1979, 13, (3), 497-507.

Inada, Yuji, Katsunobu Takahashi, Takayuki Yoshimoto, Ayako Ajima, Ayako
Matsushima, and Yuji Saito. "Application of Polyethylene Glycol-modified Enzymes in
Biotechnological Processes: Organic Solvent-soluble Enzymes.” Trends in
Biotechnology 4.7 (1986): 190-94.

Sauerbrey, G., Use of oscillating quartz for weighing thin layers and for microwaving.
Magazine for Physics April 1959, 155, (2), 206-222.

Mikkilineni, Siva Prasad, Alan Tree, and Martin High. Thermophysical Properties of
Penetrants in Polymers via a Piezoelectric Quartz Crystal Microbalance. N.p.: J. Chem.
Eng. Data, 1995.

Rodahl, Michael, Fredrik Hook, Anatol Krozer, Peter Brzezinski, and Bengt Kasemo.
"Quartz Crystal Microbalance Setup for Frequency and Q-factor Measurements in
Gaseous and Liquid Environments.” Review of Scientific Instruments 66.7 (1995): 3924-

930.

40



15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Panayiotou, C.; Vera, J. H., Thermodynamics of Polymer-Polymer-Solvent and Block
Copolymer-Solvent Systems I. Experimental Measurements. Polym J 1984, 16, (2), 89-
102.

Wen Hao, H. S. E., P. Alessi, Polymer Solution Data Collection. 1992; Vol. XIV.
Booth, C.; Gee, G.; Holden, G.; Williamson, G. R., Studies in the thermodynamics of
polymer-liquid systems. Polymer 1964, 5, 343-370.

Tsonopoulos, C., An empirical correlation of second virial coefficients. AIChE Journal
1974, 20, (2), 263-272.

Meng, L.; Duan, Y.-Y., Prediction of the second cross virial coefficients of nonpolar
binary mixtures. Fluid Phase Equilibria 2005, 238, (2), 229-238.

Dymond, J. H.; Smith, E. B., The virial coefficients of pure gases and mixtures: a crit.
compilation. Clarendon Pr.: Oxford, 1980.

(NIST), N. I. 0. S. a. T. Antoine Equation Parameters. http://webbook.nist.gov/chemistry/
(08/24/2016).

Stephen Martin, Victoria Edwards Granstaff and Gregory C. Frye, “Characterization of
a Quartz Crystal Microbalance with Simultaneous Mass and Liquid Loading”, Anal.
Chem. 63 (1991) 2272.

Diethelm Johannsmann, “Viscoelastic Analysis of Organic Thin Films” on quartz
resonators”, Macromol. Chem. Phys. 200(1999)501.

Prausnitz, J. M. L., Rudiger N.; de Azevedo, Edmundo Gomes, Molecular
Thermodynamics of Fluid-Phase Equilibria- Third edition. Third ed.; Prentice Hall: New

Jersey, 1998.

41


http://webbook.nist.gov/chemistry/

APPENDIX A: ADDITIONAL INFORMATION

The detailed information regarding the sorption process by LabView software is listed

below in this section. Each of the bubblers has one solvent each and they are represented as

Bubbler 1- Benzene, Bubbler 2- DCE, Bubbler 3- Chloroform, Bubbler 4- DCM. The standard

deviation in frequency, resistance and weight fraction are also calculated by the LabView

software. The LabView software automates the overall experiment by controlling the flow of

nitrogen to the bubblers and collecting the valid data points in the form of resistance, frequency,

weight fraction and the deviations in each of them. The acceptable resistance range was from 10-20

ohms for the runs done here.

Table A.1 Metadata file for sorption of benzene in PEG at 298.15 K

Time Bubbler Event Resistance | Resistance | Frequency | Frequency | Weight Weight
mean standard mean standard fraction fraction
deviation deviation standard
deviation
203.3483 1 Purge 11.801 0.026 4994195.580 0.499
394.4904 1 1 11.874 0.024 4994193.120 0.558 0.001 0.000
561.1811 1 2 11.919 0.028 4994190.680 0.471 0.002 0.000
735.7326 1 3 11.955 0.027 4994188.140 0.535 0.004 0.000
891.9772 1 4 12.004 0.029 4994185.460 0.579 0.005 0.000
1023.909 1 5 12.056 0.029 4994182.800 0.452 0.006 0.000
1178.593 1 6 12.114 0.026 4994179.480 0.505 0.008 0.000
1333.19 1 7 12.192 0.030 4994176.180 0.482 0.009 0.000
1524.278 1 8 12.272 0.026 4994172.460 0.542 0.011 0.000
1695.67 1 9 12.379 0.027 4994168.300 0.544 0.013 0.000
1812.417 1 10 12.473 0.030 4994163.940 0.424 0.015 0.000
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Table A.2 Metadata file for sorption of DCE, chloroform and DCM in PEG at 298.15 K

Time Bubbler | Event | Resistance | Resistance | Frequency | Frequency | Weight Weight
mean standard mean standard | fraction fraction
deviation deviation standard
deviation

138.577 | 0.000 | Baseline 10.289 0.026 4998349.160 0.510 - -
1392.450 | 1.000 Purge 16.679 0.032 4997661.640 0.485 - -
1530.592 | 1.000 1.000 17.018 0.029 4997656.480 0.505 0.007 0.001
1662.583 | 1.000 2.000 17.246 0.035 4997650.240 0.476 0.016 0.001
1771.766 | 1.000 3.000 17.497 0.032 4997644.280 0.454 0.025 0.001
1944.769 | 1.000 4.000 17.712 0.035 4997637.920 0.528 0.033 0.001
2064.750 | 1.000 5.000 17.939 0.030 4997631.400 0.495 0.042 0.001
2306.003 | 1.000 6.000 18.168 0.035 4997624.140 0.452 0.052 0.001
2406.225 | 1.000 7.000 18.174 0.035 4997616.400 0.535 0.062 0.001
2506.297 | 1.000 8.000 18.009 0.031 4997605.560 0.541 0.075 0.001
2682.332 | 1.000 9.000 18.296 0.041 4997591.900 0.416 0.092 0.001
2814.464 | 1.000 10.000 19.558 0.039 4997577.080 0.488 0.110 0.001
2998.004 | 2.000 Purge 16.818 0.031 4997661.680 0.551

3236.208 | 2.000 1.000 17.206 0.035 4997651.580 0.499 0.014 0.001
3325.646 | 2.000 2.000 17.622 0.035 4997641.420 0.538 0.029 0.001
3413.606 | 2.000 3.000 17.910 0.028 4997630.500 0.505 0.043 0.001
3594.100 | 2.000 4.000 18.099 0.034 4997618.900 0.463 0.059 0.001
3704.892 | 2.000 5.000 18.012 0.033 4997606.460 0.503 0.074 0.001
3867.222 | 2.000 6.000 17.917 0.037 4997591.940 0.424 0.092 0.001
4037.187 | 2.000 7.000 18.136 0.036 4997575.080 0.488 0.112 0.001
4307.623 | 2.000 8.000 18.994 0.036 4997555.620 0.530 0.134 0.001
4512.461 | 3.000 Purge 16.768 0.031 4997661.260 0.600

4797.607 | 3.000 1.000 17.641 0.028 4997634.320 0.551 0.038 0.001
4931.193 | 3.000 2.000 18.087 0.034 4997607.200 0.571 0.073 0.001
5266.953 | 3.000 3.000 17.960 0.032 4997577.920 0.528 0.108 0.001
5412.782 | 3.000 4.000 18.666 0.040 4997546.080 0.444 0.143 0.001
6090.093 | 3.000 5.000 23.649 0.041 4997496.340 0.519 0.193 0.001
6272.200 | 4.000 Purge 17.084 0.036 4997660.740 0.600

6471.065 | 4.000 1.000 17.944 0.034 4997638.700 0.544 0.031 0.001
6622.900 | 4.000 2.000 17.963 0.035 4997615.920 0.601 0.061 0.001
6950.774 | 4.000 3.000 18.209 0.035 4997590.860 0.405 0.092 0.001
7196.638 | 4.000 4.000 19.943 0.035 4997563.920 0.488 0.123 0.001
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Table A.3 Metadata file for sorption of benzene, DCE, chloroform, and DCM in PCL at 298.15

K
Time Bubbler | Event Resistance | Resistance | Frequency | Frequency | Weight Weight
mean standard mean standard | fraction fraction
deviation deviation standard
deviation

185.285 1.000 Purge 12.302 0.030 4999315.300 0.544 - -
400.901 1.000 1.000 12.186 0.029 4999295.780 0.507 0.005 0.000
499.615 1.000 2.000 12.146 0.031 4999276.500 0.505 0.010 0.000
601.341 1.000 3.000 12.145 0.029 4999256.340 0.557 0.016 0.000
757.563 1.000 4.000 12.136 0.027 4999234.180 0.596 0.021 0.000
1004.741 1.000 5.000 12.112 0.027 4999210.380 0.567 0.027 0.000
1114.113 1.000 6.000 12.107 0.026 4999185.780 0.465 0.034 0.000
1399.501 1.000 7.000 12.096 0.029 4999156.800 0.606 0.041 0.000
1577.040 1.000 8.000 12.125 0.029 4999125.360 0.525 0.048 0.000
1891.394 1.000 9.000 12.174 0.028 4999087.920 0.444 0.057 0.000
2207.105 1.000 10.000 12.335 0.030 4999045.900 0.505 0.067 0.000
2422.538 2.000 Purge 11.822 0.026 4999314.320 0.471

2893.357 2.000 1.000 11.891 0.029 4999276.440 0.787 0.010 0.000
3029.965 2.000 2.000 11.891 0.029 4999235.680 0.794 0.021 0.000
3177.230 2.000 3.000 11.949 0.031 4999193.700 0.763 0.031 0.000
3403.480 2.000 4.000 12.030 0.029 4999149.060 0.586 0.042 0.000
3542.976 2.000 5.000 12.110 0.028 4999101.780 0.679 0.054 0.000
3741.800 2.000 6.000 12.231 0.031 4999047.900 0.544 0.067 0.000
4120.178 2.000 7.000 12.559 0.029 4998979.900 0.505 0.082 0.000
4331.394 2.000 8.000 13.091 0.030 4998892.880 0.594 0.101 0.000
4530.140 3.000 Purge 11.752 0.032 4999313.440 0.611

5477.755 3.000 1.000 11.743 0.031 4999206.760 1.021 0.028 0.000
5595.233 3.000 2.000 11.882 0.031 4999095.140 0.670 0.055 0.000
5865.813 3.000 3.000 12.159 0.030 4998979.880 0.773 0.082 0.000
6564.341 3.000 4.000 12.752 0.031 4998843.900 0.707 0.112 0.000
7511.943 3.000 5.000 15.881 0.031 4998508.600 3.194 0.177 0.001
7796.847 4.000 Purge 11.086 0.029 4999311.460 0.542

8033.452 4.000 1.000 11.492 0.029 4999220.160 0.792 0.024 0.000
8229.082 4.000 2.000 11.836 0.028 4999129.820 0.560 0.046 0.000
8526.228 4.000 3.000 12.337 0.029 4999033.440 0.644 0.069 0.000
9265.582 4.000 4.000 13.208 0.031 4998909.500 0.580 0.097 0.000
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Table A.4 Metadata file for sorption of benzene, DCE, chloroform and DCM in PEG (5000)/

PCL (1000) at 298.15 K

Time Bubbler | Event Resistance | Resistance | Frequency Frequency | Weight | Weight
mean standard mean standard fraction | fraction
deviation deviation standard
deviation
103.844 1.000 Purge 16.473 0.031 5000937.880 0.521
319.989 1.000 1.000 16.518 0.031 5000926.580 0.499 0.009 0.001
472.412 1.000 2.000 16.459 0.029 5000916.340 0.593 0.016 0.001
558.239 1.000 3.000 16.412 0.034 5000905.240 0.476 0.025 0.001
670.863 1.000 4.000 16.349 0.036 5000893.720 0.497 0.033 0.001
770.090 1.000 5.000 16.293 0.030 5000881.400 0.571 0.042 0.001
857.566 1.000 6.000 16.229 0.034 5000868.640 0.663 0.051 0.001
1002.688 1.000 7.000 16.186 0.032 5000853.760 0.476 0.061 0.000
1298.917 1.000 8.000 16.111 0.031 5000837.240 0.625 0.072 0.001
1455.965 1.000 9.000 16.100 0.034 5000817.900 0.463 0.085 0.000
1592.313 1.000 10.000 16.116 0.036 5000796.380 0.567 0.098 0.001
1761.116 2.000 Purge 16.311 0.035 5000936.300 0.544
2098.692 2.000 1.000 16.383 0.032 5000913.900 0.735 0.017 0.001
2205.325 2.000 2.000 16.367 0.037 5000890.520 0.707 0.034 0.001
2306.047 2.000 3.000 16.338 0.032 5000867.160 0.584 0.051 0.001
2449.687 2.000 4.000 16.286 0.033 5000842.400 0.571 0.067 0.001
2602.172 2.000 5.000 16.255 0.037 5000817.100 0.544 0.084 0.001
2722.165 2.000 6.000 16.233 0.032 5000790.220 0.582 0.101 0.001
2848.006 2.000 7.000 16.211 0.035 5000761.660 0.593 0.119 0.001
3044.951 2.000 8.000 16.216 0.033 5000728.160 0.548 0.138 0.000
3305.578 3.000 Purge 16.367 0.034 5000936.280 0.454
3618.178 3.000 1.000 16.366 0.031 5000877.200 0.606 0.044 0.001
3763.234 3.000 2.000 16.353 0.034 5000816.180 0.596 0.085 0.001
3927.694 3.000 3.000 16.296 0.035 5000757.060 0.620 0.121 0.000
4133.398 3.000 4.000 16.307 0.031 5000699.560 0.787 0.154 0.001
4426.400 3.000 5.000 16.362 0.034 5000613.940 0.767 0.199 0.000
4645.481 4.000 Purge 16.432 0.037 5000935.620 0.490
4907.568 4.000 1.000 16.427 0.031 5000882.460 0.542 0.039 0.001
5049.704 4.000 2.000 16.436 0.028 5000834.520 0.707 0.072 0.001
5197.798 4.000 3.000 16.380 0.032 5000790.380 0.567 0.101 0.000
5356.297 4.000 4.000 16.382 0.031 5000745.320 0.513 0.128 0.000
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Table A.5 Metadata file for sorption of benzene, DCE, chloroform, and DCM in PEG (1000)/

PCL (5000) at 298.15 K

Time Bubbler Event Resistance | Resistance | Frequency | Frequency | Weight | Weight
mean standard mean standard | fraction | fraction
deviation deviation standard
deviation

103.844 1.000 Purge 16.473 0.031 5000937.880 0.521

319.989 1.000 1.000 16.518 0.031 5000926.580 0.499 0.009 0.001
472.412 1.000 2.000 16.459 0.029 5000916.340 0.593 0.016 0.001
558.239 1.000 3.000 16.412 0.034 5000905.240 0.476 0.025 0.001
670.863 1.000 4.000 16.349 0.036 5000893.720 0.497 0.033 0.001
770.090 1.000 5.000 16.293 0.030 5000881.400 0.571 0.042 0.001
857.566 1.000 6.000 16.229 0.034 5000868.640 0.663 0.051 0.001
1002.688 1.000 7.000 16.186 0.032 5000853.760 0.476 0.061 0.000
1298.917 1.000 8.000 16.111 0.031 5000837.240 0.625 0.072 0.001
1455.965 1.000 9.000 16.100 0.034 5000817.900 0.463 0.085 0.000
1592.313 1.000 10.000 16.116 0.036 5000796.380 0.567 0.098 0.001
1761.116 2.000 Purge 16.311 0.035 5000936.300 0.544

2098.692 2.000 1.000 16.383 0.032 5000913.900 0.735 0.017 0.001
2205.325 2.000 2.000 16.367 0.037 5000890.520 0.707 0.034 0.001
2306.047 2.000 3.000 16.338 0.032 5000867.160 0.584 0.051 0.001
2449.687 2.000 4.000 16.286 0.033 5000842.400 0.571 0.067 0.001
2602.172 2.000 5.000 16.255 0.037 5000817.100 0.544 0.084 0.001
2722.165 2.000 6.000 16.233 0.032 5000790.220 0.582 0.101 0.001
2848.006 2.000 7.000 16.211 0.035 5000761.660 0.593 0.119 0.001
3044.951 2.000 8.000 16.216 0.033 5000728.160 0.548 0.138 0.000
3305.578 3.000 Purge 16.367 0.034 5000936.280 0.454

3618.178 3.000 1.000 16.366 0.031 5000877.200 0.606 0.044 0.001
3763.234 3.000 2.000 16.353 0.034 5000816.180 0.596 0.085 0.001
3927.694 3.000 3.000 16.296 0.035 5000757.060 0.620 0.121 0.000
4133.398 3.000 4.000 16.307 0.031 5000699.560 0.787 0.154 0.001
4426.400 3.000 5.000 16.362 0.034 5000613.940 0.767 0.199 0.000
4645.481 4.000 Purge 16.432 0.037 5000935.620 0.490

4907.568 4.000 1.000 16.427 0.031 5000882.460 0.542 0.039 0.001
5049.704 4.000 2.000 16.436 0.028 5000834.520 0.707 0.072 0.001
5197.798 4.000 3.000 16.380 0.032 5000790.380 0.567 0.101 0.000
5356.297 4.000 4.000 16.382 0.031 5000745.320 0.513 0.128 0.000
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Figure A.1 Frequency-time curve for sorption of benzene in PEG (5000)/ PCL (1000) at 298.15
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Figure A.2 Frequency-time curve for sorption of DCE in PEG (5000)/ PCL (1000) at 298.15 K
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Figure A.3 Frequency-time curve for sorption of chloroform in PEG (5000)/ PCL (1000) at

298.15K
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Figure A.4 Frequency-time curve for sorption of DCM in PEG (5000)/ PCL (1000) at 298.15 K
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Figure A.5 Frequency-time curve for sorption of benzene in PEG (1000)/ PCL (5000) at 298.15
K
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Figure A.6 Frequency-time curve for sorption of DCE in PEG (1000)/ PCL (5000) at 298.15 K

49




5000900

5000850

5000800

=
=S
)
£ 5000750
=
o
e
LL

5000700 -

5000650

5000600 1 1 1 1 1 1 1 1
3600 3700 3800 3900 4000 4100 4200 4300 4400 4500

Time (s)

== Chloroform

Figure A.7 Frequency-time curve for sorption of chloroform in PEG (1000)/ PCL (5000) at

298.15K
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Figure A.8 Frequency-time curve for sorption of DCM in PEG (1000)/ PCL (5000) at 298.15 K
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Figure A.9 Frequency-time curve for sorption of benzene in PCL at 298.15 K
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Figure A.10 Frequency-time curve for sorption of DCE in PCL at 298.15 K
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Figure A.11 Frequency-time curve for sorption of chloroform in PCL at 298.15 K

4997680

4997660

4997640 ‘

4997620 -

4997600

Frequency (Hz)

4997580

|
1
|

4997560 e ~

4997540 ' ' ' ' ' '
6400 6500 6600 6700 6800 6900 7000 7100
Time ()

e DCM

Figure A.12 Frequency-time curve for sorption of DCM in PCL at 298.15 K
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Figure A.13 Frequency-time curve for sorption of DCE in PEG at 298.15 K
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Figure A.14 Frequency-time curve for sorption of chloroform in PEG at 298.15 K
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Figure A.15 Frequency-time curve for sorption of DCM in PEG at 298.15 K
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