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Abstract − The activity coefficients and the partial molar excess properties( , , ) were measured by inverse gas chro-

matography(IGC) for the concentrated solvent(1)/PMA(2) systems containing poly(methyl acrylate)(PMA) at 313.15 K to

363.15 K. Ten Kinds of solvent(acetone, n-heptane, cyclohexane, chloroform, methylisobutylketone, trichloroethylene, benze-

new, toluene, ethylbenzene, chlorobenzene) that are important in the industrial field were chosen in this work. The external

degree of freedom of original UNIFAC-FV model was empirically modified as a C1=A+BT to predict the partial molar excess

properties in finitely concentrated polymer solutions. The parameters(A, B) were estimated by correlating the activities of sol-

vent with the modified UNIFAC-FV model and extended to predict the partial molar excess properties( , , ) of solvents

in finitely concentrated polymer solutions. The predicted values agreed with the experimental partial molar excess properties

within available error ranges.
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1. � �

��� �� ���, 	
�� 
�, �����, ��� � ���

��� ���� �  PMA  !"#$% &' ()* �+, -.��.

�% �/01�� 23$' �4 &� 56+ �7� �89 �:�

;* <% =>?@ A3B  C� &D E�. Poly(methyl acrylate)

F GH� �I#�J9K �8% LM� NOF GH� PQR' �

I#% S�TU0 V�019K WX� >Y* OZ: [�. A1 \

�]% P^M% D_' �� `1% a�* bcd^� �I# �/

`1* e#fdg h:K 
O@f Xi��. �j� PQR k�l 

=>?@ A3BF mnd  k go@f #.� L�p qr st


�F ��du v' wIx 0y3z$' �I#`1% 9{Da�*

:|d k WX� >Y* ��.

�I#�J% PQR* c1d  }~ W IGC}~[1]' PQR9 �

�d  \�� �' ��* �D� �� &' !"#$[2-6]9 %du

����+ [�. � !"% ()�  � c1}~9 %du ����

F � �J9K% �8% LM�NOF c1d  ���, �  Conder

� Purnell[7-10]9 %du ����, Patterson[11], Brockmeier �[12],

Choi �[13] �9 %du ����+ [�. ��, �I#�J% P^M

* ��Y O �  ��' ��d�, �J% functional group� gu9
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PMA ������ ��� 	
� ��
� 621
%� ��' �I# ASOG��[13], UNIFAC-FV[14], GCFlory EOS

[15]�� ��@7� ���� ��. ��9 Kim �[6]� �8(1)/�I

#(2)�JN9K ���|\ wIx ��=* N�dg h: UNIFAC-

FV ��* O1� � ��. C wIx 0y3z$% WX39� �"

d� �� ��% �I#�JN9K �F bcdg h� �N@f b

c��� s� � �D ¡d� ��.

� !"9K  PMA� 10�¢% ££ �8� "3¤ 23I �I#

�JN9K �8% ���� LM�NOF IGC}~* ��du c1d

�# ��. �F ��du wIx 0y3z$* v�, ¥w#��F ¦

§@7� ,�% HO� �¨� Kim �[6]% O1 UNIFAC-FV��*

©�� du PMAF GH� 23IN% wIx 0y3z* bcY O

� ��* �\d�# ��.�8% LM�NO9 %du O1 UNIFAC-

FV��% ª
4l(A, B)F m�d�, m�¤ ª
4l  ����%

�I#�JN9K �8% wIx 0y3z$( , , )* bcd  k

«�d�# ��.

2. � �

2-1. � �

10�¢% �8 ¬ �I#� �­�® �I#�JN% 0y=>? A

3BF c1dg hdu �I# poly(methylacrylate)(PMA) , AldrichChem-

ical�% A¯\°� ���;�.Q±I#²( )* GPC(Shimadzu,

CR4A)� I|� ³0, 4.0́ 104�;� ��µ�,�(Tg, glass transition

temperature) DSC(TA Instruments, DSC2010)� c1� ³0 283.15 K

� �¶·7� ,� -!3(temperature repeatability)  ̧ 0.1oC�;�.

�8 Aldrich Chemical�% acetone, n-heptane, cyclohexane, chloro-

form, methylisobutylketone, trichloroethylene, benzene, toluene, ethylben-

zene, chlorobenzene��, A¯\°7� 1� ¹� C�� ��dº�.

2-2. ���� � �	

�I#�JN9K �8% LM�NOF c1dg h� »§�B Chang

0 Bonner[16], Choi �[13]� ��� �0 ��d�, �¼�  Kim �

[5]% !"³09 �¶� ��. � !"9K  »§�B ¬ }~* �¼

d½ �¶¾;�. IGC(Shimadzu GC-14B) thermal conductivity detector

(TCD)� ���;�, carrier gas  ¿O� ÀÁ� ���;�. �8%

`¯' �=ÂÃ� ÄjÅf 1 l% Æ�	
�ÇF Èdu �­�É�,

��g�% �8% ��/Ê' oil bath(Cole-Parmer Instrument Co.)%

,� ËÌÍ9 %du �­�É�. GCF È0� ��g�% �8% V

Î9 ice condenser� ���;�,¿OÀÁ% �Ï' soap-bubble flow-

meter� c1�;�, column% ÐÌÑ"% ÒÓÔd Õ1' precision

pressure gauge9 %du �­�É�.

IGC9 %du �I#�JN% PQR* c1dg h:K  c1d�

# d  �I#% columnÖ×� ØZ��Ù ��. IGC column% Ú�

 Fluoropak 80(40/60 mesh)� ���;7�, coating ratio  9.41%�

�, PT� Ö×01' Kim �[5]% !"³09 KÛ�� ��. IGC9

��¤ column% �1Ü \�' 16\� �P�;�, IGC�% �8`

¯* hdu ×�� �d9K gÜ\Ý�. Oil bathF Þ�  ��g�

(ÀÁ+�8)% /3ßÜ  oil bath ,�F Ë�\à� ££% ,�9K

% �8% GÜËgÒ0 precicision pressure gauge� c1¤ ¿OÀ

Á% µÒ9 %: ³1�;�. ��g�� IGC9 !Ï@7� áj $

�� column� �1p <âD �ã% �Ï* �D\Ý�. Column� �

1¤ �* gäN9 %du «f� å 10µl micro syringe� 0.1-1µl

% �8� `gF IGCæÐ"9 æÐdu �8� ̀ g% retention time

(ts, ta)* v �. IGC9K �, �� g�  ice condenserF È0dç

K GH¤ �8� VÎ��, ¿O� ÀÁ' soap-bubble flowmeter9 %

: �²� c1¤�.

2-3. ��
��

� !"9K ��¤ »§�B  �I#�J9K ���| LM�NO

F c1dg hdu Kim �[5]� ��� �0 Mè� ���, �$9

%du »§�B  éêB[17, 18]� ×ëdu ìµ3� íË�;g <

é9 � !"9K% »§k�l% ìµ3 íË' î¼�;�. �I#�

J9K% �8% wIx 0y3z* c1dg h:K  �8% LM�

NO c1� ïØ��Ù ��. ð
K �$% ³1' Conder� Purnell

[7-10]% �ñ (1)-(4)_% P((N_9 %du �­�É�. IGC�wl

v' retention time0 ÀÁ% �²wl _ (1)* N���.

(1)

(2)

_ (1)9 %du �I#�J9K �8% W²Iò' �ñ _ (3)

(3)

7�wl ³1�;7�, g�P% ×�P3* �6� W²Iò gÖ

% �8% LM�NO  �ñ _ (4)9 %du ³1�;�.

(4)

�I#�J% �8% wIx 0y3z( , , )$' LM�NOF

��du �ñ0 ó' =>? (N_

(5)

(6)

H1
E
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E
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E
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Fig. 1. Temperature dependence on the activity coefficients based on
the weight fraction for cyclohexane(1)/poly(methyl acrylate)
(2) system.
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Table 1. Experimental activity coefficients and partial molar excess properties for solvent(1)/poly(methyl acrylate)(2) systems at each temperature

T(K) 353.15 363.15 373.15 383.15 393.15

Solvents w1 Ω1  Ω1  Ω1   w1 Ω1   Ω1   

Acetone 0.0304 6.40 9051.96 5448.50 10.20 5.90 9571.86 5359.74 11.60 5.42 10106.28 5244.56 13.03 0.0304 4.98 10655.215115.29 14.46 4.50 11218.66 4916.38 16.03

0.0423 5.39 8917.17 4944.67 11.25 4.99 9429.32 4854.62 12.60 4.52 9955.78 4712.19 14.05 0.0423 4.20 10496.544568.66 15.47 3.82 11051.60 4383.26 16.96
0.0551 4.63 9269.71 4496.91 13.51 4.32 9802.11 4419.85 14.82 3.94 10349.38 4252.42 16.34 0.0551 3.60 10911.524082.87 17.82 3.24 11488.52 3843.28 19.45

n-Heptane 0.0135 41.98 13272.06 10972.46 6.51 37.02 14034.3410903.64 8.62 32.09 14817.9110760.88 10.87 0.0135 28.79 15622.7610703.1 12.84 25.10 16448.8910534.53 15.04
0.0283 30.02 15874.63 9988.28 16.67 25.73 16786.39 9805.25 19.22 21.68 17723.61 9543.51 21.92 0.0283 19.34 18686.289435.16 24.14 16.10 19674.41 9083.58 26.94
0.0414 24.58 17419.58 9401.06 22.71 20.95 18420.08 9184.19 25.43 17.44 19448.50 8869.67 28.35 0.0414 16.13 20504.878670.64 30.89 12.45 21589.17 8243.21 33.95

Cyclohxane 0.0150 27.62 17315.89 9744.00 21.44 21.93 18310.43 9323.38 24.75 18.84 19332.74 9109.18 27.40 0.0150 16.29 20382.818889.16 30.00 13.91 21460.66 8605.05 32.70
0.0300 18.94 17689.17 8635.92 25.64 15.41 18705.15 8256.99 28.77 13.16 19749.49 7994.81 31.50 0.0300 11.17 20822.207686.63 34.28 9.48 21923.28 7351.52 37.06
0.0455 14.95 18446.09 7940.65 29.75 12.38 19505.54 7597.29 32.79 10.38 20594.58 7260.16 35.73 0.0455 8.65 21713.196874.33 38.73 7.35 22861.38 6518.01 41.57

Chloroform 0.0859 2.32 6781.19 2474.83 12.19 2.21 7170.67 2391.23 13.16 2.09 7571.02 2282.41 14.17 0.0859 1.95 7982.25 2130.79 15.27 1.78 8404.35 1888.30 16.57
0.1199 2.06 8419.46 2116.92 17.85 1.95 8903.04 2023.19 18.94 1.81 9400.11 1837.84 20.27 0.1199 1.65 9910.69 1596.90 21.70 1.49 10434.76 1306.15 23.22
0.1623 1.81 9642.98 1739.34 22.38 1.70 10196.83 1610.76 23.64 1.56 10766.14 1372.49 25.17 0.1623 1.40 11350.911076.38 26.82 1.25 11951.15 736.75 28.52

Methyl-isobutyl 0.1465 7.14 13863.08 5769.71 22.92 6.22 14659.31 5518.85 25.17 5.44 15477.77 5252.93 27.40 0.1465 4.78 16318.464985.64 29.58 4.17 17181.38 4666.32 31.83
ketone 0.1906 6.58 14868.86 5531.30 26.44 5.66 15722.85 5235.04 28.88 4.89 16600.69 4923.46 31.29 0.1906 4.26 17502.374617.40 33.63 3.70 18427.90 4278.33 35.99

0.2402 6.02 15200.66 5269.69 28.12 4.89 16073.71 4956.67 30.61 4.45 16971.14 4627.80 33.08 0.2402 3.84 17892.944283.87 35.52 3.368 18839.12 3956.37 37.86

Trichloroethylene0.1022 3.91 10431.01 4006.29 18.19 3.61 11030.12 3871.56 19.71 3.32 11645.95 3723.46 21.23 0.1022 2.95 12278.513443.85 23.06 2.62 12927.80 3144.44 24.88

0.1790 3.15 13075.06 3372.98 27.47 2.84 13826.02 3146.34 29.41 2.46 14597.95 2786.86 31.65 0.1790 2.21 15390.862521.33 33.59 1.90 16204.73 2104.03 35.87

0.2500 2.77 14817.01 2987.18 33.50 2.44 15668.03 2687.42 35.74 2.08 16542.80 2277.14 38.23 0.2500 1.84 17441.341945.71 40.44 1.56 18363.64 1446.05 43.03

Benzene 0.0576 5.99 12774.36 5253.54 21.30 5.32 13508.06 5046.34 23.30 4.73 14262.24 4819.84 25.30 0.0576 4.11 15036.904505.27 27.49 3.68 15832.06 4255.13 29.45

0.1193 4.34 15335.45 4309.89 31.22 3.82 16216.25 4043.65 33.52 3.23 17121.63 3639.70 36.13 0.1193 2.77 18051.613242.53 38.65 2.43 19006.18 2906.81 40.95

0.1818 3.43 16828.56 3617.56 37.41 2.97 17795.11 3282.41 39.96 2.51 18788.64 2858.52 42.69 0.1818 2.12 19809.172389.13 45.47 1.80 20856.68 1926.21 48.15

Toluene 0.1284 6.61 13645.34 5545.10 22.94 5.74 14429.06 5274.90 25.21 5.09 15234.66 5047.86 27.30 0.1284 4.46 16062.154760.11 29.50 3.89 16911.51 4435.88 31.73

0.1998 5.59 15014.02 5054.18 28.20 4.79 15876.35 4731.43 30.69 4.13 16762.76 4396.37 33.14 0.1998 3.58 17673.244063.75 35.52 3.14 18607.81 3735.74 37.83

0.2653 4.98 16133.85 4714.48 32.34 4.23 17060.50 4356.45 34.98 3.58 18013.02 3957.69 37.67 0.2653 3.12 18991.413627.02 40.10 2.66 19995.68 3203.28 42.71

Ethylbenzene 0.2279 8.31 16517.50 6217.46 29.17 7.00 17466.18 5874.90 31.92 6.03 18441.35 5575.58 34.48 0.2279 5.13 19443.015207.35 37.15 4.38 20471.16 4827.14 39.79

0.3154 7.61 17668.43 5958.21 33.16 6.29 18683.22 5552.36 36.16 5.30 19726.34 5172.27 39.00 0.3154 4.52 20797.794807.89 41.73 3.83 21897.58 4387.18 44.54

0.4016 7.10 18435.72 5753.85 35.91 5.84 19494.58 5328.03 39.01 4.85 20583.00 4898.64 42.03 0.4016 4.13 21700.984512.27 44.86 3.47 22848.53 4068.49 47.77

Chlorobenzene 0.2328 5.81 15511.72 5164.29 29.30 4.94 16402.64 4825.33 31.88 4.21 17318.43 4459.66 34.46 0.2328 3.60 18259.104078.73 37.01 3.22 19224.64 3823.01 39.17

0.3390 5.09 15698.36 4779.95 30.92 4.34 16600.00 4430.11 33.51 3.73 17526.81 4086.75 36.02 0.3390 3.17 18478.793672.89 38.64 2.80 19455.95 3360.17 40.94

0.4487 4.79 16590.08 4601.44 33.95 4.04 17542.93 4214.24 36.70 3.48 18522.38 3864.93 39.28 0.4487 2.93 19528.453422.51 42.04 2.53 20561.11 3033.31 44.58
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PMA ������ ��� 	
� ��
� 623

s

(7)

7�wl ³1�;�. �8(1)/PMA(2)N% �8% wIx 0y ôõö

( ) LM�NO� ,�% diagram7�wl ³1�;�, cyclohexane

(1)/PMA(2)N9 �du Fig. 19 ��@7� �\dº�. Fig. 19K Õ

  �� ó� LM�NO� ,�% P((N� »§,� ÷h ¾9

K ØRø* 5 O �;�, �� �ù 9�% 23IN9 �:K� M

è� ³0F v;�. ð
K _ (5)% 4Iú' LM�NO� ,�%

gûg� ��p O �;�. ³1¤ wIx 0y ôõö� Hü �ý

D wIx 0y A3B$* Table 19 �¶¾;�. _ (4)9K ��¤

¿O� �8% GÜËgÒ( )' Antoine[19]_* ��dº�, second

virial coefficient(B11) Tsonopoulos[20]_* ��du N�dº�. �

�, j, P1, Ψ�' Conder� Purnell[7]% éê9 PTd½ �¨�� �

�K � !"9K  �¨* î¼d�, æX P((N_r �¶¾;�.

3. �� 	 
�

3-1. 
��� ��� UNIFAC-FV��

Oishi� Prausnitz% UNIFAC-FV��[14]' µR@7� �I#�JN

9K �8% LM�F bcdg h:K ����+ [�. � ��9

%du � !"% �8(1)/PMA(2)N9 �du W²IògÖ7� �8

% LM�F þÿ% UNIFAC-FV��' �ñ_

(8)

7� �¶� O ��. _ (8)9K combinatorinalú' _ (9)

(9)

(10)

(11)

7� �¶� O ��, residualú' �ñ _ (12)-(14)

(12)

(13)

(14)

7� �¨��, free volumeú' _ (15)-(16)

(15)

(16)

7� �¶� O ��. �ã _ (8)-(16)$* ��du Oishi� Prau-

snitz� m�� �� ó� C1=1.1� �1\� ����9K% �8%

LM�NOF bcdº7� r��� ³0F vD ¡dº�. Oishi�

Prausnitz% UNIFAC-FV��[14]' »§B� bcB% Q±��9K

	
� ³0F Õº7� �� �I#�JN9 @�d k  �NF

�D� �;�. Cj�� original UNIFAC-FV��9 @� �!3*

æg h:K _ (9), (12), (15)F _ (8)9 �Ð� å, c1¤ LM�F

��du »§,� ÷h ¾9K _ (8)% ¥w#��� ,�% P(

(NF PMAF GHd  10�% 23IN W ��@7� acetone(1)/

PMA(2)N9 �du Fig. 29 �¶¾;�. C
9K Õ  �� ó�

¥w#��  »§,� ÷h9K ØR@7� �¶� �ñ _ (17)

C1 = A + BT  (17)

7� �¶� O �7�, �ýD 9�% 23IN� Mè� ¦�7� �

¶·�. _ (17)% ª
4l(A, B)  group� ª
4l� Hü LM�

� W²Iò* _ (8)9 P� !(\� m��;�. ��¤ 5���

' Marquardt }~[21]�;7�, m�¤ ª
4l(A, B)  Table 29

�¶¾;�. N�9 ��¤ UNIFAC ª
4l  éê�[22]* C��

��dº�.�8� �I#% liquid molar volume(vi*)' Rackett_[23]

0 Elbro�[24]% }~7� ££ m�du ��dº�, characteristic

specific volume(vi*)' Oishi� Prausnitz[14]% }~7� m�du

��dº�.

3-2. ��� ���� ��

�I#�J9K �8% wIx 0y3z$( , , )* bcY

O �  ��$' g�@ =>? (N_ (5)-(7)0 O1¤ UNIFAC-

FV��* !(\� �¨Y O �;�. wIx 0yôõö( )% ³0

_' _ (5)� O1¤ UNIFAC-FV��9 %du �ñ_

(18)

7� �¶� O �7�,  _ (8)* _ (6)9 �Ðdu �¶� O �

�,  _ (8)* _ (7)9 �Ðdu �¶� O ��.

S1
E H1

E
G1

E
–
T

------------------=

H1
E

P1
s

A1ln A1
cln A1

Rln A1
FVln+ +=

A1
cln Φ1

 'ln Φ2
 ' z

2
---M1q1

Θ1 '
Φ1
 '

------- z
2
---M1q1

 '–ln 1 Θ'1
Φ'

1

-------–
 
 
 

+ +=

Φi
 ' γ'i w i

γ
j

∑ 'j wj
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ṽ1

ṽM
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ṽ1
1 3⁄

---------– 
  1–

–=

ṽ1
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Fig. 2. Dependence of temperature on the external degree of freedom
for acetone(1)/poly(methyl acrylate)(2) system.
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A1 : activity of component 1 based on weight fraction [-]

amn : UNIFAC group interaction parameter between group 

and n [K]

A, B : parameters on external degree of freedom [-]

B11 : the 2nd virial coefficient [-]

b : proportionality factor of order unity [b=1.28]

C1 : external degree of freedom of the component 1 [-] 

Cs : concentration of solvent [mole�m−3]

: partial molar excess Gibbs energy [KJ/mol]

 : partial molar excess enthalpy [KJ/mol]

J3
4 : James-Martin factor [-]

M1, Mi, Mk : molecular weight of component 1, i and group k [Kg/mo

m2 : weight of polymer [g]

P1, Pi, P1
S : pressure of column output and solvent on stationary pha

H1
E

G1
E

S1
E

H1
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G1
E
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E

G1
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E
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E
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E

Table 2. Parameters estimated by modified UNIFAC-FV model for sol-
vent(1)/poly(methyl acrylate)(2) systems

Solvents w1 A B 

Acetone 0.0304 04.1473 −0.0107
0.0423 04.3862 −0.0119
0.0551 04.8464 −0.0136

n-Heptane 0.0142 05.2189 −0.0123
0.0257 06.0506 −0.0156
0.0375 07.4676 −0.0202

Cyclohexane 0.0150 10.2177 −0.0213
0.0300 11.2193 −0.0251
0.0455 12.6202 −0.0295

Chloroform 0.0859 04.5596 −0.0100
0.1199 06.1240 −0.0147
0.1623 07.8890 −0.0199

Methylisobutylketone 0.1465 14.2449 −0.0330
0.1906 18.6599 −0.0439
0.2402 23.8678 −0.0566

Trichloroethylene 0.1022 08.2095 −0.0174
0.1790 12.2814 −0.0290
0.2500 16.8097 −0.0416

Benzene 0.0576 08.0697 −0.0193
0.1193 12.7665 −0.0331
0.1818 18.5253 −0.0497

Toluene 0.0955 0 9.4851 −0.0256
0.1379 13.5173 −0.0370
0.1856 17.9187 −0.0496

Ethylbenzene 0.1812 19.8914 −0.0513
0.2418 26.6800 −0.0690
0.3128 36.7666 −0.0951

Chlorobenzene 0.2328 22.1621 −0.0508
0.3390 33.0279 −0.0768
0.4487 54.6932 −0.1279

Table 3. Average deviations between experimental and predicted value of partial molar excess properties for solvent(1)/poly(methyl acrylate) systems
at 353.15-393.15 K

Solvents w1 Ave. dev. Ave. dev. Ave. dev.

Acetone 0.0304-0.0551 2.33-8.770 4.20 0.48-0.88 0.65 4.07-18.55 8.32
n-Heptane 0.0142-0.0375 6.51-16.96  9.18  .6.59-10.57  8.74 5.22-21.99  9.97
Cyclohexane 0.0150-0.0455 3.72-22.34 13.10 0.15-0.45 0.28 6.27-14.53 10.45
Chloroform 0.0859-0.1623 4.12-18.67 11.87 1.96-5.82 3.37 4.64-24.62 15.02
Methylisobutylketone 0.1465-0.2402 2.25-19.48  8.06 0.23-0.46 0.35 3.35-27.16 10.83
Trichloroethylene 0.1022-0.2500 1.89-23.50 12.72 1.09-3.05 1.79 2.18-32.61 16.68
Benzene 0.0576-0.1818 0.38-20.99 10.26 0.99-1.23 1.08 0.23-30.18 13.93
Toluene 0.0955-0.1856 5.15-19.04 10.99 017.44-27.650 22.62 1.62-35.35 14.73
Ethylbenzene 0.1812-0.3128 5.28-12.21  7.29 13.36-24.36 18.83 5.43-18.73 10.25
Chlorobenzene 0.2328-0.4487 6.20-22.21 17.44 0.23-0.73 0.49 7.47-29.05 17.32

Ave. dev. 10.51  5.79 12.75
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ta

 of
saturated vapor pressure [KPa]

QHe : flow rate of pure carrier gas at the column pressure [cm3
�

s−1]

q(P) : distribution isotherm of solvent at column pressure p

[mole�g−1]

: respectively and van der Waals surface area of component 

(per unit mass) [-]

Qk, Q'k, Q'm, Q'n: molar group volume of group k and molar group volume

of group k, m, n per unit mass respectively [-]

R : gas constant [Kpa�cm−3 mol�K−1][KJ/mol�K]

Rk, R'k : molar group volume parameter and molar group volume

parameter of group k per unit mass respectively

r'1, r'i, r'j  : van der waals volume of component 1, i and j(per unit 

mass) [-]

: partial molar excess entropy [KJ/mol�K]

T : experimental temperature [K]

T1, Tf : experimental, room temperature [K]

ts, ta : retention time of solvent and air [s]

Vs, Va : retention volume of solvent and air [cm3]

v1, v2 : liquid molar volume of component 1, 2 [cm3/mol]

1, M : reduced liquid molar volume of component 1, M and mixture

[-]

Wm, Wn : weight fraction of group m, n [-]

w1, w1, wi, wj: weight fraction of component 1, 2, i, j [-]

z : coordination number(z=10)

���  !"

: activity of component 1(combinational term, residual

term, free volume term based on weight fraction com-

ponent 1)

Γk, Γk
(i)  : activity coefficient of the group k and group k of pure

component [-]

: surface area fraction of the group m, n [-]

: activity coefficient of the component 1(residual term, free 

volume term base on weight of component) [-]

Ψ  : true value of solvent mole fraction on phase [-]

Ψkm, Ψnk, Ψnm: interaction parameter of the group k, m, n [-]

: segment fraction of the component 1, 2, i [-]

: number group of type k in molecule 1, i [-]

θ'1, θ'i  : surface fraction of the component 1, i [-]

#$"

(1) : standard state(pure component)

4 : number of James-Martin factor

C : combinational

E : excess

FV : free volume

R : residual

S : standard

- : partial

� : reduced

%$"

1, 2, i, j : molecule 1, 2, i and j

M : mixture

k, m, n : group k, m and n

P, w : constant pressure and weight fraction
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