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File Name: ftmp/Tutorial/benzene. coskf

Name: benzene

Bond Energy: -0.00426937 a.u.

Gas Phase Bond Energy: 0. 00000000 a.u.

COSMO surface Area: 123, 01665440 Angstrom*+2
COSMO Volume: 111.86355721 Angstrom**3

Input Options

Nring: G |
Drop H-bond interaction: [ Yes
Pure compound vapor pressure: 0.0 bar
at temperature: 0.0 Kelvin

Antoine coefficients: 0.0 A

0.0 B

0.0 C
Melting point: 0.0 Kelvin
Delta H_fusion: 0.0 kcal/mol
Delta Cp_fusion: 0.0 kcal/imol K)

BE FB@8 CEBC8EG<8F ?<>8 FB?H5<?<GL B9 4 FB?<7 BA8 64A <A6?H78 FB@8 CH
J<A7BJ B9 G;8 B@CBHA7F J<A7BJ 9BE 4 F8?86G87 6B@CBHA7Y

6*3 *6 6-7 3&4&0*6*45

(6=64E &2C2>6E6CD 7C@> E96 '( #67?F
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COSMO-RS Parameters ~ | cosmo-Rs element specific parameters
Atom Dispersion Constants
Use: |CDSMO—RS 98 ADF combi2005  parameters H 00340
He 0.0
General COSMO-RS parameters L I—DD
r av 0.400 Angstrom -
Be 0.0
a' 1510.0 (kcal/mol) A™2/e2
B 0.0
f_corr 2.802
B C -0.0356
c_hb 8850.0 (kcal/mol) A~2/e"2
- N -0.0224
sigma_hb 0.00B54 efA™2
0 -0.0333
a_eff 694 A™2
- F 0.0
lambda 0.130
Ne 0.0
omega -0.212 kcalfmol
Na 0.0
eta -9.65
Mg 0.0
ch_ortf 0.816
- Al 0.0
use: Klamt 2005 combinatorial term Si B
v only H-bond for H, N, @, and F 7 a1
W use temperature dependent H-bond & A4y
Cl -0.0485
Ar 0.0
894H?G &)%$& () C4E4@8G8EF 4E8 F8?86G87 J;<6; 4E8 BCG<@<M87 &)$
)88 4?FB 4 7T<F6HFF<BA B9 G:;8 &)%$&;f) GIEL @)8B@BAFDLBAS F8?86GF G;8 &)$&
() "?4@G BCG<BA 9BE +F8 C4E4@8G8EF G;8 BCG<@<M87 C4E4@8G8EF 4E

"?24@G 8G 489 HS8B <A G:8 &)$& () @4AH4?

<GG87 GB 4 F@4?? AH@58E B9 8KCBE{@BAIG2?><M BHBF BE &G U@ AIEBT
9B??BJ<A: 6BAFG4AGF 4E8 ES86B@@8A787 9BE 9BE E 9BE ! 9B
*>8F8 14?H8F ;418 GB 58 <A6?H787 5L ;4A7

6*3 1&/;5.5 1-*5.,0& 342+./*

(6=64E (:8>2 &C@7:=6 7C@> E96 '( #67?F

? E96 =67E A2CE @7 E96 H:?5@H D6=64E H2E6C 7@C 4@>A@F?5
(6=64E 6E92?@= 7@C 4@>A@F?5

(6=64E 36?K6?6 7@C 4@>A@F?5

(6=64E 'F? 4@>>27?5 7C@> E96 =6 >67?7F
=:4< .6D H96? 2D<65 E@ (2G6 492?86D C6BF:C65 E@ CF~?
?E6C E96 ?2>6 EFE@C:2= :? E96 =6 ?2>6 7:6=5

*»8 F<:@4 CEB9<?8F Q CEB9<?8 B9 G;8 G;E88 CHE8 6B@CBHA7F J<?? 58 F;BJA <.
E<:;G C4EG B9 G;8 J<A7BJ *;8 J;B?8 J<A7BJ 64A 58 E8F<M87 *;8 E8?4G<I8 F<M38
6B@C4E87 GB G;8 E<:;G C4EG 64A 58 6;4A:87 <9 BA8 @BI8F G;8 F4F; G;4G <F <A &
C4EG B9 G;8 J<A7BJ BA8 64A 4?FB 6;4A:8 G;8 E8?74G<I18 F<M8 B9 G;8 HCC8E C4EG
@BI8F G;8 F4F; G;4G <F <A 58GJ88A G;8F8 C4EGF
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plsigma) sigma-profile

=

=T N T T T NS
Y I

-0.02 -0.01 0.0 0.01 0.02
sigma [ e/a%+32)

*»8 Q CEB9<?8 F;BJF G;8 4@BHAG B9 FHE9468 4E84 9BE 4 :<I8A &)$& 6;4E:8 78AF
4E8 HF87 G;8 E87 6HEI8 <F G;8 J4G8E Q CEB9<?8 G;8 5?H8 6HEI8 G;8 @8G;4AB?
G;8 58AMB8A8 Q CEB9<?8 !9 BA8 6?<6>F <A G;8 :E4C; BA8 64A MBB@ E<:;G @BHF!
7BJA BE GE4AF?4G8 ?89G @BHF8 G;8 :E4C; !9 BA8 6?<6>F <A G;8 :E4C; J<ATB
CBCHC J<A7BJ J<?? 4CC84E <A J;<6, BA8 64A F8G 78G4<?F 9BE G;8 :E4C,; J<A7BJ

%BG8 G;4G G;8 Q CEB9<?8 78C8A7F BMAIG;8;46GHHE BAB?HB8 GBE R3&& B
C4E4@8G8EF F88 CE8I<BHF FGS8C

6*3 1&/;5.5 !-*5.,0& 326*16.&/

(6=64E (:8>2 &@EB?E:2= 7C@> E96 '( #67?F

? E96 =67E A2CE @7 E96 H:?5@H D6=64E H2E6C 7@C 4@>A@F?5
(6=64E 6E92?@= 7@C 4@>A@F?5

(6=64E 36?K6?6 7@C 4@>A@F?5

(6=64E 'F? 4@>>27?57C@> E96 :=6 >67F

=:4< .6D H96? 2D<65 E@ (2G6 492?86D C6BF:C65 E@ CF?

*'8 F<:@4 CBGB8AG<4?F Q CBG8AG<4? B9 G;8 G;E88 CHE8 6B@CBHA7F J<?? 58 F;

E<:;G C4EG B9 G;8 J<A7BJ *;8 Q CBG8AG<4? 78C8A7TF BA G;8 GB@CB8E4GHES8 B9 4
<F F8G GB N "
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Sigma Potential

(1/8%*2) (kcal/mol) sigma-potential
0.0 N
-0.1 -
_|:|2 —
-0.3
[ [ [ [ [
-0.02 -0.01 0.0 0.01 0.02

sigma (e/a%+2)

19 G;8 7894H?G F8GG<A:F 4E8 HF87 G;8 E87 6HEI8 <F G;8 J4AG8B8E Q CBG8AG<4? G
CBG8AG<4? 4A7 G;8 :E88A 6HEI8 <F G;8 58AMB8A8 Q CBG8AG<4? I!A G;8 78G4<?F !
J4F F8G GB

%BG8 G;4G G;8 Q CBG8AG<4? <F ABG 64?6H?4G87 9BE 14?H8F B9 G;8 &)$& 6;4E:8
G;8 &)$& FHE9468 B9 4 68B8EG4<A 6B@CBHAY
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Sigma Potential

Temperature:
Pure Compounds

water
ethanol
benzene

s1lgma
(e/A%*7)

-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0

>R o I O o B O R 0 R - - B I - I 0 Y B - B I

02500
02400
02300
02200
02100
02000
01900
01800
01700
01600
01500
01400
01300
01200
01108
01000
. 00900
00800
. 00700
. 00600
. 00500
00400
00300
. 00200
00100
. 00008
00100
. 00200
00300
00400
. 00500
. 00600
. 00700
00800
. 00900
01000
01108
01200
01300
01400
01500
01600
01700
01800
01900

el T aTatal

DO DO OO0 0000000000000 000

298.15000 Kelvin
File name
Jtmp/Tutorial/water.coskf
/tmp/Tutorial/ethanol.coskf
/tmp/Tutorial/benzene. coskf

water

. 25721507
. 22934753
18169424
13531839
. D6803438
03792856
. 00002092
03650303
. 84595795
05527201
. DE0E5430
05788063
0553410
05396273
05137751
. 05009026
05018008
.B4957289
04921952
4681002
L B4703723
. B4933620
4781848
4587790
05237717
4888199
05360417
05479132
03788508
02219224
 DR407780
O3877668
09034606
12283135
18699190
22873180
. 24196908
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D00 OO OO0 0000000000000 0000

ethanol

.33441139
30106240
23636971
17833883
12072300
. 05957807
00732121
02285518
02995175
03442744
. 03606799
02746397
02318845
01894691
01485687
01212530
. 00996086
. D0gE9218
00811402
00817428
. DO8E3090
01563878
01936849
02441049
02851451
04140577
04826021
04480263
L DB612371
07224510
07813080
. O7088173
06156075
. 02998820
00473049
LO1587256

L o T o T o T Y Y o Y o Y o Y o o o Y o I o I o I

benzene

03126123
. 02844065
02204701
01558638
01123239
00796443
D06E4452
00402967
00315662
. 00294796
. DO396586
00727401
01335160
. 01910599
02384643
02455357



17624 .&/ 28*48.*9 3423*46.*5

BJ G;8 CEBC8EG<8F 4E8 64?6H?4G87 4A7 789<A<G<BAGHPBE&XBAABSSCEBHAE QASG;
<A G&§s$& () @4AH4A?

6*3 6&46 (45

BE G;<F GHGBE<4? J8 4FFH@8 G;4G LBH >ABJ ;BJ FG4EG 6EF 4A7 ;BJ GB 477 6
J8 4F> LBH GB 477 G;8 6B@CBHA77F JAGBE @8G;4AB? 8G;4AB? 4A7 58AM8A8 &A
BC8A<A: G;8 6EF 9<?8 G;4G J4F 6E84G87 <A GHGBE<4? )418 G;8 9<?8 4F GHGBE

(E2CE  4CD

(6=64E %A67? 4@>>2?5 7TC@> E96 =6 >67?F
(6=64E EFE@C:2= 4CD :? E96 =6 ?72>6 7:6=5
(6=64E (2G6 D 4@>>27?5 7C@> E96 :=6 >67?F
?E6C E96 ?2>6 EFE@C:2= :? E96 =6 ?72>6 7:6=5

?G8EA4G<I8?L BA 4 +A<K ?<>8 FLFG8@ BA8 @4L 6BCL G;8 &)%$& E8FH?G 9<?8F J
8G;4AB? 6BF>9 4A7 58AM8A8 6BF>9 <A G;8 7<E86GBEL &% 8K4@C?8F 6EF *H(
4A7 8AG8E G;8 9B??BJ<A: 6B@@4A7 <A G;<F 7<E86GBEL J;8E8 G;8 &)%$& EBFH?G

$ 2574CD H2E6C 4@D<7 >6E92?@= 4@D<7 6E92?@= 4@D<7 36?7K67?6 4@D«<7
%BG8 G;4G BA8 ;4F GB F8G G;8 AH@58E B9 E<A: 4GB@F 9BE G;8 58AM8A8 6B@CB|

(6=64E @>A@F?5D 7C@> E96 +:6H #67?F

=:4< @? E96 =67E D:56 36?K6?6 4@D<7

?E6C H:E9@FE BF@EG6D :? E96 $C:?8 7:6=5
(6=64E (2G6 D 4@>>2?5 7C@> E96 :=6 >67?F
?E6C E96 ?2>6 EFE@C:2= :? E96 =6 ?72>6 7:6=5

IA G;8 6B@CBHA7F J<A7BJ BA8 64A 4?FB F8G G;8 I14CBE CES8FFHES8 B9 G;8 CHES8 6
G8@C8E4GHE8 BE F8G G;8 AGB<A8 C4E4@8GS8EF !9 G;8F8 I14?H8F 4E8 ABG FC86
6B@CBHA7 I14CBE CESB8FFHES8 J<?? 58 4CCEBK<@4G87 HF<A: G;8 &)%$& () @8G;B7 *
8K4@C?8 9BE G;8 64?6H?4G<BA B9 G;8 C4EG<4? |4CBE CE8FFHEB8F B9 @<KGHEE®
@<KGHE8F 4A7 64?6H?4G<BA B9 B8AEL F ?74J 6BAFG4AGF

6*3 &/ (7/&6* & 52/8*16 8&324 34*5574*

(6=64E (@=G6?E +2A@C &C6DDFC6 7C@> E96 &C@AG6CE:6D #67?F
(6=64E >6E92?7@= 7@C E96 7:CDE 4@>A@7?6?E :? E96 (@=G67?E
(6=64E 'F? 4@>>2?5 7C@> E96 =6 >67?F

=:4< .6D H967? 2D<65 E@ (2G6 4927?786D C6BF:C65 E@ CF?
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Vapor pressure solvent

Solvent: Mole fraction
methanol 1.0
0.0
0.0
Temperature Kelvin from: 298.15
to: 29815
Mumber of temperature steps: 10
IA G;<F 64F8 G;8 EBFH?G <F 4 G45?8 J<G; BA8 8AGEL
Vapor pressure solvent
Solvent Mole fraction File name
methanol 1. 00000000 /tmp/Tutorial/methanol. coskf
Temperature Vapor pressure
(Kelvin) (bar)
2098 .150 0.13805440
(6=64E 6=D:FD 7@C E96 D42=6 @7 E96 )6>A6C2EFC6
?E6C H:EQ@FE BF@E6D :? E96 7C@> 7:6=5
?E6C :? E96 E@ 7:6=5
(6=64E 'F? 4@>>27?5 7C@> E96 :=6 >67?F

=:4< .6D H96? 2D<65 E@ (2G6 4927?86D C6BF:C65 E@ CF?
A G;<F 64F8 G;8 EBFH?G <F 4 :E4C,; 4A7 4 G45?8 !9 BA8 67<6>F <A G;8 :E4C; J<A

CBCHC J<A7BJ J<?? 4CC84E <A J;<6, BA8 64A F8G 78G4<?F 9BE G;8 :E4C; J<A7BJ
78G4<?F B9 G;8 :E4C,; G,;8 :E4C,; 64A ?BB> ?<>8
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Vapor pressure (Torr)

3500
3000 —
2500 —
2000 —
1500 —
1000 —

500 —

IA G;<F 64F8 &)%$& () CE87<6GF 4 I4CBE CE8B8FFHES8 B9 45BHG
9BE G;8 CHES8 ?<DH<7 @8G;4AB?

methanol

[
280

290

[ [
300 310

[
320

[
330

Temperature (Kelvin)

Vapor pressure solvent

Solvent

methanol

Temperature
(Kelvin)

273,
283.1
293.1
303.1
313.1
323.1
333.1
343.1
353.1
363.1
373.1

6*3

(6=64E

(6=64E

(6=64E
?2E6C
?2E6C

150

50
50
50
50
50
20
50
50
50
50

Mole fraction
Malalalalalalalal

1

Vapor pressure
(bar)

R TR O e o e T T e e

02330540
04964283
09955279
18894150
34093835
58731531
96941313
23830122
35401172
48383724
. 99986078

File name

340

[
350

[
360

[
370

54E 4EBHAY

Jtmp/Tutorial/methanol. coskf

&/ (7/&6* 6-* '2./.1, 32.16 2+ & 52/8*16

(@=G6?E @:=:?8 )6>A6C2EFC6 7C@> E96 &C@AG6CE:6D #6°?F
7@C E96 7:CDE 4@>A@7?6?E :? E96 (@=G67?E

>6E92?7@=
6E92?@ =

7T@C E96 #@=6 7C24E:@°?
7T@C E96 #@=6 7C24E:@°?
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7@C E96 7:CDE 4@>A@7?6?E :? E96 (@=G67?E
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(6=64E 2E> 7@C E96 D42=6 @7 E96 &C6DDFC6

?E6C :? E96 7C@> 7:6=5
?E6C :? E96 E@ 7:6=5
(6=64E 'F? 4@>>2?5 7C@> E96 =6 >67?F

=:4< .6D H967? 2D<65 E@ (2G6 4927?786D C6BF:C65 E@ CF?
Boiling temperature solvent

Solvent: Mole fraction
methanol 0.5
ethanol 0.5

0.0

Pressure  atm from: 0.1

to: 10
Number of pressure steps: 10

IA G;<F 64F8 G;8 ESBFH?G @4L G4>8 F8I8B8E4? @<AHG8F <F 4 :E4C; 4A7 4 G457?8

Vapor pressure (bar)

boiling-point
1.0
0.8
06
0.4
0.2 —_—
1
| | | | | | | | |
300 305 310 315 320 325 330 335 340

Temperature (Kelvin)

*8 E87 6HEI8 <F G;8 GBG4? I14CBE CES8FFHE8 G;8 5?H8 6HEI8 G;8 C4EG<4? @8G;4
6HEI8 <F G;8 C4EG<4? 8G;4AB? I14CBE CE8FFHES8 *;8 G457?8 :<I8F G;8 AH@8E<64~?
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Boiling temperature solwvent

Solvent Mole fraction File name

methanol 0. 50000000 /tmp/Tutorial/methanol. coskf

ethanol 0. 50000006 ftmp/Tutorial/ethanol. coskf

Temperature Vapor pressure Partial pressures (bar)
(Kelvin) (bar) methanol ethanol
208,966 0.10132500 0. 07369493 0. 02763178
309,300 0.19251750 0.13847731 0. 05404296
315,993 0. 28371000 0. 202672810 0. 08103196
321.0839 0.37490250 0. 26649093 0.10841157
325.131 0. 46609500 0.33001172 B.136088327
328.595 B.55728750 0.39329784 0.16398965
331.611 0. 64242000 0.45638782 0.19209216
334,291 0. 73967250 0.51930071 0.22037177
336. 709 0. 83026500 0.58207324 0.24879174
338.916 0.92205750 0. 64470415 0. 27735333
340,950 1.01325000 0. 70722569 0. 30602428

*;HF <A G;<F 64F8 &)$& () CE87<6GF 4 5B<?<A: CB<AG B9 " N 4G 4G@

@B?8 9E46G<BA @8G;4AB? 4A7 @B?8 9E46G<BA 8G;4AB?
I4CBE 6BAF<FGF 45BHG B9 @8G;4AB~?

G G;<F G8@CS8E4GHE

6*3 &I1(7/&6* 38&46.6.21 (2*++.(.*165 /2,

(6=64E (@=G67?7E "@8 &2CE:E:@? @677:4:67?7ED 7C@> E96 &C@AG6CE:6D #67?F
(6=64E 367?K6?6 7@C E96 7:CDE 4@>A@?67E :? (@=G6?E

(6=64E H2E6C 7@C E96 7:CDE 4@>A@?67E :? (@=G6?E

=:4< .6D :? E96 *D6 :?AFE G@=F>6 BF@QE:6?E 7:6=5

?E6C :? E96 ?AFE G@=F>6 D@=G6?E D@=G67?E 7:6=5

(6=64E 'F? 4@>>2?5 7C@> E96 =6 >67?F

=:4< .6D H96? 2D<65 E@ (2G6 4927?786D C6BF:C65 E@ CF?
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Log partition coefficients solute (solvent 1/solvent 2)

Solvent 1: Mole fraction
benzene 1.0
0.0
0.0
Solvent 2: Mole fraction
water 10
0.0
0.0
Temperature Kelvin 29815
Use input volume quotient: W Yes
Input volume solvent 1/solvent 2: ak3
Solutes
1 : benzene
2 - ethanol
3 : methanol
4 water

A 64F8 B9 C4EG?L @<F6<5?8 ?<DH<7F ?<>8 9BE 8K4@C?8 G;8 B6G4AB? E<6; C;
6B@CBABAGF ;418 ABAMBEB @B?8 9E46G<BAF

8E8 4A <ACHG 14?H8 <F HF87 9BE G;8 IB?H@8 DHBG<8AG B9 G;8 GJB FB?I8AGF !
G;8 CEB:E4@ J<?? HF8 G;8 &)$%$& IB?H@8F GB 64?6H?4G8 G;8 IB?H@8 DHBG<8AG
9BHA7 <A G;8 B@CBHA7 J<A7BJ

*»8 EBFH?G B9 G;8 64?6H?4G<BA <F :<I8A <A G;8 9BE@ B9 4 G45?8

27



Log partition coefficients solute (solvent 1l/solvent 2)

Temperature: 298.15000 Kelvin
Solvent 1 Mole Fraction File name
1: benzene 1.00000000 /tmp/Tutorial/benzene. coskf
Solvent 2
4: water 1.00000000 /tmp/Tutorial/water. coskf
Solutes
1: benzene /tmp/Tutorial/benzene. coskf
2: ethanol /tmp/Tutorial/ethanol. coskf
3: methanol /tmp/Tutorial/methanol. coskf
4: water ftmp/Tutorial/water.coskf
Solutes Log P
1: benzene 2.62963986
2: ethanol -1.40276986
3: methanol -2, 05667792
4: water -4.,84324266

6*3 &/1(7/8&6* &(6.8.6; (2*++.(.*165

(6=64E 4E:G:EJ 4@677:4:6?ED 7C@> E96 &C@AG6CE:6D #67?F
(6=64E H2E6C 7@C E96 7:CDE 4@>A@7?67?E :? (@=G67?E
(6=64E 'F? 4@>>2?5 7C@> E96 =6 >67?7F

=:4< .6D H96? 2D<65 E@ (2G6 4927?86D C6BF:C65 E@ CF?
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Activity coefficients

Solvent: Mole fraction
water 1.0
0.0
0.0
Temperature Kelvin 29815
Use input density solvent: [ Yes
Input density solvent: 1.0 kg/L
Compounds
1: benzene
2 : ethanol
3 - methanol
4 : water

19 BA8 7B8F FHCC?L 4 78AF<GL B9 G;8 FB?I8AG <A G;8 <ACHG G;8 CEB:E4@ 64?6}
7<I<7<A: G;8 @4FF B9 4 @B?86H?8 J<G; <GF &)%$& IB?H@8 %BG8 G;4G G;8 46G<Is=
G;<F 78AF<GL

*»8 EBFH?G B9 G;8 64?6H?4G<BA <F :<I8A <A G:;8 9BE@ B9 4 G457?8

Activity coefficients

Temperature: 298.15000 Kelvin
Solvent Mole Fraction File name
4: water 1.00000000 /tmp/Tutorial/water.coskf
Solutes (infinite dilute)
1: benzene /tmp/Tutorial/benzene. coskf
2: ethanol Jtmp/Tutorial/ethanol. coskf
3: methanol Jtmp/Tutorial/methanol. coskf
Activity Henry Constant Henry Constant Delta G
Solvent Coefficient mol/(L atm}) dimensionless kcals/mol
4: water 1.00000000 6.375642e+04 1.580496e+06 -8.45669557
Solutes (infinite dilute)
1: benzene 2101.29382446 1.962843e-01 4, 865808e+00 -0.93745021
2: ethanol 8.29178235 1.491736e+02 3.697953e+03 -4, 86758651
3: methanol 2.44169426 1.902258e+02 4, 715621e+03 -5.011620449

(8?814AG 9BE G;8 64?6H?4G<BA B9 R <F G;8 E8B898E8A68 FG4G8 HF87 ;8E8 <F @|
C;4F8
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6*3 &/ (7/&6* 52/7'.1.6,;

(6=64E (@=F3:=:EJ 4@677:4:6?ED 7C@> E96 &C@AG6CE:6D #6?F
(6=64E H2E6C 7@C E96 7:CDE 4@>A@7?67?E :? (@=G6?E
(6=64E 367?K67?6 7@C E96 7:CDE (@=FE®6

?E6C H:EO@FE BF@E6D :? E96 )6>A6C2EFC6 !16=G:? 7TC@> 7:6=5
?E6C :? E96 E@ 7:6=5
(6=64E 'F? 4@>>2?57C@> E96 =6 >67?F

=:4< .6D H96? 2D<65 E@ (2G6 4927?786D C6BF:C65 E@ CF?

<EFG G;8 FB?H5<?<GL B9 58AM8A8 <A J4G8E 9BE 4 E4A:8 B9 GB@CB8E4GHESF

Solubility solute in Solvent

Solvent: Mole fraction
water 1.0
0.0
0.0
Solutes:
1: benzene
2:
3:
Temperature Kelvin from: 27315
to: 37315
Number of temperature steps: 10

19 4 E4A:8 B9 GB@CB8E4GHES8F <F ESBDH8FG87 4 :E4C; <F F;BJA

molar fraction y _
solute solubility benzene in water

0.0012 —
0.001 —
0.0008 —
0.0006 —
0.0004 —

[ I [ I [ I I [ [ I
280 290 300 310 320 330 340 350 360 370

Temperature (Kelvin)

%8KG G;8 FB?H5<?<GL B9 J4G8E <A 58AMB8A8 9BE 4 E4A:8 B9 GB8@C8E4GHESF
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Solubility solute in Solvent

Solvent: Mole fraction

benzene 1.0
0.0
0.0

Solutes:
1l: water

2:
3

Temperature Kelvin from: 27315
to: 37315
Number of temperature steps: 10

{4<A 4 :E4C; 4A7 G457?8 <F F;BJA

molar fraction y .
solute solubility water in benzene

0.0035 —
0.003
0.0025 —
0.002 —
0.0015 —
0.001
0.0005 —

I [ I I [ I I [ I [
280 290 300 310 320 330 340 350 360 370

Temperature (Kelvin)

BE G;8 FB?H5<?<GL B9 4 FB?<7 6B@CBHA7 <G <F A868FF4EL GB <A6?H78 G;8 @8
BCG<BA4??L F<A68 <G <F B9G8A ABG FB <@CBEG4AG G;8 R ;84G 64C46<GL B9 9
I4?H8F 64A 58 :<I8A 9BE 846; 6B@CBHA7 J;8A B@CBHA7F <F F8?86G87 9EB@ G;
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6*3

526 -

&/ (7/&6* '.1&4; 0.:674*5 #

*40&/

5<A4EL @<KGHES8 <F 647?76H?4G87 <A J;<6; G;8 CHES8 6B@CBHA7 I4CBE CESFFHES
&)$& () @8G;B7 *;8 5<A4EL @<KGHES8 J<?? 58 64?6H?4G87 9BE 4 ?<FG B9 @B?4E

(6=64E
(6=64E
(6=64E
2E6C
(6=64E

:?2CJ #:IEFC6 +" 7C@> E96 &C@AGCE:6D #67?F
H2E6C 7@C E96 7:CDE 4@>A@F?5
>6E92?7@= 7@C E96 D64@7?5 4@>A@F?5
:? E96 )6>A6C2EFC6 !6=G:? 7:6=5
'F? 4@>>27?5 7TC@> E96 =6 >67F

=:4< .6D H96? 2D<65 E@

Binary Mixture VLE/LLE

Compounds:
1. water

(2G6 4927?86D C6BF:C65 E@ CF?

2: methanol

Number of mixtures: 10
lsotherm or isobar: Isotherm
Temperature Kelvin 298.14“

A 46G<I<GL 6B899<6<8AG C?BG 9BE J4G8E

activity
coefficients

2.4
2.2 —
20 —
18 —
16 —
14
1.2

4A7 @8G;4AB? J<?? 58 F;BJA

binary-mixture of water (1) and methanol (2}

10 i »

0.0 0.1 0.2

[ [ I I I [ I
0.4 05 0.6 0.7 0.8 0.9 1.0

x1: molar fraction 1

*»8 EBFH?GF B9 G;8 64?76H?4G<BA 4E8 4?FB :<I8A <A G;8 9BE@ B9 4 G457?8 J;<6; |
6B@CBHA7 G;8 46G<I<GL 6B899<6<8AGF G;8 46G<I<G<8F G;8 GB@CB8E4GHES8 G;
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@B?4E 9E46G<BA B9 846: 6B@CBHA7 <A G:8
<55F 9E88 8ASE2TKB9 @<K<A:

4A7 G;8

Binary Mixture VLE/LLE

Compounds File name
1: water /tmp/Tutorial/water. coskf
2: methanol /tmp/Tutorial/methanol. coskf

Units: pressure(bar), energy (kcal/mol), temperature (Kelvin)

%1 x2 gammal gammaz 1n(gammal)
0. 00000 1.00000 1.52174 1.00000 0.41986
0.02000 0.98000 1.50253 1.00013 0.40715
0.10000 0. 90000 1.45234 1.80252 0.37318
0.20000 0. 280000 1.39207 1.01043 0.33079
0.30000 0. 70000 1.33245 1.02581 0.28702
0.40000 0. 60000 1.27290 1.05212 0.24130
0.50000 0.50000 1.21355 1.09510 0.19355
0. 60000 0.400080 1.15542 1.16442 0.14446
0.70000 0.30000 1.10049 1.27728 0. 09575
0.20000 0.20000 1.05205 1.46681 0. 03074
0.90000 0.10000 1.01549 1.80423 0.01537
0.98000 0. 02000 1.00100 2.28530 0. 00100
1.00000 0. 00008 1. 00034 2.45455 0. 00034
x1 temperature total pressure partial pl partial p2
0. 00000 298.14000 0.13797 0.00000 0.13797
0.02000 298.14000 0.13525 0.00003 0.13522
0.10000 298.14000 0.12463 0.00015 0.12448
0.20000 298.14000 0.11180 0.00028 0.11152
0.30000 298.14000 0.09947 0.00040 0. 09907
0.40000 298.14000 0.08761 0.00051 0. 08709
0.50000 298.14000 0. 07615 0.00061 0. 07554
0.60000 298, 14000 0. 06496 0.00870 0.06426
0.70000 298.14000 0. 05364 0.00077 0.05287
0.80000 298.14000 0. 04132 0.00085 0. 04047
0.90000 298.14000 0.02581 0.00092 0.02489
0.98000 298.14000 0. 00729 0.00099 0, 00631
1.00000 298, 14000 0.00161 0.00101 0. 00000
x1 G"E H™E G™mix
0. 00000 0. 00000 0. 00000 0.00000
0.02000 0. 00490 -0, 00861 -0.05319
0.10000 0.02345 -0, 06148 -0,16915
0.20000 0.04411 -0.11414 -0.25236
0.30000 0.06158 -0.15079 -0.30033
0.40000 0.07524 -0.17134 -0.32349
0.50000 0.08425 -0.175391 -0.32642
0.60000 0.08743 -0,16510 -0,31131
0.70000 0.08321 -0. 14084 -0.27871
0.80000 0. 06944 -0.10254 -0.22703
0.90000 0.04316 -0.05499 -0.14944
0.98000 0.01837 -0.01160 -0.04771
1.00000 0.00020 -0, 00007 0.00020
*>8F8 14?H8F 64A 4?FB 58 F;BJA <A 4 :EAC;
,<8J $8AH BE 8K4@C?8

(6=64E 6146DD 6?6C8:6D O 0
7T@C C2A9 I6D 7C@> E96

33

I4CBE G58888K6BFHF8AGSF?TES88 8AB8E:L

In(gammaz) al: xl*gammal a2: x2*gamma2
(0]

. 00000 0. 00008 1. 00000
0,80013 0.03085 0,98013
0.00251 0.14523 0.90226
0.01837 0.27841 0.80834
0.02548 0.39974 0.71806
0.85081 0.50916 0.63127
0,09084 0.60677 0,54755
0.15222 0.69325 0.46577
0.24473 0.77034 0.38318
0.38309 0.84164 0.29336
0.59013 0.91394 0.18042
0,82650 0.98098 0, 84571
0.89794 1. 00034 s lalalala]

¥l y2
0, 80000 1. 00008
0,80022 0.99978
0.00117 0.99883
0.00250 0.99750
0. DO 0.99596
0. 00584 0.99416
0, 80801 0.99199
0,01872 0.98928
0.01443 0.98557
0.02047 0.97953
0.83558 0.96442
©,13518 0.86482
1.00000 0. 00008

*,8 CEBCS8EGL 9BE G;8 K 4A7 L 4K8F

4 :E4C; B9 G;8 8K68FF 8B8A8E:<8F 64A 58 F;BJA 5L

:33D 676C8J @7 >:1:?8
+:6H #6?F



m File View | Properties CRS Help

Binary Mixture

Compounds
Compounds:
Graph X Axes - |
1: water _
————— Graph Y Axes I mplar fractions compounds
2: methanol

activity coefficients
In (activity coefficients)

Mumber of mixtures:

. activities
Isotherm or isobar: , ,
. molar fractions in vapor phase
Temperature Kelvin
Temperature

total and partial vapor pressures
» excess energies G™E, HE Gibbs energy of mixing

C?BG B9 G;8 8K68FF 8A8E:<8F J<?? 58 F;BJA

excess energies G°E, H™E . .
Gibbs energy of mixing (kcal/mol) binary-mixture

0.050 —
0.0

-0.050 —
-0.10
-0.15

-0.20 —
-0.25 -
-0.30

I | I | | I | | I |
0.0 01 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

®1: molar fraction 1

*,8 E87 6HEI8 <F G;8 8K68FF <53F®LE88BABIEIS <F G;8 SKBAF GG BEIEA
6HEI8 <F G;8 <55F 9E88 8RS :L B9 @<K<A:

526-*40&/ .1376 374* (203271) 8&324 34*5574*

5<A4EL @<KGHES8 <F 647?76H?4G87 J<G; <ACHG 74G4 9BE G;8 CHE8 6B@CBHA7 14
8K4@C?8 8KCBE<@8AG47??L B5F8EI87 CHE8 6B@CBHA7 I14CBE CES8FFHE8F %BGS8
GBG4? 14CBE CESB8FFHES8F J<?? ABJ 78C8A7 BA G;8F8 <ACHG CHES8 6B@CBHA7 14CE

(6=64E @>A@F?5D 7C@> E96 +:6H #67?F

=:4< @? E96 =67E D:56 H2E6C 4@D<7

?E6C :? E96 &FC6 4@>A@F?5 G2A@C AC6DDFC6 7:6=5
?E6C :? E96 2E E6>A6C2EFC6 7:6=5
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File Name:

Name:

Bond Energy:

Gas Phase Bond Energy:
COSMO surface Area:
COSMO Volume:

Input Options
Nring:
Drop H-bond interaction:

ftmp/Tutorial/water.coskf

water

-0.01031070 a.u.
0. 00000000 a.u.
43.01350000 Angstrom*#*2
2555770000 Angstrom*#*3

0
[ Yes

Pure compound vapor pressure: 0.123416 bar
at temperature: |322.45 Kelvin

Antoine coefficients: 0.0 A

0.0 =

0.0 C
Melting point: 0.0 Kelvin
Delta H_fusion: 0.0 kcal/mol
Delta Cp_fusion: 0.0 keal/imol K)
=:4< @? E96 =67E D:56 6E92?@= 4@D<7
?E6C :? E96 &FC6 4@>A@F?5 G2A@C AC6DDFC6 7:6=5
?E6C :? E96 2E E6>A6C2EFC6 7:6=5
(6=64E :?2CJ #:IEFC6 +" "" 7C@> E96 &C@AG6CE:6D #6°?F
(6=64E H2E6C 7@C E96 7:CDE 4@>A@F?5
(6=64E 6E92?@= 7@C E96 D64@?5 4@>A@F?5
?E6C :? E96 )6>AB6C2EFC6 !6=G:? 7C@> 7:6=5
(6=64E | >@=2C 7C24E:@? 7@C C2A9 - 16D 7C@> E96 +:6H #6°?F

(6=64E E@E2= 2?5 A2CE:2= G2A@C AC6DDFC6D 7@C
C2A9 . 16D 7C@> E96 +:6H #6°?F

(6=64E 'F? 4@>>2?57C@> E96 :=6

=:4< .6D H96? 2D<65 E@ (2G6 492?86D C6BF:C65 E@ CF?
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Binary Mixture VLE/LLE

Compounds:

1. water

2: ethanol

Number of mixtures: 10
lsotherm or isobar: Isotherm
Temperature Kelvin 32245

I14CBE ?<DH<7 8DH<?<5E<H@ ,# 7<4:E4@ 9BE J4GS8E 4A7 8G;4AB? J<?? 58

total and partial
vapor pressures (bar) binary-mixture of water (1) and ethanol (2)

0.25 —

0.2 -

0.15 —

01

0.05 —

0.0

I I I I I I I I I 1
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

%2 molar fraction 2

*,8 E87 6HEI8 <F G;8 GBG4? I14CBE CE8FFHE8 G;8 5?H8 6HEI8 <F G;8 C4EG<47? J4(
6HEI8 <F G;8 C4EG<4? 8G,;4AB? I14CBE CE8FFHE8 &A8 64A 4?FB 6;4A:8 G;8 K 4K8F

(6=64E J >@=2C 7C24E:@? :? G2A@C A92D6 7@C
C2A9 - I6D 7C@> E96 +:6H #67?7F
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total and partial

vapor pressures (bar) binary-mixture of water (1) and ethanol (2)
0.25
0.2
015
0.1 —
0.05
0.0 -
I I I I I I I I I |
0.0 01 0.2 0.3 0.4 0.5 0.6 07 08 09 10

y2: molar fraction 2 in vapor phase

52'&4.(

5<A4EL @<KGHES8 <F 647?76H?4G87 <A J;<6; G;8 CHE8 6B@CBHA7 I14CBE CESFFHES
&)$& () @8G;B7 <9 G;8 <ACHG I14?H8F 9BE G;8 CHE8 6B@CBHA7 I14CBE CE8S8FFHES8F

(6=64E @>A@F?5D 7C@> E96 +:6H #6?F
=:4< @? E96 =67E D:56 6E92?@= 4@D<7

?EG6C :? E96 &FC6 4@>A@F?5 G2A@C AC6DDFC6 7:6=5
?EG6C :? E96 2E E6>A6C2EFC6 7:6=5
=:4< @? E96 =67E D:56 >6E927@= 4@D«<7
?EG6C :? E96 &FC6 4@>A@F?5 G2A@C AC6DDFC6 7:6=5
?EG6C :? E96 2E E6>A6C2EFC6 7:6=5
(6=64E :?72CJ #:IEFC6 +" "" 7C@> E96 &C@A6CE:6D #67?7F

(6=64E >6E92?@= 7@C E96 7:CDE 4@>A@F?5
(6=64E 6E92?7@= 7@C E96 D64@°?5 4@>A@F?5
(6=64E :D@32C 7@C D@E96C> @C :D@32C

(6=64E | >@=2C 7C24E: @7 7@C C2A9 - 16D 7C@> E96 +:6H #67?F
(6=64E )6>A6C2EFC6 7@C C2A9 . |I6D 7C@> E96 +:6H #6?F
(6=64E 'F? 4@>>2?57C@> E96 :=6 >67F

=:4< .6D H96? 2D<65 E@ (2G6 492?86D C6BF:C65 E@ CF?
Binary Mixture VLE/LLE

Compounds:
1: methanol

2: ethanol

Number of mixtures: 10
Isotherm or isobar: Isobar

Pressure bar 1.01325
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*'8 64?76H?4G87 5B<?<A: CB<AGF @4L G4>8 F8I8E4? @<AHG8F 9BE 4 5<A4EL @ <K
J<?? 58 F;BJA

Temperature (Kelvin) binary-mixture of methanol (1) and ethanol (2)

350 —

345 —

340

I | | | | I | I I |
0.0 01 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

%*1: molar fraction 1
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JH5G<G?8F <A G;8 I<78BF 64A 58 GB [2J37 BAGGMNABI99 HF<A: G;8
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