
 
TABLE 18 (continued)

Hoy’s Cohesion Parameters for Liquids (and Solids as Subcooled Liquids) at 25°C I
 3111111619

Liquid Mfg 11111!" 1111; cm" 8, S, 5,, 8,

2,3.z11mc13y1—1—11u1en6 34.2 11.672 13.9 3.3 3.0 14.7
3,3-111m11y13u1y1 6661616 1442 11.363 14.9 1.1 3.0 16.3
1.3-Dinmlhylbutylmnine 101.2 0.743 14.2 7.3 3.3 16.3
1111116111311 ce116361v6-I 911.1 0.362 13.9 7.1 7.7 11.7 |_
l,I—DimBtb}'IByI2I0heJ{a£IE 1 12.2 11.775 15.4 2.6 0.0 15.71.I-Dinnethylcyclopcntmme 33.2 11.749 15.1 3.2 0.0 15.4 I
2,5—r11m613y1-3 .4-11111y11m211.pyran-2.3a:- 1411.2 11.991 13.9 10.5 4.7 13.1
baxynldehydc I

11111111111311 1111161666 116.1 3.976 10.6 12.7 11.7 211.3
2.6-1:111n6111y1—1.4-111611116 116.2 0.939 15.1 3.3 4.3 13.2 I
N,N-Dimelhyiethannlamine 39.1 0.332 13.5 3.5 14.0 21.2 ' 1 I
N,N-Di113efi1yI—2—ethy1hexyIaminc 151.3 0.764 15.3 3.1 1.6 15.7 . .
2,5—Di1:r1ethyIfI:ra13 96.1 11.394 15.11 7.11 4.3 17.9 1 ' '
2.2.111111313y1116p1a116 123.3 0.705 14.9 0.0 11.0 14.9 I II '
2,3—DimEIh)I'Ihepta!!c 123.3 0.121 15.3 11.0 11.0 15.3 - I I
2,4-Dimflliylhcptznc 123.3 0.11 1 15.0 0.11 0.0 15.0 - 1
2,5.131mez11y11mp1me 123.3 0.110 15.1 0.11 11.0 15.1 .
2.6-Dinwthylineptane 123.3 0.104 15.0 0.11 0.0 15.11 ' 1
3,3-Dimcthylheptann 123.3 11.720 15.1 0.11 0.11 15.1 i ' I
3,4-I)ir.11ethylhcp1:arII: 123.3 0.726 15.4 0.11 0.0 15.4 F I
3.5-1311116111,-1116111111111 123.3 0.113 15.1 0.11 0.0 15.1 I L
4,4-Dimelhylheptane 123.3 0.720 15.11 0.11 0.11 15.0 I I
2,6—Dir11elhyl—4-hcptanol 144.3 0.3117 14.3 6.7 9.2 13.3 . .

‘ 2,6-Dimellryl-4—heptyI 11661313 136.3 0.347 14.4 6.1 2.2 15.3 ' -
2.2—DimsIhylheJIanc 114.2 0.690 14.5 0.11 0.0 14.5 II 2,3-Dimedaylhcxane 114.2 0.7117 15.0 0.11 0.11 15.0 - I
2,4n1m631y1116me 114.2 0.695 14.7 0.11 0.11 14.7
2.5-Dinlcthylhexanc 114.2 0.633 14.6 0.0 0.11 14.6 ' _
3,3-l3'ime‘lhyI21e11ane 114.2 0.7115 14.7 0.0 0.11 14.7 I I
3,4—Dimet21yI'I1ex1m1: 114.2 0.7114 14.9 0.0 0.11 14.9 .
2.3-Djmethyl-6-isotIutyl-4—111)1Ian{12 223.4 0.322 13.3 5.3 6.9 16.3 '
Dinmthylisopmpunolanéne 103.2 0.345 12.6 1.1 11.2 13.5 - .
1111331311 1113111326 144.1 1.146 14.5 12.1 11.3 22.3 I
2,6-Dimcthyllnolpholine 115.2 11.923 16.4 111.0 2.3 19.3 '
2.2-Di!11cLI1}|'I£X31&l1c 142.3 0.719 14.9 0.0 0.11 14.9 -

' 2.3-Dimethyiomane 142.3 0.732 15.3 0.0 0.0 15.3 ' I
2.4-Dimcshyltx.-tane 142.3 3.121 14.9 0.0 0.0 14.9 -
2.5—Dim:lhy1oc1ar1B 142.3 11.731 15.1 11.0 0.0 15.1
2,6-Di1n£rhyIoct&nc 142.3 0.723 15.1 11.0 0.0 15.1 .
2.7-111m6111y16c1ane 142.3 0.719 15.11 0.0 0.0 15.11 ' .
3.3-nimahyxmm 142.3 0.734 15.3 0.0 11.0 15.3 .
3,4-Diflmlilyiflcifinfi 142.3 11.741 15.4 0.0 11.0 15.4
3,5-111m6111y16c1a11e 142.3 0.731 15.2 0.0 11.0 15.2 .
3,6-Dirrucdayioclanc 142.3 0.131 15.2 0.11 11.0 15.2 -
4.4016161331661666 142.3 0.132 15.2 0.11 11.0 15.2
4.5-131mez11;.«16cmm 142.3 0.742 15.4 0.11 0.0 15.4
2,3-Disnethylpcmaldehyde 114.2 0.323 14.5 7.7 6.3 17.6
2,2—Dim13!hyI‘pea'1lane 100.2 0.663 14.1 0.11 11.11 14. 1
2,3—Dim=th31lpenta11: 103.2 0.690 14.3 0.11 0.0 14.3 ,
2,4-Dimethyipcntune 11111.2 0.667 14.2 0.0 0.0 14.2 1
3,3-Dimclhylpeniane 1011.2 0.6311 14.5 0.0 0.0 14.5 I
2.3-mam-.my1p3mam1 116.2 0.337 14:3 3.2 12.0 211.3 .
2.3—Dimefl'|yIpem1:naI 112.2 0.337 14.1 3.7 6.1 17.3 -
111316111311 151111161116 194.2 0.119 15.9 12.6 9.7 22.5 5
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Liquid

Dimethyl pimelaic
2.2—Dime£hylpmpauc
2,5—1'}imethylteu'a1:ydrofuran
1,4-Dioxane, dicthyiem oxide
1,3-Dimcolane

Dipemene
Diphcnyl ether
Diphcaylmelhsne
1,1-Dipropoxyethane
Dipmpylarnjne

Dipropylcnc grycul, Oxyhispmpanol
Dipmpylencrriaminc
Dipmpyi keiom-.
2.3~Di{.hiabutzne

Divinyl Ca.rbi1o19
Dodeclmc

1-Dodacanol, lauryf alcohol
2-Dodecanul, 2-dodecyl alcohol
Epichlomhychin, (chloromr.-1hy1)oxira:le
3,4-Epoxy—1-bulcnc
Ethanol

2-Ethoxy-3,4-dihydxu-I ,2-pyran
1—EIho.xycIhoxy-2—pmpanol
3-Ethoxy-4-cthyloaaml

2-Ethaxy-4-methyl-3.4-dihyximpyran
5-Elhoxy—3-xncdlylpenlaml
2-1"Lthox)'-4—meLhy1£cE:a.1zydzDpyxan
i—Ezhoxy-2-propane]
3—E£hoxypmpa|m1
3-Ethoxypmpionaldeilyde
3-Erhoxypmpionic acid
3-Eihoxypmpyl uuam

2-Ethoxy-mpmpyj-5-ethyl-3,4—dihydmpyran
2—Efl1oxy:eu'a!:ydropy:an
Eflaoxyniglycol
Ethyl acetate
Ethyl aceioacezazc
Ethyl amyialc

Ethyi amyl ketonn
N-Eshylauiline
Ethylhcnzenn:
Ethyl benzoate
Ethyl bmmide, sec Bromoethane.
2-Ethyl-1,3-humdiens
2-Ethylbutanol
2-Ethyl-Lhutcne
2-Etlayibutyl ucclate
N-Ethyibutylamins
2—Et11ylb::tyl Ca:bi:ol"°
2—Ethylbutyl Ceflosolve“
Ethyl bulyl -tther

2-Ethylbutyl 2-cshylbutyrazc
2-Em}-lbmyi 2—n:thyEhexnnoam
2—§E£hyl1Ju1yl hexanoatc
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mg mo!"

188.2
72.2

100.2
88.1
64.!

136.2
170.2
163.2
146.2
101.2
134.2
131.2
114.2
94.2

158.2
170.3
186.3
186.3
92.5
70.1
46.1

128.2
148.2
202.3
142.2
146.2
144.2
104.2
104.2
102.1
118.1
158.2
198.3
130.2
178.2
88.1

130.1
100.1
128.2
121.2
106.2
150.2

82.2
102.2
84.2

144.2
101.2
190.3
146.2
102.2
200.3
228.4
200.3

 

TABLE 18 (continued)

Ho}/’s Cohesion Parameters for Liquids (and Solids as Subcooled Liquids) at 25“C

fi!‘1\viPa“'

PIE cm‘! at 3; an 51

1.034 14.3 9.4 9.6 20.0
0.534 12.5 0.0 0.0 12.5
0.325 15.6 6.5 0.0 16.9
1.023 15.3 10.1 7.9 20.7
1.053 14.8 11.3 13.9 2.3.2
0.336 16.3 5.3 0.0 17.3
1.06! 17.4 11.2 0.0 20.7
I.{X30 17.2 9.4 0.0 19.5
0.825 13.9 6.2 5.1 16.0
0.732 14.0 5.2 5.3 16.3
1.016 12.2 10.3 17.4 23.6
0.393 13.2 1 1.5 10.6 20.5
0.311 14.6 7.5 6.9 17.3
1.055 13.9 13.4 5.4 20.1
0.964 14.3 9.0 9.4 19.3
0.744 16.2 0.0 9.0 16.2
0.529 15.5 6.5 10.3 20.0
0.325 13.7 5.3 9.2 17.4
1.163 15.9 12.3 10.5 22.7
0.369 14.3 9.3 3.6 19.7
0.785 1.2.6 11.2 20.0 25.1
0.963 14.3 3.3 4.9 17.9
0.950 13.4 8.5 12.3 20.4
0.379 14.4 6.4 9.9 10.5
0.927 14.9 3.3 3.7 17.4
0.394 14.4 8.6 12.5 20.9
0.903 15.4 7.4 2.9 17.3
0.392 13.0 3.5 12.8 20.1
0.912 14.0 3.7 14.3 22.1
0.911 13.5 9.7 10.5 19.7
1.041 16.5 11.5 16.5 26.0
0.957 14.5 3.2 3.2 18.6
0.914 14.9 6.3 4.3 17.0
0.933 14.9 7.7 4.2 17.3
1.015 13.1 3.8 13.5 20.3
0.894 13.4 8.6 3.9 13.2
1.019 13.3 11.1 10.2 20.1
0.915 13.3 9.3 7.9 38.0
0.316 14.5 7.2 5.7 17.2
0.957 17.1 10.5 7.7 21.5
0.862 16.5 7.4 0.0 1.3.1
1.041 15.7 10.6 6.3 19.9

0.713 14.3 5.6 0.0 15.4
0.329 14.4 3.5 13.0 21.2
0.634 14.3 3.9 3.1 15.2
0.374 14.6 7.0 5.3 17.0
0.735 13.9 6.2 5.9 16.3
0.933 13.3 7.4 11.2 13.9
0.390 13.7 7.3 11.5 19.4
0.745 14.3 4.8 4.5 15.7
0.861 14.3 5.3 4.7 16.1
0.353 14.7 5.4 4-9 16.5
0.363 14.4 5.3 5.5 16.4
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TABLE 18 (continued)

5°C H0y’3 Cohesion Parameters for Liquids (and Solids as Subcooled Liquids) at 25°C

513119“

8, Liquid Mfg mo!“ pl;1:1r1'° B, 5,, 5,, 5,

259 13111311 1511191 11515115 114.2 0.313 14.2 7.4 5.9 17.4
12.5 2-Edlyibutyraldchydc 100.2 0.310 14.0 7.9 7.2 17.5
15.9 B11131! butyrah-. 115.2 0.374 13.3 7.5 5.4 17.0
211.7 2-1511131111111,-7115 5515 115.2 0.919 17.4 9.3 12.9 23.5
23.2 2-E11.y1cro155a15e11yde 93.2 0.352 14.4 9.5 7.5 13.9
17,3 2111311-15155515 114.1 0.913 14.0 3.3 7.5 13.2 I
211,-; ‘E.111y}cyclnh1:xa1:1n 112.1 0.733 15.1 2.5 0.0 15.3
19,5 N—EL!1ylcyc1ohe11yIamine 127.2 0.342 15.3 7.0 3.0 17.5 !
15.0 iithylcyclopemane 93.2 0.751 15.9 3.3 0.0 15.2 I
15.3 N-Bthyldiethanohunim 133.2 1.010 13.2 9.5 13.2 24.4 i _
23.5 N-Blhyldiisnpmpanolanline 151 .3 0.940 12.5 3.4 14.1 20.5 1
20.5 4-13111311-2,5411111e111,-1.111511111511115 135.2 0.375 15.3 5.5 2.1 17.2 1
17.3 3-EtI1yl—2.2-dimethyipcntsne 123.3 0.730 14.9 0.0 0.0 14.9 f‘
20.1 3—EIhyl—2,3—di11115fl1yIpcn111n1: 123.3 0.749 15.3 0.0 0.0 15.3 I
19.3 Ethyi 2,S—endon1:1i1yi:r1e-3-cycIei1::xane1:.3r— 155.2 1.021 14.7 7.7 10.9 19.3 ',
I6_2 buxylate
20.0 Ethylem: 55151511701111. 24111515501155: 30.5 1.197 12.0 13.3 19.5 25.5
17.4 Ethylene cyanohydrin 71.1 1.041 11.1 15.2 24.7 31.0
22.7 Ethyienediaauine, 1.24.-11555511111155 50.1 0.903 12.5 14.0 15.9 25 .3
19.7 13.1111-11:55 glycol, 1.241111511511151 52.1 1.110 10.1 15.1 29.3 34.9 -
25.1 N-Ethylelhanolamine 39.1 0.913 14.3 10.5 17.3 25.1 !
17.9 15111111 511151, 315111511 51115: 74.1 0.703 13.4 5.3 5.5 15.4 -
20.4 ' 13111311 3—e1hoxyl3111y-1-ale 150.2 0.924 14.1 3.0 5.7 17.5
13.5 I 1311131 3-5111511;-11115111511515 145.2 0.943 14.3 3.5 3.0 13.4 '
17.4 3-5115113551555 ' 123.3 0.722 15.4 0.0 0.0 15.4 -
20.9 4-17.111111115111111-11: 123.3 0.725 15.5 0.0 0.0 15.5 |
17.3 5-Ethyl-3-hcpleu—Z—c:11e 140.2 0.341 15.0 7.3 5.5 13.1
20.1 1 2-Elhylircxaldehyde 123.2 0.315 14.3 7.1 5.5 17.2
22.1 3-Ezlzylhexane 114.2 0.703 15.2 0.0 0.0 15.2 .

19.7 I 2—E.£I1yIha111maic acid 144.2 0.902 17.4 3.3 11.5 22.5 I
25.0 2—EthyIhaxa110l 130.2 0.329 15.1 7.7 12.0 20.3
13.5 2-Eahyl-I-hexene 112.2 0.722 15.0 3.5 0.0 15.5
17.0 2-Ethylhexyl 55:11:: 172.3 0.357 14.3 5.3 5.4 17.0
17.3 2-E111y111exy1 55111115 134.3 0.331 13.9 5.3 4.5 15.1
20.3 2-Ezhylhexylamine 129.3 0.734 14.3 5.5 5.9 17.3 I
3.2 2—E!hyI!1.axyl 1211111111111-1 213.3 0.913 13.9 7.1 10.5 13.9
10.1 2a111y111e.11y1 05115551159 174.3 0.330 13.7 5.7 10.5 13.5 .
3.0 2.311141111111111 5111511115 143.7 0.377 15.5 5.4 2.4 15.5 I
7.2 2-511111111511111 515151111.-. 193.3 0.331 15.4 5.7 5.2 17.9
:1.5 2-Ethyihcxyl 2-cthylbutyrate 223.4 0.353 14.1 5.3 4.5 15.7 !
3.1 2-E£byIhexyl—2—elhylhzxa11oate 255.4 0.355 14.7 5.1 4.7 15.2
9.9 2—E!hyIhexyl 1151555515 223.4 0.1159 14.5 5.4 5.5 15.4 |

3-(2-EtI1y]hexoxy}p1'opyIamine 187.3 0.843 14.2 6.7 6.8 17.1 |
5.4 .2—E£hyI|1:x)'l 45551555515 212.3 0.374 14.5 5.3 5.3 17.0
1.2 E1hy1'1dc11ea1:e£o11e 34.1 0.1150 14.3 9.9 9.7 19.9
5.2 N-Eznyusopmpuommne 103.2 0.332 13.5 9.5 14.5 22.1
7.0 Ethyl inn-propenyl ether 35.13 0.754 14.1 5.9 2.7 15.9
5.3 511111 isopropyl ether 100.2 0.305 15.3 5.1 5.2 17.3
3.9 N—EthyI-01—rr1ol!'1y|he21zyInmine 149.2 0.905 15.4 3.3 4.3 13.2
9.4 2-5051-2-51501;-1-1.3-5151515115 1 15.2 0.932 15.4 3.5 0.0 17.5
1.7 3-E111y1.2.me111y111ep1an.-. 142.3 0.741 15.4 0.0 0.0 15.4
1.1 3-Ethyl-3-lncfiiyllicplane 142.3 0.745 15.4 0.0 0.0 15.4
1.5 3-F1hy1—4-15515315551155 142.3 0.743 15.5 0.0 0.0 15.5
1.4 4—E1.I3yI—2—me!i1ylhepIax1e 142.3 0.731 15.2 0.0 0.0 15.2
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H£1y’s Cohesion Parameters for Liquids (and Solids 5111 Subcnnled Liquids) at 25°C
6111491113

Liquid Mfg mo!" pig cm" 6,, 8, 8,, 6,
4—ErhyI—3—m1:£hylhepfl1nc 142.3 0.743 15.6 0.0 0.0 15.6
4-Etllyl-4—mcd1yZ]1eptane 142.3 0.747 15.6 0.0 0.0 15.6
5-E£hyI—2—mcthy1hcpI1mc 142.3 0.731 15.1 0.0 0.0 15.1
5-Ethyl-3~mcthylI1q}Ia£1e 142.3 0.733 15.3 0.0 0.0 15.3
3—££hyl-2—1II0£!1y1bcxaue 123.3 0.726 15.2 0.0 0.0 15.2
3-E1hy1-3-memyzzmane 123.3 0.736 15.2 0.0 0.0 15.2
4-Eth)-I-2-met11yJ.h1:xa11e 123.3 0.713 15.0 0.0 0.0 15.0
4-Elhyl-3~me£hylhexa.11c 123.3 0.737 15.4 0.0 0.0 15.4
3-ELhy!—2—mc!hyipe11tanc 114.2 0.714 15.0 0.0 0.0 15.0
3-Ethyl-3—mc¢hyIpen1a11c 114.2 0.722 14.9 0.0 0.0 14.9
2—Efl'1y1-3—1nezl1)r}-l,5—pe:1I1mcdio} 146.2 0.962 14.2 10.7 16.9 24.5
5-Ethyl-2—mefl1ylp1'peridi12e 127.2 0.1134 15.7 6.9 1.6 17.2
7—E111y1-2-m61hy1-4-u6d6cano1 214.4 0.331 14.3 5.6 3.2 17.4
N—E£byimm'ph0I.i:1c 115.2 0.903 16.6 7.6 0.7 13.3
5-Efl1y}—2-nonaszonc 170.3 0.333 15.1 6.3 6.3 17.5
5-13111y1-2.6666661 172.3 0.1131 14.3 6.1 9.6 13.3 -
3-13111y16cza.-16 142.3 0.735 15.3 0.0 0.0 15.3 .'
4-Ethyincranc 142.3 0.735 15.3 0.0 0.0 15.3
4—Ethy!0clan-3} 153.3 0.334 14.9 7.0 1 1.0 19.3
3~E¢hy}p1:11I3ne 100.2 0.693 15.0 0.0 0.0 15.0
2—5x11y1-1.566111116611161 132.2 0.964 13.3 10.11 13.9 25.3
Ethyi pmpionare 102. 1 0.334 14.0 3. 1 7.3 17.9
2-Ed1yi—3-propylacroicin 126.2 0.346 14.9 3.4 6.6 13.3
2-Ethy!-3—propylacry}ic 61:16 142.2 0.943 13.9 10.1 12.9 25.1
2-Ethyl—2-propylhcxanoi 172.3 0.350 13.9 6.6 9.7 13.2
Ethyl pm-pyf 11616116 100.2 0.311 13.9 7.9 7.3 17.6
3-Ezhyz-4-pxnpyzseuahyctxopyran 156.3 0.1174 16.9 5.2 0.0 17.6
m—Efl.1}'Zsz)'1'er1e 132.2 0.339 16.3 7.7 0.0 13.5
m-130911610666 120.2 0.359 16.4 6.7 1.5 17.3
6-13.111311115111661: 120.2 0.375 16.3 6.9 0.0 111.1
p-Ethyltolucne 120.2 0.359 16.4 6.6 2.1 17.3
Fl1.IOrOhfllJ.2BI2B 96.1 1.015 15.4 9.0 5.2 13.6
2—F0rmyl—3.4—dihydm—2H—pyza.a 112.1 1.070 13.3 12.0 9.6 20.6
Glycerol, l,2,3~propane0'ioI 92.] 1.2.58 9.3 15.4 31.4 36.2°G1yoe161 613661.-111: 213.2 1.153 14.9 11.6 11.2 22.0
11131661 013661136 146.1 1.099 14.4 11.2 10.6 21.1
0131661 616166166616 174.2 1.042 14.1 9.7 9.2 19.4
Hcptane 100.2 0.679 15.3 0.0 0.0 15.3
2,4—Hep1ane1iinI 132.2 0.926 13.4 9.9 16.11 23.7
I-Heptanol 116.2 0.319 15.1 3.0 13.0 21.5
211ep6u1o1 116.2 0.313 14.6 7.4 11.7 20.1
3-116pumo1 116.2 0.317 14.6 7.5 11.3 20.2
1-116151611: 93.2 0.692 14.6 3.6 2.7 15.3
cs:-2-Hcpcenc 93.2 0.703 15.0 3.4 2.3 15.6
trans-2-Hcptcnc 93.2 0.696 14.9 3.1 2.9 15.5
(‘Li-3-Hcpflfllle 93.2 0.697 14.3 3.3 2.5 15.4
!ran.f—3-Heptcfle 93.2 0.693 14.3 3.1 2.3 15.3
3-Heplfln-2-one 112.2 0.342 15.5 9.0 6.4 19.0
2-Hfipty} 8.08131: 153.2 0.357 14.6 6.6 4.9 16.3
3-Heplyl 6661411: 153.2 0.360 14.5 6.6 5.0 16.7
Hcptyfbcrxmnc 176.3 0.351 16.5 5.6 0.0 17.4
3—Heptyl carbimzv 204.3 0.924 13.4 7.2 10.7 13.6
3-I-Ieptyl c'6116s61ve° 160.3 0.330 13.3 6.9 10.7 13.4
2,4—f-Eexzzdienai 96.1 0. 333 15.1 10.4 11.2 21.5
Hexaldehyde 100.2 0.1109 14.2 7.9 3.2 13.2
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TABLE 18 (continued)

Hoy’s Cohesion Parameters for Liquids (and Solids as Subcooled Liquids) at 25‘’C

—— 31141169

5‘ 1.166111 M1; !‘|1I'lI—1 pig 6614 8.1 6, 3. 3.
15.6

15-5 116.1666 36.2 11.654 14.9 0.0 11.0 14.9

15-1 2,.=6116x66116161 113 .2 0.957 14.2 10.7 19.3 26.2
15.3 g,5.;16m6¢16n6 114.1 11.967 13.6 11.6 11.6 21.1
15-2 116666616 6616 116.2 0.923 17.2 9.2 13.3 23.9
15-2 1-11666661 102.2 0.316 15.0 3.5 13.7 22.0 -_
15-11 2-H€X8.l1DI 102.2 0.310 14.4 7.9 12.3 20.5
15-4 3-Hc,..,,,,_~.1 1112.2 0.314 13. 5 7.7 11.6 19.4
15-0 14166666 34.2 0.663 14.4 3.9 0.0 15.0 .
1‘-9 Li!‘-2—H€Xcl‘Ifl 34.2 0.631 14.6 3.5 3.1 15.3 3
24-5 mm-2-1166666 34.2 0.673 14.6 3.3 2.9 15.2 I-
17-3 ._-1-6.3.116;6n6 114.2 0.674 14.4 3.5 3.4 15.2
17-4 1ms.3.H6x666 34.2 0.671 14.5 3.3 3.2 15.2

18-3 11611y166616n6 144.2 0.369 14.9 7.0 6.4 17.7 _
17-5 1166,11 Kfylfle 156.2 6.333 14.7 7.5 6.6 17.3 1f
111-3 116-.1y1am1n6, 1-16-6166661166 101.2 0.762 14.2 7.1 6.9 17.3 I
15-11 1«166y1666 g1y661 113.2 0.913 12.5 11.4 16.3 23.1 I
15-3 1166371666 glycol 616661616 202.3 0.994 13.4 3.7 7.0 17.4
19-11 116xy1 Ca:bi1ol‘11 190.3 0.929 13.9 7.5 12.0 19.11
151° Hexyl cc116661v69 146.2 0.333 13.3 7.2 12.1 19.7
25-3 Hcxy] 611166116, 14131616361666 120.6 0.373 15.6 6.0 4.0 17.2
17-9 1-16xy1 2-6111;-11m1yz616 200.3 0.356 14.3 5.7 5.2 16.2 :
13-3 Hexyl 6111371 C61611619 213.3 6.331 14.3 6.1 7.2 17.1 .
25-1 116113.11 2611ay166x666616 223.4 0.353 13.3 5.2 5.2 15.6 I
13-2 11611371 166666616 200.3 0.353 14.7 5.3 6.1 17.0 1
17-5 N-(2-11ydmxy6111y1)morp11o1166 131.2 1.063 15.3 3.7 13.3 22.4 '
17-5 ; N-(2-Hyd1'oxycd1yl)piperidim'. 130.2 1.056 15.0 11.0 15.3 24.1
13-5 .-" 1v-(2-1-1ydmy6111y1)p16py1666316msn6 1 13.2 0.933 15.0 12.3 19.2 27.3
17-3 3 16666671 61661161. 3-Jlneihyl-I—bI.l‘[El10I 33.2 0.306 15.2 9.3 14.1 22.7
11‘-1 1; .1'ec—I3oa1nyla.Ic0l10l, 3-lnclhyl-2-bufflnfll 33.2 0.313 14.0 3.4 12.4 20.5 _
17-3 J 1661161311 6661616 116.2 0.366 14.5 7.3 5.1 17.2 I
13-'5 Ifiob!.l1'yIfic!')|'I&I.e 123.2 0.334 14.1 3.4 5.7 17.4 . "
29-5 1666616661, 2-mc111y1-1-p1op6661 74.1 0.793 14.4 9.3 15.0 23.0 -
35-3 16611611;-1 11666666 134.2 0.343 15.7 6.3 0.0 16.9 ;
22-‘1 I 1666u1y1 c6116661v6¢ 113.2 0.337 13.9 7.6 12.6 20.2
21-1 16636131666 661616 72.1 0.301 15.7 3.4 1.3 17.3
19-4 1 Ififlhutyl Ilfiiltyl 1166666 134.3 0.313 14.7 6.0 3.6 16.3 !
153 1s61m1y1 ifi0bIl£)|'l'flIe 144.2 0.349 14.2 7.0 0.0 15.3 E
23-7 Isobmyraldehydc 72.1 0.734 13.1 9.0 3.4 17.9 '

21-5 I ISOb‘1it)'I'iC 661:1 33.1 0.943 15.4 9.9 16.2 24.5 ;
311‘-1 Isotmtyronitrile 69.1 0.765 13.3 10.6 10.6 20.1 =
21’-3 .1 1963666661 153.3 0.335 14.4 6.9 10.7 19.3
15.3 5- 16666161161 130.2 0.327 14.4 7.3 12.9 20.7

'5-5 16661161666 133.2 0.917 16.4 9.4 3.2 19.2
15-5 - 16666666, 2-166111311-1,3-11616136116 68.1 0.675 13.7 5.3 4.0 15.3
15-4 Isopropyi 6661616 102.1 0.366 14.3 3.4 5.7 17.6
15-3 lsnptflpyl 666166661616 144.2 0.934 13.4 10.4 3.5 19.0 1

_ Isopropyl alcohol, see 2-propnnol
I6’? Isopropylamme, sec 2-propanammc 59.3 0.68] 12.6 3.6 7.0 15.8

. 166pr6py1666z666 120.2 0.357 16.2 6.9 0.0 17.6
-7-‘1 :' lsopmpyl 116666616 164.2 1.005 15.6 10.0 3.9 13.9

3-5 ; 1s6p.r6py1cy616116x666 126.2 0.797 16.0 2.5 0.0 16.2
11-“ 1 1s6pr6py16y616p661666 112.2 0.771 15 .6 3.1 0.0 15.9
-1-5 N—!snpfOpyIdi1.S0‘prOpfln0Ia111§nc 175.3 0.935 12.7 3.2 13.2 20.1
3-2 '. 166pmpy1611161. 2,2’-6666166166666 102.2 0.713 13.6 4.7 1.5 14.4
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TABLE 18 (continued)

Hoy’s Cohesion Parameters for Liquids (and Solids as Snbcooled Liquids) at 25°C
fifMPa"‘

Llqaid Mfg moi" pig car’ 8,, 8, 0., 5,

N—1sa;u1)pyIis0propano1anI1ne 117.2 0.868 13.5 9.0 12.8 20.7
4—1sapropy1heptzne 142.3 1.056 15.2 0.0 0.0 15.2
Isupmp)-1 6-me1hy1—3-cyclohexemcarboxybmc 132. 3 0.939 15.4 7.9 0.0 17.3
.N—Isepmpy1morpbo1ir1e 129.2 0.909 16. 4 7. 1 0.0 17.9Lam)-1 31031101, see 1-Dodecanoi

Mcsityi oxide 93.2 0.854 14.7 9.6 6.6 18.3
Methax:-qrledchyde 70.1 0.841 12.5 10.7 8.8 13.7
Methacrylic acid 86.] 1.009 17.0 13.0 16.2 26.8
Meflaaliyi cyanide 81.1 0.829 13.9 11.5 10.5 20.9
Methanol 32.0 0.736 11.6 13.0 24.0 29. 7
1-Mcflwxy-1.3-buzadiene 84.1 0.826 14.4 8-0 3.2 13.4
3-Mexhoxylmtanol 104.2 0.917 14.1 3.3 14.3 22.0
3—Me£hoxybu1y1 acetate 146.2 0.949 14.3 8.6 7.5 18.3
3-Methoxybutymldehyde 102.1 0.921 13.7 9.9 9.9 19.6
4—Mcl11oxy—2,6-dipmpyl-1 ,3~c1io;xane 2112.3 0.929 14.9 7.3 5.3 17.4 i4—Me£boxy4~me1hy1-2-pentanone 130.2 0.903 13.4 3.8 6.3 17.2
3—Methoxypmpion1tn'1e 85.1 0.934 13.7 12.0 14.5 23.3
Mednxytdglyeol 164.2 1.043 13.4 9.4 14. 8 22.0
Mexhyi acetate 74.1 0.927 13.3 9.5 10.4 19.4
Memyi aeelueoetaie 116.1 1 .071 13.6 12.2 12.0 21.8
Methyl acrylalc 86.1 0.950 13.2 10.2 9.4 19.2
Mezhylnmyl alcohol 102.2 0.1103 13.1 7.6 10.5 18.4
Methyl amyi kemne 114.2 0.811 15.1 7.6 7.2 18.4
Mefayl benzene 136.2 1.081 15.9 11.5 7.2 20.8
a-Methylbenzylamine 121.2 0.948 16.1 I I .1 5.0 20.4
u-Methyfbemyl Celiosolvea’ 166.2 1.034 13. 7 9.5 1 1.9 20.5
a-Methyibenzyidiraethylaxninc 149.2 0.899 15.9 7.3 0.0 17.5
2-MeI.11y1—1,3—butad1ene, see Isoprene

2—Methy11nI1ane 72.2 0.614 13.8 0.0 0.0 13.11
2-Methyl-1-butane 70.1 0.645 13.6 4.1 3.7 14.7
2—Met1zy1—2-butane 70. 1 0.657 14.2 4. 1 3.8 15 .2
3-MeI1:y1—1—butene 70.1 0.621 12.7 3.8 3.7 13.7
N-Meflzyibulyianiine 37.2 11.723 14.2 6.7 6.6 17.0
Methyl bury] kelone 100.2 0.806 14.1 7.9 7.1 17.7
Methyl sec-hutyl kewne 100.2 0.008 14.1 8.0 6.2 17.4
Methyl ten-b1ny1 kelone 100.2 0.801 14.1 8.2 4.1 16.8
3-Metfiylbutyraldehyde 86.1 0.795 13.6 8.5 7.5 17.7
Methyl Cu:-bito1“’ ' 120.2 1.015 13.4 9.6 15.8 22.13
Methyl Carbimi aoetaaae 162.2 1.034 14.6 9.6 10.3 20.3
Methyl Ce13oso1vc‘3 76.1 0.960 13.0 10.0 17.4 23.9
Me1i1y1Ce1106o1ve acetate 118.1 0.999 14.7 9.11 9.9 20.3Methyi chlumfonn. see 1,1,1-
Trichlomcmane

4-Me1hy1cye1ohexy1mefl1y1a.m1ne 127.2 0.888 16.2 8.0 5.1 18.8
Meihylcyclopeutane . 84.2 0.743 15.7 3.5 0.0 16.0
N-Methyldibutylamine 143.3 0.755 15.2 3.2 2.9 15.8
N-Methyldiezlzmmlernine 1 19.2 1.036 12.8 1 1.0 211.1 26.2
4—Melhy1-3,4-dihydropyran 98.2 0.890 15.5 7.9 2.5 17.5
2,5—cm2'oMc1hy1enecyI:lohexylmelhy1nminc 125.2 0.936 16.5 8.2 6.1 19.4
2,5-endoMe11:y1eaeeyc1ohcxane- 1-methanol 14-0. 3 0.986 16.4 9.0 11.1 21.8 I
2,5-endaMe11:y1ene-3 -cyclohexenyl acetate 152.2 1.045 16.0 9.2 5-4 19.3 .
2.5-endoklethylenecyclohexyl acetate 154.2 1.022 16.7 8.2 5.1 19.3 |
Methylene dichioride, see Dichloramethane I
N-Mefluylethanoiamine 75. 1 0.936 14.1 1 1 .4 20.0 27.0 1
Methy1e11:y1Ca11a1to1‘9 148.2 0.913 14.5 7.6 3.6 18.5 1
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TABLE 18 (continued)

Hoy’s Cohesion Parameters for Liquids (and Soiids as Subcouled Liquids) at 25°C

 

25°C

31111351-1

3_ Liquid M1‘; 1130!" pig cm" 6, B, B. 8,

20.7 1115111111 11111111 511151 50.1 0.592 13.0 5.7 5.2 15.5
15.2 1v1e111;.«1e111y1 1151555 72.1 0.300 14.1 9.3 9.5 19.3
17.3 2—Me£i1yI—543thylpyridine 121.2 0.915 17.7 7.7 2.5 19.5
17.9 2-Methyiheptanc 114.2 0.593 15.11 0.0 0.0 15.0

3.1115011113551555 1 14.2 0.700 15.1 0.0 0.0 15.1
131; 4.1111:-.411;-111515111151: 114.2 0.599 15.1 0.0 0.0 15.1
13.7 2-115111111-1-115155511.-1 112.2 0.715 14.9 3.5 0.0 15.3
25.3 2-111551511-24151115115 112.2 0.719 15.3 3.5 0.0 15.7
20.9 3-Mcthy3—2—I'1e;1tez10 1 12.2 0.705 14.4 3.4 1 .3 14.9 I
29.7 3.1451113-1-2-115515115 112.2 0.724 15.3 3.5 0.0 15.7
13.4 4413501,-1-14-151115115 112.2 0.712 14.5 3.5 0.0 15.0
22.0 S-Mclizyl-I-hepiene 112.2 0.711 14.5 3.4 2.0 15.0
13.3 511.5-Meuayz-2415515113 112.2 0.713 15.2 3.2 0.0 15.5
19.5 6-Methyl-I-hcpteI1e 112.2 0.707 14.5 3.4 2.2 15.2
17.4 c:'s‘-6-M:lhyl—2—heptene 112.2 0.713 15.1 3.2 0.0 15.4 '
17.2 Mcthyl 111-.p1y1 11515.15 142.2 0.321 14.5 5.9 4.5 15.3 I
23.3 2—Mefl1y1hc11a.1'1c 100.2 0.573 14.3 0.0 0.0 14.3
22.0 3-1.1501511151111115 100.2 0.532 14.9 0.0 0.0 14.9 '
19.4 5—Med1yl-2-hexane! 115.2 0.303 14.9 7.5 11.3 20.2
21.3 Methyi hexyl 1451555 123.2 0.314 15.1 7.2 5.3 13.0
19.2 N-Methylhornopipaazine 114.2 0.922 15.3 3.9 5.5 19.4
13.4 111511151 3-hydmxybutymte 113.1 1.053 11.9 10.9 14.5 21.3
13.4 111511.311 1s54my1 11515115 114.2 0.307 14.9 7.7 5.3 17.7
20.3 1115111311 11151151311 11515115 100.2 0.795 14.4 3.1 5.9 17.5
20.4 Methyi 155537111115 57.1 0.951 11.2 12.2 13.5 21.7
20.5 1145111311 1359:5111-.5311 115155.: 34.1 0.347 14.11 10.3 7.1 13.3
17.5 1.451151 115510534 115151111 35.1 0.793 14.5 3.3 5.5 13.3

1145114311 meshacryiaac 100.1 0.930 13.7 9.3 5.1 17.9
13.3 l-Me1i1yl-2,5-end:m1etI1yIeuecyciul1exan.e-1- 125.2 0.993 14.5 7.5 21.5 27.2
14.? 5051111111111

15.2 1-Methy}napl1t!mi1:1'1e 142.2 1.014 17.9 9.5 0.0 20.3
13.7 2.111511014155155 142.3 0.723 15.5 0.0 0.0 15.5 .
17.0 3-1.1501;-111111111115 142.3 0.723 15.7 0.0 0.0 15.7 -
17.7 4.3151115115511555 142.3 0.727 15.7 0.0 0.0 15.7 . '
17.4 5-Mediyinonsnc 142.3 0.723 15.5 0.0 0.0 15.5
15.3 2-Methyiuctme 123.3 0.703 15.4 0.0 0.0 15.4
.7.7 3.114501311551555 123.3 0.715 15.4 0.0 0.0 15.4
12.3 4.1115313115511111: 123.3 0.715 15.4 0.0 0.0 15.4
10.3 2—Me!hyipenta.113! 100.2 0.305 14.1 3.0 7.1 17.7
3.9 2.115131715551555 35.2 0.543 14.4 0.0 0.3 14.4
0.3 3-Me£hy1penta111: 35.2 0.559 14.5 0.0 0.0 14.5

2-1115111y1—1,3.pen1am-.0151 113.2 0.959 13.0 10.9 13.5 25.2 I
2-M1:1h31‘£—l.5-pemancditul 113.2 0.970 14.2 11.5 20.5 27.5 ; '

3.3 2—Methylpcm.a13oic 55111 115.2 0.913 15.5 3.9 11.3 21.5
5.0 2—Mc:hyipe1:1tat113l 102.2 0.320 14.2 3.5 12.5 20.3 '
1.3 2-Methyl-2-pensazlol 102.2 0.311 13.3 9.2 11.1 19.5
1.2 221115111311-3-115111111151 102.2 0.320 14.7 3.0 12.1 20.5
1.5 3-Mcz11y1pm1m51 102.2 0.319 14.3 3.5 13.0 21.5
1.4 3-Met|'.1yl—2—pen2a.IIol 102.2 0.325 15.2 3.2 12.5 21.4
-3 3—Me1hyl—3—pe11ta11ol 102.2 0.324 11.4 3.7 10.1 17.5
-.3 4—Methylpe1'1ta11ol 102.2 0.309 15.5 3.7 13.4 22.3
=.3 2.1051110255515531 93.2 0.351 14.3 9.5 7.7 19.2

2-Methyl-1-pcntcne 34.2 0.574 14.1 3.9 3.2 14.9
.0 2-01513y1-2—p551eue 34.2 0.530 14.4 3.3 3.4 15.3
.5 3—Me!l:yl-1-pe11l1-,0: 34.2 0.552 13.7 3.7 2.9 14.5
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Hoy’s Cohesion Parameters for Liquids (and Solids as Snbmoled Liquids} at 25°C

3:'MPa"‘

liquid M/g E10!" pig 01.11" 5, B, 8, 8,

4-Me1.|!1y!—]—pe110:nc 34.2 0.653 13.6 3.7 3.0 14.4 ' '
c111-4-McflIyi—2-pcnmne 114.2 0.664 14.2 3.5 0.0 14.6
trans-4-Ma111yl—2-pcntcne 114.2 0.663 14.4 3.3 0.0 14.7 .0
4-Methyl-2-pentyl aoemc 144.2 0.1153 14.4 7.0 3.0 16.3 I
4—MetbyI-2-peniyl butymtc 172.3 0.349 14.1 6.2 3.6 15.11
2-Mcflzylpcntyl 6161166611411 146.2 0.332 13.6 7.2 1 1 .4 19.2
4-Me‘lhyl—2—pcmy1‘ Cellosoiw: 146.2 0.374 13.4 7.3 10.6 13.6
N-M1:1hyIpipc.1'a7.i11e 100.2 0.393 16.7 9.0 5.2 19.6
2-Mediylprapaxm, isohntane 53.1 0.550 12.5 0.0 0.0 12.5
2—Mct11)'l.pmpen0, isobutylene 56.1 0.537 12.6 4.2 3.0 13.6
M0113-1 I-pr0pe.nyIe1i'1cr 72.1 0.771 14.7 7.3 7.3 13.2
M1-.Lhyl propionate 88.1 0.909 13.9 8.8 8.9 13.7
Meazyl propy! 161666 36.1 0.301 14.6 3.11 7.0 13.4 ,
2—MeLhyI-2-propylpenimwl 144.3 0.333 14.3 7.3 10.2 19.0
N-1\6e:11y1-2-pyn-6116666 99.1 1.020 16.5 10.4 13.5 23.7
a-Mcthylslyrcne 113.2 0.905 16.6 11.5 0.0 13.6
2-Memyi-1,2,3,6-rc1n1uydmbcnza10ehyde 124.2 0.942 15.4 9.5 6.5 19.2
4-Mcthylmtmhydmpyran 100.2 0.953 15.3 6.3 0.0 17.0
2-Melhylthioefllyi scrylaie 146.2 1.060 14.4 11.5 7.9 20.1
2—Mct|1y!LhiapI1e11e 5111.2 1.012 15.1 12.1 2.6 19.5
3—Mell1ylt!1iophcne 93.2 1.015 15.2 12.1 1.3 19.5
Menoethanolaxnine, 2—u.min0ethan01' 61.1 1.012 13.9 13.8 25.9 31.8
Mo hmim. iscapropanolarraine 75.1 0.956 13.9 12.3 20.1 27.3
Morpholine 37.1 0.995 16.0 11.4 10.1 22.1
Niuobmzune 123.1 1.190 17.6 14.0 0.0 22.5
11104361114116 75.1 1.045 19.0 13.0 0.0 23.0
I—Nit10pr0p1me 39.1 0.996 13.1 1 1.2 0.0 21.3
2—Nim3p1'opane 119.1 0.985 16.5 10.4 6.6 20.6
Nonane 123.3 0.713 15.6 0.0 0.0 15.6
1-Nmanol 144.3 0.323 15.3 7.3 12.0 20.7
sec-Nananol 144.3 0.319 13.9 6.6 10.3 13.5
I-Noaene 126.2 0.724 15.4 3.4 0.0 15.3
Nonyrbemne 204.3 0.351 16.0 6.3 0.0 17.4

' Nonyl c6116so1ve0 133.3 0.365 13.7 6.4 9.2 17.7
I-Nonylynaphthalena 254.4 0.932 17.4 6.6 0.0 111.6
Nonylphezwl 220.4 0.941 15.6 6.7 9.1 19.3
Oclane 114.2 0.693 15.4 0.0 0.0 15.4
I-Ocumoi 130.2 0.322 15.2 7.7 12.4 21.1
2—OCtal}0I 130.2 0.317 14.1 6.9 10.9 19.1
I-oczene 112.2 0.710 15.0 3.5 2.3 15.5
213-2-£16163: 112.2 0.719 15.1 3.2 0.0 15.5
mm—2—0c1cne 112.2 0.714 15.1 3.0 0.0 15.4
£1’.-1-3-0010111: 112.2 0.716 15.1 3.2 0.0 15.5
Irarzs-3-0010110 112.2 0.710 15.1 3.0 0.0 15.4
60-4-oc:cne 112.2 0.716 15.1 3. 2 0.0 15.4
1rw1sL4-Octane 112.2 0.709 15.1 3.0 0.0 15.4
Octylbenzcae 190.3 0.351 16.7 5.4 0.0 17.5
1.4-omhmnc 104.2 1.112 16.3 12.3 5.2 21.5
Pmtadecane 212.4 0.764 16.3 0.0 0.0 16.3
trans-1.3-Pen1adic1'1c 63.1 0.671 14.1 5.3 4.3 15.3
Fenlmc 72.2 0.621 14.4 0.0 0.0 14.4
1,5-Pflltmledifll 104.2 0.937 13.9 12.2 22 .3 29.4
1-PGIIIHROL 1111131 4166661 113.2 0.311 14.3 9.1 14.7 22.7
2-1=em.4n61, m-amyl alcohol 33.2 0.305 15.0 11.5 13.7 22.0
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TABLE 18 (continued)

Hoy’s Cohesion Parameters for Liquids (and Solids as Subcooled Liquids) at 25°C

Liquid

3—Pm1tanol
1—Penten-c
cit-2-Pcntene
trans-2-Pentene

Pentyl acetate
Pcnlylcyciohexsmc
Pcrchlomethyiene. tctracluiumahylene
Phenoxypropylenl: oxide
Phcnyl Camila!‘
Pheny! Ccllosoh-e‘
Phenyl Cellosc-1ve"' aceiate
N-Phcliyleiilanolamine
Plmcnylhydmzine
N-Phenylpipetazine
Picoline

Pinamlyi alcohol
4:r—P111£nB

Pipcridine
Pivaldaelayclc
Poiyglyoolamine H221M
Propunah pmpionaldehydc

2—Px-opanol, isoplupmml
Propasofl‘ Solvent B. humxypropauol
Pmpasolw Solvent DM
Pmpssolfi Solvent M
Propas01° Solvenl P, propmcypropanol
Pmpionic acid
Propionic rmllydridc
Pzopinnitrile
Pmpyl acetate
Propyiamim-.
Pmpylbcrlzene
Prapyl Caxbitolfl
Prupyl chloride. sec chlumpmpane
Pmpylcyclohexalie

Prepylcydopcmane
Pmpylenc chlorohylirin
Propylene diamine
1’mpy1¢:m-. dichloride. soc 1,3—dic11loropro-
Pam

Pmpylane giycol, I,2—propanedio1
Propylene oxide, methylnxirane
4-Propylhcpume
2-Propflhcplanoi
m-Propyllolrucne
o—Propy1to111en¢

Mfg mo!“

88.2
70.1
70.1
70.]

130.2
154.3
165.9
150.2
1821.2
138.2
180.2
137.2
108.1
162.2
93.1

102.2
136.2
85.2
86.1

221.3
58.1
4-4.]
76.1
60.1
60.1

132.2
148.2
90.1

118.2
74.1

130.1
55.1

102.1
59.1

120.2
148.2

126.2
112.2
94.5
74.1

76. I
58.1

142.3
158.3
134.2
134.2
134.2
79.1

104.2
120.2
154.2

9:’: cm"

0.816
0.635
0.649
0.642
0.869
0.799
1 .611
1.104
1. 109
1. 103
1 .101
1.091
1.095
1.064
0.950
0.815
0.853
0. 357
(1.786
1 JJ114
0.791
0.492
1.050
0.799
0.781
0.378
0.955
0.917
0.880
0.988
1.005
0.777
0.881
0.712
0.856
0.963

0.788
0.771
1.106
0.858

1 .033
0.823
0.731
0.1128
0.855
0. 869
0.853
0.973
0.901

1 .048
0.927
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 Sflhrll-‘am

at 8| 51: 8:

13.9 8.3 13.0 20.8
1.3.9 4.1 0.0 14.5
14.5 3.8 0.0 15.0
14.1 3.4 3.6 14.9
14.3 '13 5.7 17.1
16.0 2.3 0.0 16.1
11.4 15.2 0.0 19.0
17.6 11.8 7.6 22.5
14.4 10.4 14.3 22.9
13.7 10.4 16.0 23.5
16.2 11.} 8.8 21.5
15.2 11.9 17.0 25.7
15.6 14.9 13.7 25.5
18.1 11.4 3.2 21.6
18.2 7.8 6.8 20.9
14.2 8.0 10.6 19.5
15.6 4.3 0.0 16.2
16.2 8.7 5.8 19.3
13.4 21.5 5.5 16.8
13.9 9.2 10-8 19.8
12.6 9.7 11.0 19.3
11.8 0.0 0.0 11.8
12.4 14.1 27.1 33.0
14.1 10.5 17.7 24.9
14.0 9.8 16.0 23.4
13.2 7.5 11.5 19.0
13.1 8.6 12.2 19.8
12.9 9.2 14.2 21.3
13.2 8.0 12.1 19.5
15.3 11.2 17.1 25.5
12.6 11 .4 10.4 19.9
12.6 1.1.5 13-8 22.0
14.1 3.1 7.8 18.0
13.9 9.3 7.2 18.2
16.2 6.9 0.11 17.6
13.1 8.4 13.2 20.4

16.0 2.5 0.0 16.2
16.0 3.1. 0.0 16.3
12.9 11.6 16.0 23.6
13.5 12.8 12.8 22.6

11.8 13.3 25.0 30.7
13.6 8.2 10.4 111.9
15.3 0.0 0.0 15.3
14.5 6.9 10.6 19.2
16.5 6.3 0.0 17.7
16.7 6.5 0.0 17.9
16.5 6.2 0.0 17.6
17.6 10.1 7.7 21.7
16.8 9.] 0.0 19.1
17.5 11.4 5.1 21.5
13.9 7.9 10.2 19.0
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TABLE 13 (continued) l . .j
Hoy’s Cohesion Parameters for Liquids {and Solids as Subcooied Liquids) at 25°C - --

 8/MPH‘

Liquid Wg moi“ pig can‘! 5, 5, 8, 8,

Te-tradecane. 198.4 0.758 16.6 0.0 0.0 16.6 ‘
1.1,3.3-Tekaethaxypznpane 220.3 0.913 13.5 1.4 6.7 16.8
1,2,3,6-Tetrahydmbenzsldehyde 1 10.2 0.966 15.6 10.3 7.6 20.1
1.2,3,6-’1'e:.1'ahydmbenz0ic acid 126.2 1.077 18.6 11.3 13.7 25.7
1,2.3,6—Tetrn11ydrobenzm3iui1e.- 107.2 0.951 15.4 11.5 10.0 21.7
Tctrailydrofuran 72.1 0.382 13.3 11.0 6.7 18.5
1,2,3.4—Ten'nl1)rdmna.ph1ha.lene 132.2 0.964 17.8 7.8 0.0 19.4

'1‘en'abydropyran—2—m:z1;a.nnI 116.2 1.021 14.4 9.6 13.5 22.0 v
1,1,3,5-Teuanxethoxyhexanc 206.3 0.952 13.7 7.7 7. 1 17.3
2,2,3,3-Tetrsmcrhylbutane 114.2 0.320 17.1 0.0 0.0 17.1
N.N,N,N-Ten'amethy1—1,3—butanediam?nc 144.3 0.797 15.2 4.7 2 .0 16.0

N,N.N.N-Tetrmnelhyl-1,2—e1.hy1enedimninc 116.2 0.772 15.0 5.1 2.7 16.0 _ -
2,2.3.3—Tct.rame1hy1penIanc 128.3 0.746 15.2 0.0 0.0 15.2
N,N,N.N—'1‘au'aJ11c£11y1-1,3-propanediamiae 130.2 0.777 15.1 4.8 2.6 16.1
2'I‘11iabutane 76.2 0. 835 14.6 3.7 5.7 17.9 ,
Tlmtcyclopcntzne, Ieuahydmthiophcne 88.2 0.992 17.4 10.9 0.6 20.5 _
2-Thiapropane 62.1 0.841 14.2 9.6 6.7 18.4 , -
'1‘hiop.benc 84.1 1,057 14.0 12.4 7.5 20.0
Toluene. mcthylhemnime 92.1 0.862 16.4 8.0 3.6 18.3
To1ylenc diisocyamue 174.2 1,212 15.3 16.4 7.8 23.7 '
N—{o-Tolyfleliaanoiainirhe 151.2 1.067 14.3 10.9 15.0 23.4
'1‘zia.11y1aminc 137.2 0.795 13.8 6.6 4.1 15.8
Tribmyianaine 185.4 0.775 15.1 2.8 4.0 15.9
1.1.1-Tlichlomexhane, mclhyl chlomfonn 133.4 1.218 10.8 11.5 0.0 15.8 , ,
1,1,2-Trichlomcdiane 133.4 1.432 13.9 12.9 7.0 20.2
1,1 ,2-1'nk:11loraed'ay1erne 131.4 1.455 11.7 14.0 4.4 18.7
Trichlurom-ethane 119.4 1.477 11.0 13.7 6.3 13.7
1,2.3—T:1'clI1or9propanB 147.4 [.384 14.8 12.7 6.7 20.6
2.2,3—Trich.1eraprapio:1a1dc11ydz 161.4 1.467 I 1.0 14.6 8.0 20.0
Tridacama 184.4 0.751 16.4 0.0 0.0 16.4
1 .1,3-Txiethoxy-4-elhyluctanc 275.5 0.866 14.0 5.6 4.8 15.9
'1'I'ir:th}'1a.1:|1in: 101.2 0.723 14.6 3.7 1.9 15.2
Triethylene glycol 150.2 1.249 15.0 12.2 21.8 29.1
Trialhy-1c:wtetr&|n1'JIe 146.2 0.976 12.7 12.4 14.1 22.8
Trigiycoil dichioride 187.0 1.190 15.3 10.5 9.6 20.9
1,1,3—Triz:1elhoxybu£3nc 148.2 0.916 13.6 7.8 6.6 17.0
1,2,3-Trimeihylbcnzcm: 120.2 0.889 17.3 7.3 0.0 18.7
1.2,4—Tx'1met11y1beI22x*.ne 120.2 0.870 16.9 7.1 0.0 18.3
1,3,5—T|im:Ihy1herxzen.e. mcsilyknc 120.2 0.860 16.7 7.0 0.0 18.1
2,2,3-Tfimethylbximnn 100.2 0.685 14.2 0.0 0.0 1.4.2
I, 1.2—Tri:nct1:|y1cyc1open1a:ne 112.2 0.767 15.1 3.0 0.0 15 .4
1,1 ,3-Trimothylcyclopemanc 112.2 0.742 14.6 2.9 0.0 14.9
2.2,3—T:imel11y111::ptnne 142. 3 0.737 15.2 0.0 0.0 15.2
2.2.4-Txilnethyllaeptane 142.3 0.722 14.6 0.0 0.0 14.6
2,2,5-Trimedayihepume 142.3 0.721 14.7 0.0 0.0 14.1
2,2,6-'I‘rime0:y1heptane 142.3 0.714 14.6 0.0 0.0 14.6
2,3,3-Trimcthylheptanc 142.3 9.743 15.3 0.0 0.0 15.3
2,3,4—Trimet‘hylhI:p¥a:ze 142.3 0.746 15.4 0.0 0.0 15.4
2.3.5-Tr1mel11ylhqJhl.nc 142.3 0.736 1.5.0 0.0 0.0 15 .0
2.3.6-Triinedxyiheptane 142.3 0.729 14.9 0.0 0.0 14.9
2,4,4-TI'imHhy1hep1a[1e 142.3 0.728 14.8 0.0 0.0 14.11
2,4,5-'1‘ri1net11y111ep£s.ne 142.3 0.736 15.0 0.0 0.0 15.0
2,4,6-Tl'i.lII.I:Ih}'1be])1aEl.8 142.3 0.717 14.5 0.0 0.0 14.5
2,5,5—Tri:ncI:11y11'u:p:an1: 142.3 0.73] 14.8 0.0 0.0 14.8

 
MYLAN PHARMS. INC. EXHIBIT 1044 PAGE 110



 

TABLE 18 (continued)

1-1oy’s Cohen Parameters for Liquids {and Solids as Subcooled Liquids) at 25°C

Liquid

3.3.4-Tfimelhylhepianc
3,3,5—Tri[ne‘t11y1heptane
3,4,4-Trimelhylllcptarie
3,4,S—'1'1‘itne:hy]hcptane
2,2,3-Trimdhylhexanc
2,2,4-Trimctilylhexxne
2,2,5-Tliniclhylhexauc
2,3,3-'!‘rirneLhylhexane
2,3,4-Trimeflaylhexanc
2.3,5—Trimeth}*1hexanc
2,4,4-Trimethylhsxmw
3,3,4—Tr1:ne1hy1.11cxarIe
2,6,3-'I‘rimethy1r4-ncrnanol
2.2.3-'I‘rin1ethy1pemane
2,2,4-Trimcthylpemaue, isooclane
2,3,3—Tzin1efl1yIpenta.m-.
2,3,4~'1'YiIne£hylpen1n:1e
2.2,4~'fiin1et1xy1p:nIanol
2,2,4-TrimcI21yl—3-penienyl acetate
2,2,4-Trimclhylpenzyl acetate
2,4,6-'1‘ri.methy1—1,2,3 ,6-£ctruhydmb-enzelde-

hyde
Undecanc
1—Undecano1
2-Undzcanol

Vale:-aldehyde, 1-pamanal
Valerie acid

Vinyi acetate
Vinyi ally! other
Vinyl butyl Carbitaol”
Vinyl brutyl ethu
Vinyl S-butyhnnrcaptoetliyl ether
Vinyl butyrute

Vinyl C‘u:bitol‘9
Vinyl 2—c11lo1'0e!.hyl ether
Vinyl cmtanate .
Vinyl ethyl Ca:bitol°
Vinyl ethyl ether
Vinyl 2-efliylhexanoate
Vinyl 2-clhylhexyl ether
Vinyl S—ethy1n1ereap=:oetl1y1et11er
Vinyl isobutyl ether
Vinyl isupropyi cllier
Vinyl metltlyl Cellosnlve‘
Vinyl methyl ether
Vinyl propionate
Vinyl pmpy1e1he1'
m—Viny1toluen£
o—VinylIoluenc
p-Vinyholuule
Vinyl 2.6,3—trimc1hyl-4-nonyl elhar
Water
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Mfg mu!“

142.3
142.3
142.3
142.3
123.3
123.3
123.3
123.3
123.3
128.3
128.3
123.3
186.3
114.2
114.2
114.2
114.2
130.2
170.3
172.3
152.2

156.3
172.3
172.3
86.1

102.1
86.1
34.1

138.3
100.2
160.3
114.2
132.2
106.6
112.1
160.2
72.1

170.3
156.3
132.2
1111.2
36.1

102.1
53.1

100.1
86.1

118.2
113.2
113.2
212.4
13.02

93563"

0.752
0.737
0.752
0.754
0.724
0.710
0.702
0.733
0.734
0.717
0.719
0.740
0.814
0.711
0.687
0.721
0.714
0.825
0.892
0.361
0.914

0.735
0.328
0.823
0.305
0.934
0.926
0.793
0.913
0.774
0.921
0.395
1.023
1.041
0.937
0.932
0.748
0.869
0.305
0.946
0.763
0.747
0.390
0.742
0.910
0.762
0.905
0.397
0.904
0.302
0.997

137

 5!MPa”’

5. 5,. 5.. 3.

15.4 0.0 0.0 15.4
15.0 0.0 0.0 15.0
15-4 0.0 0.0 15.4
15.4 0.0 0.0 15.4
15.0 0.0 0.0 15.0
14.5 0.0 0.0 14.5
14.5 0.0 0.0 14.5
15.1 0.0 0.0 15.1
15.2 0.0 0.0 15.2
14-8 0.0 0.0 14.8
14.7 0.0 0.0 14.7
15.3 0.0 0.0 15.3
13.9 5.9 7.3 16.9
14.7 0-0 0.0 14.7
14.0 0.0 (1.0 14.0
14.8 0.0 0.0 14.3
14.9 0.0 0.0 14.9
14.3 7.7 9.9 19.0
15.2 7.6 0.0 17.0
14-8 6.5 1.1 16.2
14.7 3.2 5.3 17.7

16.0 0.0 0.0 16.0
15.4 6.7 11.2 20.2
13.9 6.0 9.11 13.0
13.8 3.4 8.3 13.4
16.7 9.7 14.3 24.0
12.9 10.0 8.7 18.5
13.2 7.9 7.0 16.3
14.2 7.3 3.0 17.9
13.8 6.1 5.5 16.1
15-0 8.5 5.9 13.2
13.3 8.7 7.0 17.7
13.3 9.9 15.3 22.6
14.2 9.9 8.7 19.4
14.0 10.0 3.4 19.2
1.4.0 3.0 8.6 13.3
13.2 7.0 5.7 16.0
14.0 7.0 5.2 16.6
14.9 5.2 4.5 16.3
14.9 9.6 6.6 18.9
14.4 6.3 4.0 16.2
13.6 6.6 4.2 1.5.?
14.0 8.4 3.6 13.4
10.5 7.0 6.8 14.4
13.5 9.4 7.7 18.1
13.5 6.5 5.9 16.1
16.8 8.3 0.0 13.7
16.8 8.4 0.0 13.3
16.9 3.2 0.0 18.8
14.5 4.4 1.5 15.3
12.2 22.3 40.4 48.0
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TABLE 18 (continued)

Hoy’s Cohesion Parameters for Liquids {and Solids as Suhcooied Liquids} at 25°C

3!M]’a"’

Liquid Mfg nwl" pig cm" 8, 6, 8,. 6.

m—XyIeI:e, 1,3-dimethyibenune 106.2 0.860 15.5 7.2 2.4 13.2
o—Xyleoe. 1,2-dimethylbenzene 105.2 0.876 17.9 7.5 on 13.5
p—Xyiea1e. 1,4-dirnethylbenzeae 105.2 c.s56 16.5 7.0 2.0 13.:

Adapted from Hoy, K. L, The Hay Tables of Solubility Parameters, Union Carbide Corporation. Solvents and
Coatings Materials Division, South Charleston, WV, 1935.

5.12 OTHER MULTICOMPONENT COHESION PARAMETERS

Beerbower, Martin, and Wu-"'-33 developed a four-component approach to the solubiiities
of solids in polar and nonpolar systems which is intermediate in complexity between five-
component parameters and the three-component Hansen method. Induction parameters were
ignored on the grounds that they did not improve significaotiy the soiubility predictions, so
Equation 24 reduces to

83 = 3§ + Bfi + 2858,, (75)

If 3,, is identified with SP and 8§ = 2 B, 8,” the three-component Hansen parameters are
recovered. But, more importantly, Equation 21 simplifies to

“A = (‘5d — 1'8‘): + (‘$1, -3551,)’ + 206, — =‘"8,)(’3,, - ‘B,,) ('76)

The value of 8,, can be delerrm'ned"" from the spectroscopic protonaccepting parameter 3,
and 8, can then be calculated from (83 — Sfi — 52,1239. The original data set by this method
appears in Table 21. The 3,, and 8,, values were based on those of Hansen and Beerbower”

(Table 11) with a few corrections, and some of the component parameters were adjusted on
the basis of soiubility observations. if a iarger set of data is deveioped, this four-parameter
method may become a generally acceptable improvement on the Hansen method, as it takes

' into account the unsytnnietricel nature of hydrogen-bonding interactions-

The Hansen component parameters have been combined in various alternative ways.
Sometimes 8,, and 8,, (the “associazion" interactions) are described coflectively:

8§p=8'h+3:=3f-fifi (77)

Beerbower and Jensen” developed a semiquantitntive approach to the prediction of the
hardfsoft character of Lewis acid—base species using a sorting map based on the composite
association parameter Em, and the dispersion parameter. On this map, aikanes, aromatics
and sulfides were soft, oxygen donor species were hard, and anilines and pyridines were
borderline. The ratio 6,,’/5,, was critical, reflected in a softness vaiue {based on a zero value
for water) defined as

S -. 20.1 — (Eh,/MPa”’)f((8,,IM'Pa"2) — 13.3) (78)

Tabie 22 lists Lewis base liquids according to the hardlborderiinefsoft classification, together
with softness values defined as in Equation 78. Lewis acids such as giycols and carboxylic
acids appeared in the hand region; trichloromelhane was in the soft region.
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TABLE I9 .

25°C Three-Component Cohesion Parameters for Alkyl Derivatives of Phenol and E
Resorcino! From Vaporlzation, Distribution Coefiicient, and Gas Chromatographic

7' Data
20°C 30°C '

31111113“ 5.’1\‘l2P11"’ 8,fMPa"“ 3,,iM1=a'-'= fi,fM]'a"’ s.!1111=a== E
18 '1 {vaporization (dhtflbufion- data) 6312)

=99 and Alkylphenuls, 1-111013311
I

R5 _ 24.6 25.3 23.1 17.3 5.5 13.9 1'
2-C. 22.7 23.1 21.5 17.2 0.11 12.9 -

11111163 24:, 21.9 20.7 16.4 3.3 11.9 ;

1 fi\,e_ 2-c, $13.3 _ 19.3 12.3 11.3 I, 2c. .9 19.2 1 . . 10.4.9701‘: H 2.1:, 20.3 — 13.6 14.9 4.9 10.0 .' 1
'19- S0 2-6:, 19.3 — 13.2 14.5 5.5 9.4 5 l

‘ 3- and 4c, 23.9 25.0 22.3 17.0 6.3 12.9 |
3- and 44:, 23.3 22.1 21.7 16.6 7.2 11.9 1 ;

(75) ‘ 3- and 4-1:, 22.9 -- 21.1 16.0 7.6 11.3 |
3- and 4-C_, 22.3 20.5 15.6 11.0 10.4

| 3- 1111161 4—C, 21.9 — 20.1 15.3 11.2 10.0

3 are I 3- and 4-1:, 21.5 19.4 14.7 3.6 9.4
2.6-(13,), 21.9 — 20.7 16.6 2.9 11.9 1
2.4413,}, 22.5 22.9 20.7 16.6 2.9 11.9

(75) 2,349). 22.3 22.9 20.7 16.6 2.9 11.9 ;
3,540.), 23.7 23.1 21.7 16.6 7.2 11.9 -

er 3 3,440.), 73.1 23.1 21.7 16.6 7.0 11.95

111100 Alkjrlreswxinulu, 1'11-1,5-1031,11
aver’-5 _|

don 31.5 30.1 29.5 13.4 11.3 20.1 I i
we: 2-1:, 27.3 23.2 26.0 17.6 5.7 111.2 I 1

2.1:, 27.2 27.6 25.2 17.0 7.3 17.0 '
3395 2-C, 26.6 27.11 24.3 16.6 3.2 15.11 g [

2-c. 26.2 26.6 23.9 16.2 9.4 14.9 .

ray_-;_ 2;‘, 25.3 26.4 23.3 15.6 10.0 14.1 5
2c,., 25.6 26.2 22.9 15.1 10.6 13.5
2-0, 25.4 25.3 22.7 14.7 11.5 13.1 ' .
2-C, 25.0 22.5 14.3 12.1 12.5 -

(77) 4c. 23.4 23.6 26.4 17.6 7.4 13.2 f
44:, 27.6 27.11 25.6 17.2 3.6 17.0

1113 4-1:, 27.0 27.2 25.0 16.6 9.3 15.3 5
We 4-1:. 26.6 26.6 24.3 16.4 10.0 14.9 _
ms 4-(:, 26.2 26.2 23.9 16.0 10.3 14.1 . -

4-12.. 25.3 25.3 23.7 15.3 12.1 13.5 '
We 4-1:, 25.6 25.6 23.3 14.9 12.3 13.1 I,
11110 413,, 25.4 23.1 14.5 12.9 12.5 ; i

5-1:, 30.1 29.1 27.3 13.0 10.3 13.2
5-1:; 29.1 211.2 27.0 17.4 11.9 17.0

78} 5-C, 23.4 27.6 26.2 17.0 12.1 15.3
54:. 27.11 27.0 25.6 16.6 12.5 14.9
5-1:, 27.4 26.8 25.0 16.2 12.7 14.1

1161' 5-13., 27.0 26.4 24.6 15.3 13.1 13.5
1110 5a, 27.0 26.2 24.1 15.3 13.3 13.1

54:. 26.4 — 23.9 14.9 13.9 12.5

Adapted fmm Liilc, U, Kamila, H., and E533.-12, 0., J’. Chr9m1JI0gr., 116. I. 1976.
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TABLE 20

Calculated Hansen and Hildebrand Parameters

8!NIPa""
____..._______.._____._.______.___

Liquid 8, 5, 3, 8-,‘ 8,” 5,‘

Hexanc 14.9 0.0 0.0 14.9 14.7 14.7
inohexanc 15.0 0.0 0.0 15.0 14.3 14.3
Hcpcane 15.3 0.0 0.0 15.3 15.0 15.1
Octane 15.5 0.0 0.0 15.5 15.1 15.3
Decnnc 15.9 0.0 0.0 15.9 15.2 15.2
Dodocane 16-0 0.1 0.0 16.0 15.1 15.6
Cycichexane 16.2 0.2 0.0 16.2 16.7 17.2
Beam-ne 117 0.3 2.2 17.8 18.5 18.9
Toluene 17.6 0.7 LB 17.? 18.1 18.2
a—Xy1en£. 17.8 1.0 1.6 17.9 13.2 18.3
Phenol 18.5 5.3 16.2 25.1 22.8 —--
1:111y1hcnzene 1'16 0.8 1.6 17.7 17.8 17.2
Melhylcy-ciohexanc I6. 1 0.1 0.0 16.1 16.2
Acetone 14.? 11.5 5.6 19.5 19.1
Mefhaliol 13.6 0.5 1.9 13.7 13.7 —
N-efrw S-1551200 16.3 1.0 0.6 16.3 16.3 15.8(mineral spixits)

Nefras S-3131120 (BR-2} 15.4 0.4 0.2 15.4 14.9 14.9
Nefms AR-1201200 17.8 0.5 1.? 17.9 17.4 17.6

3} + 8,‘ + 5,,’
From vspofiznfion enthalpy.

Fmm surface tension, 8JM?a'*” - 4.] (1.»"I-’“’)°-"

An alternative combination of component cohesion paraxnetcrs““"”“ uses a cohesion
parameter dcitennined from gas-iiquid chromatography (Chapter 18) and givcn by (A H,,,,fV}”’
where A H“, is the "addi1iona1” entlmlpy of solution (the cnthalpy of solution less the
contxibntions from dispersion and induced dipole interactions}-

Wingefors““‘-"” extended the poiar-nonpolar approach (Section 5.8} for solvent extrac-
tion in terms of a proton donor parameter, 8,:

equations suggests:

5% = 5% (80)

33 -1- kfihfi, == 8;’ == 2653., (81)

6, 3,, = 28,5. (82)

Bagley, Nelson, and Scigfianol“ suggestcd that their cohesion paramczezs 8., and 8,.
(based on internal pressure considerations as indicated in Section 7. 5) are related to Hansen
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TABLE 21

Four-Component Cohesion Parameters for Common Liquids

fl 31317617 _______ '9'

Liquid 8., E1. 5, 5,, 8,, 5, cm’ 1110]"

176614116 14.5 0.0 0.0 0.0 0.0 14.5 116
Hcxamc 14.9 0.0 0.0 0.0 0.0 14.9 132

Hcptanc 15.3 0.0 0.0 0.0 0.0 15.3 143
NOIEHIIB 15.3 0.0 0.0 0.0 0.0 15.3 130
Decane 15.3 0.0 0.0 0.0 0.0 15.3 196

Cyclohexanc 16.3 0.0 0.0 0.0 0.0 16.3 109
Benzene 13.4 1.0 1 .4 1.4 2.0 13.6 39
Talllcnfl 13.0 1.4 1.6 1.2 2.0 13.2 107
E21101-cI3enze1'111: 19.0 4.3 2.0 1.0 2.0 19.6 102

1.2-01611616661636 19.0 7.4 4.1 2.0 4.1 20.3 79
l.I-Dichlotoetlaane 16.6 3.2 0.4 0.2 0.4 13.5 35
T11c1.1omm613a6e 17.3 3.1 6.1 2.7 5.7 13.9 31 '
Tctmchlorolrlethane 17.3 0.0 0.1 1.3 0.6 17.3 97 ' ,

1,2—Dil7romoc1har1.e 19.0- 3.5 22.9 1.6 3.6 21.2 37 '
[,1-Dibromoetbnne 13.4- 5.1- 20.5 1.0 19.6- 20.2 93 |

11113111371 66.6: 14.5 2.9 1.0 12.9 5.1 15.7 105 |
Dipmpyicther 14.9 2.3 0.3 10.2 4.1 15.6 139 - .- l
11111613116316: 15.6 1.6 0.6 3.0 3.1 15.9 170 -
Ethyi acetate 15.1 5.3 10.3 3.9 9.2 13.5 99 .'
Prop)-1 6631416 15.11 4.3 6.3 7.4 3.1 17.7 116
Duty! 661-1616 15.3 3.9 6.3 5.7 3.5 17.4 133
11611313661616 16.0 3.1 5.9 3.9 4.5 17.3 165
Csrrbon disulfide 20.5 0.0 0.4 0.4 0.6 20.5 60
Acetone 15.5 10.4 4.9 4.9 7.0 20.0 74

1,4—1316me 19.0 1.3 2.1 13.3 7.4 20.5 36
41111166 19.4 5.1 3.9 13.3 10.2 22.5 92
Niuobenunc 20.1 3.6 4 .1 2.1 4.1 22.2 103

ion Acctophcuanc 19.6 3.6 2.3 3.1 3.7 21.7 117

r)1.r2 Bcnzyl 6166661 13.4 6.3 12.1 7.3 13.7 23.3 104
the Cyclohexanol 17.4 4.1 14.9 6.1 13.5 22.4 106 ;1916016661 15.1 12.3 17.2 22.3 22.3 29.6 41 I

131116361 15.11 3.3 17.0 11.3 19.4 26-5 59

440- 1-P!Dpl.l10I 16.0 6.3 15.3 9.3 17.4 24-5 75 1
2-P1666661 15.3 6.1 14 .5 9.2 16.4 23-5 77
1-11612661 16.0 5.7 13.1 9.4 15.3 23.1 92

I9) ISOIIIJIEIIDI 15.1 5.7 12.3 10.4 16.0 22.3 92 I I2—BI.1!1mo1 15.3 5.7 13.5 7.3 14.5 22.2 93 '
1m-13666161 14.9 5.1 19.6 4.9 13.9 21.0 94

19, I—Pcl'lla.l1tII 16.0 4.5 11.1 3.3 13.9 21-7 109 I
{er 1.11cmo1 16.4 4.3 11.1 7.2 12.9 21.3 125 .
to, _ 1-1166141161 16.6 4.1 10.3 7.0 12.3 21.0 142 '
‘er -; 1-0613661 17.11 3.3 10.6 6.6 11.9 20.9 153 i I

1 1-2111,-166: glycol 17.0 11.1 36.6 9.0 25.3 32.7 56 1
1; I,2—PropaI1edi0I 16.3 9.4 23.3 9.4 23.3 33.2 74
1 L3-Propallcdiol 16.6 10.3 22.3 15.1 26.0 32.7 73 !

:0) ‘L G1yeem1 17.4 12.1 40.1 10.4 29.3 36.1 73
1.4-Buumcdiol 16.3 16.6 37.2 7.6 23.7 33.5 39 '

1 ACIIIIC acid 14.5 3.0 14.3 6.3 13.5 21.4 53
‘ 3 Pmpionic acid 14.7 7.3 12.3 6.1 12.3 20.7 75

Butyric acid 14.9 4.1 13.1 4.3 10.6 13.3 92
2) Dimcthylsulfoxide 13.4 16.4 4.5 11.7 10.2 26.7 71

Pyfidine 19.0 3.3 2.9 6.6 6.1 21.3 31

5 Permarraidc 17.2 26.2 11.7 15.6 19.0 36.7 40 '
“ N-Mcthylformamide 17.2 20.7 9.3 3.0 12.5 29.6 59 i
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TABLE 21 (continued)

Four-Component Cohesion Parameters for Common Liquids
5-’1\v{Pa 1"

 iv

_g._.___..____.—__..
I Liquid 5.. 5. 5. 5.. 5. 5. cm’ mo!“

N,N-DimeL11y1f0r- 17.4 13.7 7.0 9.0 I 1.3 24.8 77mamide

N.N-Diel.h)'1foxm&In- 16. 8 1 1.5 5.5 7.0 3.8 22.1 112' ide

N,N-DinIc£hylace— 16.8 11.5 5.9 8.8 10.2 22.? 93Ismide

.N,N-Diet11ylxceta1n- 16.8 8.4 4. 3 6.6 7.6 29.2 127ide

Water 15.6 16.0 13.7 65.5 42.3 47.9 18
‘ Re-calculated by Beerbuwcr er al.

Adapted from Beexbower, A.. Wu, P. L., and Martin, A.. J’. Pharm. 5:1,, 73, 179, 1934.

53, == 5: + 5; == 33 + as + 25.5,, (83)
and

full set of five parameters, but less general. The choice finally made in each case dcpends

ranges, with very few em:-rs greater than 30%.
They first considered an equation of the form

“A = ('6. — -‘$.22 + (*6. — 18.32 + (35)
(18.1. ’ 18¢)?-5+ — J81} + (‘5.. “'5.}('5a —

 
MYLAN PHARMS. INC. EXHIBIT 1044 PAGE 116



143 
TABLE 22

Snftness of Lewis-Base Liquids Determined From Hansen
Parameters

Liquid Clasaiflcafinn S

Saturated Hydrocarbons

Perrtane Soft 20.]
Hcxan: Soft 20,]
Heptane Soft 20.1
Dccane Soft 20 1 I
Cyclohcxane Sufi 20.1

Aron-Iaxk: Hydrocarbons

Ethyibenzene Sufi 19.8
0-Xylene. 1,2-dirnethylbenzenc Soft 19.4 :
Tnlmcne. mcthylbenzcne Soft 19.6 I
Benzene Soft 19.7 I‘
Nerphrhaienc sea 19.3 5

33) Slllfldes - li I |

Dielhyl sulfide Soft 19.0 | '
Dimethyl sulfide Soil I83 '
Carbon disulfide 5021 19.1

34) I
Anillnes

gs:
Bw Aniline Bolwdailinc ]3.20-Toluidinc, 2-methylaniline Borderline 18.4

3“ Pyridine:8

tds 2,4,6-Trixnethyipyfidine Bmderline [SA | '
2,6-Dimethylpyridinc amdenine 13.3

fly 4—Mcthylpyridine, '1-picoline Bottle-rIi.nc 13.2 l
ha Pyridine Borderline 13.2 I

Hy I .
ms Dicihyl other Hard 15 .3 '
mt Dipropyl cthar Hard 17.2Anisolc. methyl phenyl ethei Borderline 13.3 '

‘Y Ketoues
I

Acetone, 2-pm-panone Hard 14.6

1y 3-Pentancme. dicthyl kezone Han! 16.2 IE 2-Butanone, methyl ethyl kntone Hard 15.4 I :
3 Cy-clohexanone Hand 17.9 Eg Acetophenone, phony! methyl ketonc Borderline 18.6 '
IB

Esters
I

Ethyl acelaie Hard 14.1 |
Propy} acetate Hard 16.9 '

5} Bulyl acetate Hard 11.1
Hexyi acetate Hard 17.6
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TABLE 22 (continued)

1 Softness of Lewis-Base Liquids Determined From Hamel’:
Parameters

: Liquid Ciasstnmion s

Aliphatic Amines |
Butyiamine Hard I10 1
Propyiaminc Hm} 17.4

Nilrilaex

Acetonitrik: Hazd 10-8
Pmpjoniuiic mm 12.3 1
Bzxtyroaftrile Hard 13.5
Renwni$.ri.1e Hard 17.3

N100 Compounds I

Nitromemane Hard 12.1 .
Nitroechane Hard 14.1
2—Nitrepropanc Hard 15.]
Nitrobcnzenc Borderline 13.?

Water

' Water Hand 0,0
Aleohois

Mcthanoi Hard 6.2
Isobuianol, 2—meLhy1—lvpropano1 Hard 10.9
rerr-Butane], 2—mcthy1-2-ptopanol Hard 11.!
Emma! Hard H.4-
2-Propsuol Hard 13.0
2—Bu£a.no1 Hard 13.8
1-Pmpanol Hard 13.1
I-Butane} I-lard 13.8
I-Henna} Hard 15.6
lflotanol Hard 16.8
Cyclohexanol Hard 16.4
Bcnzyl alcohol Hand 17.]

Amldes

N-Dicthylaoeurmide Hard 16.9
N,N-Dimcfllylacctamide Han! 15.7
MN-Diethylfcumsmide Rani 15.9
N-Mcthylfurmanfide Hm! 13.9
Fmmamidc Hard 11.8
N.N'—DimethyIfom1am1de Hard 15.3

Sulflrmide

Dimethylsulfoxiclc Hard 1 I .8
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interactions; 8,, is the acidity parameter; and 8,, is the basieity parameter- The Hildebrand
parameter or total cohesion parameter of component i is then

‘S2 = “of + *8,’ + ‘SJB, -l- "fi,,"dB (86)

(This is similar to the formulation of Karger, Snyder, et al-, but does not include the factors
of 2 associated with the induction and acid-base cross-terms in Equations 21 and 23 .) Equation
85 was simplified into a form analogous to that of Weiiner and Prausnitz {Section 5.3},

l where 6, is a measure of polariaahility; 8, is a measure of polarity; 8,, reflects the induction l
l "A -—- (‘fit - ‘Bil’ + *‘q"€i‘* ('57 r ’i‘>,)2 (37)I + (‘Bo — i3,){"8,, — J83) .

where the induction parameter was considered solely a function of degree of ansaturation,
with q = 1.0 for saturated molecules, 0.9 for aromatics, and values between these limits
for unsaturated aliphatics. Two factors, ‘air and "§ were included to account for the "asym-
rnetry” in volume fraction dependence due to polarity and hydrogen bonding, respectively.
Neglecting the combinatorial term, the ratio of limiting activity coefficients of components I
i and j according to Equation 85 am

(in ff;')I(ln {f;‘) = ‘W -'V

but this was found not to hold in solutions containing polar molecules. For example, pure
ethanol is strongly hydrogen-bonded, but at infinite dilution in cyclohexane, ethanol mol-
ecules have no opportunity for hydrogen bonding. With this modification, the infinite dilution
activity coefficient expression (which can be compared with Equation 21 in Chapter 4) was

Inst,’ = PVi(RI7lt(‘8t — $.32 + ‘q’ if ('3, - ”8.)’I'\l: (as)
+ cs, — rs,i(‘s,, — 15,); is} + at

at =in{"V! ‘V; + 1 — IV; iv (39)

although in the correlation of Thomas and Ecltert the “overoorrecIion" often caused by this
form was largely avoided by using

vd=1n(«Vi*v;’a+1—(IviIv}"= (90)

where ‘

Ja : 01953 — 0.00231 (’B§J'NIPa + age, (MP3) (91 ) _ II

1 The parameters 8,, 8,, and 8,, were treated as being adjustable, with 8, calculated a prion’
from refractive index (Section 3.4). All the parameters necessary for calculation of limiting
activity coefficients (and other therrnodynamic properties) are collected in the publication :;
by Thomas and Eckert““’ and its associated Supplementary Material. The cohesion parameters
in Table 23 have been rounded to 2 or 3 significant figures, and refer to 20°C. The quantities
V, 6,, and q were treated as temperature-independent; the other parameters were temperature-
dependent:

I
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II TABLE 23

Cohesion Parameters from the MOSCED Approach at 20°C

V 5fMPflm

Liquid nu’ ma!" 5, 8., 6., 5,,

Acetone 74.4 15.3 3.4 0.9 10.0
Acetonitxile 52.2 15.2 12.3 1.3 8.1
Acempheumm 1 16.9 18.0 6.2 1.8 6.4
Aniline 91.1 18.9 8.6 7.8 4.4
Anisole 103.1 17.7 5.7 0.6 3.3

Ni Benzene 89.1 17.4 4.0 0.5 1.2
Benmniuile 102.6 17.9 6.8 1.3 6.0
Bcnzyl acetate 142.4 17.8 6.7 0.5 5.]
Bcnzfi cbloaide 117.2 18.1 5.5 1.5 1.9
Brornmanisoic 128.4 13.5 4.5 1.6 6.3
2-Bromobmanc 107.4 17.1 3.1 0.5 0.4
Bromtxlichloromcthane 82.7 18.3 4.1 5.9 0.2
Bmmoethmc 76.5 16.8 4.2 0,7 0.5
1-Br 305.6 17.6 1.4 0.2 0.1
Bmmonaphlhnlcne 149.6 20.0 4.0 1.2 0.8
1-Bmmapcntane 124.0 17.2 2.8 0.4 0.3
1-Bromopmpam: 90.9 17.0 3.6 0.6 0.4
Bmmntrichloromclhanc 98.5 18.5 2.0 1.4 0.2
Butane 100.4 14.7 0.0 0.0 0.0
1-Bntanol 91.5 16.2 2.1 9.5 9.5
2-Bananone. mclhyl ethyl ketonc 89.6 15.3 6.7 no 3.3
Bury] acetate 132.0 16.1 4.5 0.0 5.2
Butylbenzeru: 156.0 17.2 2.0 0.1 0.8
rm-r—Bu1y1 chloride 109.9 15.9 3.3 0.5 0.3
Butylcyclohennc 275.5 17.1 0.0 0.0 0.0
Carbon disulfide 72.0 210.0 0.6 0.6 0.3
Chlombenzcne 101.8 17.8 3.8 1.5 0.9
1-Cizlomlmtanu: 204.5 16.3 3.4 0.5 0.3
2-Chlorohatanc 106.0 16.2 3.3 0.5 0.3
1—Ch1orobexadeca.n: 301.5 17.4 1.5 0.2 0.1
1-Chkrmpmpane 88.1 16.0 3.9 0.6 0.4
Cyclohcptanc 121.3 17.2 0.0 0.0 0.0
Cyciohexane 100.1 16.8 0.0 0.0 0.0
Cyclnhexxmol 105.4 17.7 1.8 8.2 8.2 r' Cyclohexzmonc 103.6 17.3 6.2 0.0 9.9
Cyclohexcne 101.4 17.3 0.6 0.0 0.5 .
Cycioocumc 134.4 17.5 0.0 0.0 0.0 I
Cyclupcnzanc 94.1 16.4 0.0 0.0 0.0 ICyclopcntanol 90.9 17.4 2.3 9.2 9.2
Decahydronaphdiafane 154.0 18.0 0.0 0.0 0.0 J
Deanne 194.9 16.5 0.0 0.0 0.0 1
Deacaneniuile 186.9 16.9 4.6 0.3 6.5
1-Dccami 190.8 17.1 1.2 5.6 5.6
1-Dcocne 189.3 16.7 0.4 0.0 0.4
Diirmmomethamc 69.6 19.3 5.9 4.1 0.2
Dibutyi kewnc 173.1 16.7 7.4 0.0 4.5
1,1-Dichlomcthane 84.2 16.6 4.5 2.0 0-6
1,2-Dichlnmethane 79.1 17.2 6.4 1.6 1.0
Dichioromethama 64.1 16.8 5.7 5.1 0.8
Diisotmtyl kahuna 176.6 16.5 3.3 0.0 4.9
1,4—Dioxa.ue 84.2 16.5 6.8 0.0 3.5
2.2-Dimelhylbmane 132.9 15.6 0.0 0.0 0.0
2,3-Dimefinylbtuane 130.3 15.7 0.0 0.0 0.0
N,N-D1methy1fonnam.idc 77.0 16.9 9.5 1.3 21.1
2.2-Dirncflzylpentanc 148.7 15.9 0.0 0.0 0.0
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TABLE 23 (continued)

Cohesion Parameters from the MOSCED Approach at 20°C

V 5fN1Pu“

Liquid an’ mo!“ 3., 8., 8,, 3,

2,4—Dime1hy1pag1s11c 149 .0 15.8 0.0 0.0 0.0
Dodecarle 227.5 16.7 0.0 0.0 0.0
Duuiaomuane 555.0 17.4 0.0 0.0 0.0

. Eicusane 358.3 17.2 0.0 0.0 0.0
Etharml 58.4 15.4 2.8 12.7 12.7

Ethyl acetaxe 97.8 15.6 5.8 0.0 6.7
Ethylbenzc 12.2.5 17.4 2.6 0.} LD
E11134 bury] acetone 139.5 16.4 4.4 0.0 5.5
Ezhylcycloheaume 142.4 17.0 0.0 0.0 0.0
Elhyi formnte 80.4 15.3 6.8 0.0 7.8
Elhyl octanoate 143.6 18.5 3.2 0.0 3.7
‘.-3111371 pmpicnate 114.5 15.9 5.1 0.0 5.9
I-1811010011311: 374.6 17.2 0.0 0.0 0.0

Hcpiane 146.6 16.0 0.0 0.0 0.0
1 Hepianenitrile 137.2 16.7 5.9 0.5 4.]
‘ 1-Heptene 140.9 16.2 0.5 0.0 0.5

Hexadccsnc W211 17.0 0.0 0.0 0.0
1-Hexadccanol 288.0 17.3 0.9 4. 1 4.1
Heudeoene 287.3 17.1 0.2 0.0 0.2
1-Iexane 130.8 15.7 0.0 0.0 0.0
1~l-Iexsmol 124.7 16.7 1.7 7.6 7.6
1—11ea1ene 125.0 16.0 0.0 0.0 0.4
Iodaezhane 93.6 18.7 3.4 0.6 0.6
Iodomethanc 79.1 19.0 4.0 0.7 0.6

2-Iodopmpane 111.6 18.1 2.9 0.3 0.3
isooczanc 165.1 16.0 0.0 0.0 0.0

1sopem.me 1 16.4 15.2 0.0 0.0 0.0
Isopenteue 105.9 16.0 0.5 0.0 0.4
lsopzcne 100.0 16.7 L] 0.0 0.7
Methnrml 40.5 14.6 5.2 15.2 15.2

Methyl acetate 79.3 15.4 6.8 0.0 7.8
3-Melhyi-I-b1.1lene' 107.8 14.8 0.5 0.0 0.4
3~Mcthy!~I—b11.te11e' 111.8 15.4 0.5 0.0 0.4
Mcz1zy1 butyraic 113.7 16.0 5. 1 0.0 5.9
Melhylcyclahexanc 124.4 1.6.8 0.0 0.9 0.0
Medaylcyclopcntane 1 12.4 16.5 0.0 0.0 0.0
3—Met§1yih::x811e 145.8 16.0 0.0 0.0 0.0
Methyl isopropyi ketone 107.3 16.0 5.1 0.0 6.6
2-Metliylln-01118111: 131.9 15.6 0.0 0.0 0.0
3-Mcdzyipemane 129.7 15.7 0.0 0.0 0.0
4-Me:hy1-2-pcnaanone 125.1 16.1 5.0 0.0 6.1
2—Me111yI—1—pentem: 126.7 15.9 0.5 0.0 0.4
2-Methyi-2-peniene I22 .6 16.3 0. 5 0.0 0.4
4—}&fl{h}‘]-I -penmac 123 .8 16.1 0.5 0.0 0.4
Methyl prcpionatc 96.3 15.7 5.8 0.0 6.7
Nilrobcnzcnc 102.3 18.3 7.7 1.3 2.8
Niu'nc1i1a11e 72.0 16.1 9.9 0.6 4.5
Nitmmetzmne 53.7 15.8 12.8 2.7 4.9

1—1~11mopmp.-me 89.0 16.3 8.5 0.5 3.9 = .
2—N1'Iropropn.r1e 90. 1 16. 1 8 .5 0.5 3.11 i -
Noam 178.7 16.4 0.0 0.0 0.0 5'
octacosema 489.4 17.4 0.0 0.0 0.0 1
Oclzldecum 327.1 17.1 0.0 0.0 0.0 9'
Octane 162.6 16.2 0.0 0.0 0.0
I-Octane! 157.8 16.9 1.4 6.4 6.4
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TABLE 23 (continued)

Cohesion Parameters from the MOSCED Approach at 20°C

 V 3;'MPa”’

Liquid cm‘ moi‘ ‘ 6, 5, 6. 8,,

1-Octane 157.0 16.4 0.5 0.0 0.4
Pnimitoniuile 286.0 17.2 3.3 0.2 2.3
Irams-1,3-PcnEa.dienc 100.8 16.9 1.2 0.0 0.8
Pemane 115.3 15.3 0.0 0.0 0.0
1-Psenlanol 108.1 16.5 1.8 8.4 8.4
2-Peiwmone, mclhy pmpyl kewne 106.5 16.0 5.7 0.0 7.0
3-Pentzmrme, diethyl ke-lune 105.8 16.1 5.? 0.0 7.0
Pcntatriacontane 604.6 27.5 0.0 0.0 0.0
1—PerItene 109.6 15.6 0.5 0.0 0.4
2-Pentene 100.0 15.9 0.5 0.0 0.4
Phenol 89.0 13.3 4.4 33.1 3.4
Pmpane 88.1 13.7 0.0 0.0 0.0
1-Pmpzmol 74.8 15.9 2.4 10.8 10.8
I‘:o'piom'tri1e 70.4 15.5 9.9 0.3 6.8
Propiophcnone 132.9 17.9 5.6 I .4 6.8
Pmpyl acetate 115.0 15.9 5.1 0.0 5.9
Pmpy1 focrmzte 97.3 15.7 5.8 0.0 6.‘!
Pyridine 80.5 17.5 6.5 1.4 13.7
Qnirmlilw 118.1 19.6 5.? 0.7 6.3
Squalcrie 478.5 18.4 0.6 0.0 1.4
Tetrachloiometlzane 96.5 111.6 1.8 1.2 0.3
Tetracosane 423.8 17.3 0.0 0.0 0.0
Tecraufiydzufutan 81. I 16.4 4. 7 0.0 9.4
Toilwnl: 106.3 17.3 3.2 0.3 1.2
Txiaconxane 522.2 17.4 0.0 0.0 0.0
1,1,1-Txichlomelbanc 99.6 1'}. I 2.9 1.0 0.4
1,1,2—'1'rich1m'oez13ane 92.7 17.8 4.9 3.1 0.4
'X'ric1fIim'0tne01anc 30.7 17.2 4.0 6.2 0.1
'1"1'ic.thyIamine 139.0 15.4 1.1 0.0 10.2
1.3.5-Trimethylcyciohexane 263.8 16.8 0.0 0.0 0.0
'I‘n'p:opy1a.m:’ne 189.6 15.6 0.9 0.0 6.8
a—Xy1enc 120.6 17.6 3.4 0.1 1.8
p-Xylene 123.3 17.3 2.6 0.1 1.5

‘ Two entries reported in ariginal publication.

Adapted from Thomas, E. R. andEcker1, C. A., Ind. Eng. Chem. Proves. .023. Data. 23, 194,1984.

8,0’) = (293{T)°“‘ 3,(293)

3,03 = (293070-9 5,4293)

53(7) = £29327)"-5 83093)

Park and Ca.tr"° subsequently proposed that the original MOSCED assumption 6,, -- 8,, for
the alcohols be abandoned in favor of a more realistic cvaiuation. The method has been
applied to exlraczive distillation {Section 7.10).
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5.14 LIQUID METALS I

Although the Hildebrand parameter concept has been applied to liquid metal miscibil-
ities,‘."-"9-“’°-“‘ it appears” that incorporation of eleclronegativizy differences is necessary

to predict behavior. Kumar,‘’2 on the basis that the properties (particularly the degree of
order) of liquid metals were closer to those of their solids than to their gaseous states,
proposed that the much smaller enthalpies of fusion be used in place of enthalpies of .
vaporization to evaluate cohesion parameters, “Kumar parameters" (Table 24). As indicated
in Section 2.2, the cohesion parameters calculated from the vaporization enthalpies of solid
metals are not Hildebrand parameters, which are liquid-state properties. Similar vaiucs for
other elements are listed in Table 4, Chapter 2. Table 25 reports internal pressures and

cohesion parameters for liquid alkali metals from Shrivnstava and Pandey'°3 (Section 7.5). i
Information on ionic liquids (molten salts} is included in Section 12.3. i

for
-eer:
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I Hildebrand and Kumar Cohesion Parameters for Liquid Metals

5 8.
Group Element Melting point, X Elecuvnegadvfljf MP1“ MP3“

' 14 1.1 459 0.95 111 15.2
1 N3 371 0.90 63 10.4

H K 336 0.31 43 7.2
Rb 312 0.711 39 6.5

' C3 301 0.76 33 5.5
' 11.4 136 1553 1.42 264 43.6

Mg 923 1.16 102 25.3
" Ca 1123 1.03 32 133

Sr 1043 0.99 70 17.2 .
34 977 0.92 63 14.0

111 A St: 1473 1.27 164 29.9
Y 1763 1.20 147 32.7
La 1099 1.17 129 20.5

NA 71 2093 1.62 192 42.0
Zr 2023 1.43 192 33.3 -
Hf 1973 1.43 - 39.3

Th 2073 1.36 174 30.5 _
VA 9 2003 1.35 243 55.9 1

Nb 2636 1.77 260 493
T11 3269 1.77 273 47.6

111 A Cr 2163 2.15 221 53.3
666 2393 2.05 262 54.4
w 3633 2.05 297 59.5
11 1403 1.30 205 33.0

V11 A M11 1513 1.69 194 44.5
17111 126 1312 2.21 239 46.5

C0 1763 31.26 253 51.0
Ni 1723 2.24 254 51.7
KB 2773 2.12 234 55.3
1111 2239 2.12 264 51.3
Pd 1327 2.03 209 44.5
1: 2727 2.10 234 55.4
P: 2047 2.07 243 46.5

Rare 631111.-1 C1: 1070 1.21 139 21.0
(id 1535 1.20 129 27.7

1 13 Cu 1356 2.00 219 42.9
Ag 1234 1.90 163 34.1
A11 1336 2.30 190 34.3

11 13 Z11 693 1.50 119 23.4
Cd 594 1.55 92 21.6
H3 234 1.30 63 12.4

111 13 41 933 1.43 176 10.4
G3. 303 1.62 151 21.3
16 429 1.43 123 14.4
1-1 573 1.46 100 15.7

N 11 51 1703 1.32 130 65.0
Ge 1231 1.77 156 43.5
S11 5115 1.61 133 21.1
P}: 600 1.56 104 16.2

v 13 As 1037 2.04 135 23.2
Sh 904 2.10 121 32.3
111 544 1.73 93 22.6

111 3 Se 493 2.35 72 13.2
T1: 723 2.03 63 29.2

' D1133 from Matt, 5. W., J. Mater. 3012, 3, 424, I968.

Adapted from KIm121.r. R... J. Mater. Sci, 7. I409, ‘I972.
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TABLE 25

Internal Pressures and Cohesion

Parameters for Liquid Alkali Metals

Metal IFC ‘n-{MP3 n""/MP2”

Sodium 100 473 2] .8
I50 528 23.0
233 573 23.9
221 591 24.3
245 514 24.8

Potassium 7|] 241 15.5
1 13 262 16.2
163 29] 17.0
191 294 17 .2
229 313 1.7.7
263 314 17.‘?

Ctxium 35 I 39 11.8
76 154 12.11-

122 168 13.8
169 180 13.4
21'}? l39 13.8
24? 196 14.0

Rubidium 43 132 13.5
34 198 14. l

120 214 14.6
379 234 15.3
208 244 15.6
245 254 16.6

Adapted from Shrivastsvz, S. N. and Pzmdcy,
.1. D., Acmur. 133., 3, 219, 1980.
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Chapter 6

CALCULATED COI-IESION PARAMETERS

Many properties of materials change in regular ways with increasing chain length in a
homologous series, and some properties are conveniently linear. Thus, the logarithms of
partition coefficients for some solutes between two liquids change linearly with chain length,‘
and a correlation exists‘ between methylene group increment and liquid Hildebrand parameter
in octane-polar liquid systems (see Section 7.1 1). From the information presented in previous
chapters, it is apparent that the miscibility behavior of materials depends to a large extent
on two properties, the molar cohesive energy. — U, and the molar volume, V. Therefore, it
is instructive to consider how - U, V, and the ratio and product of these two quantifies vary
through homologous series of organic compounds as chain lengths change, and how they
can be estimated by means of contributions from groups of atoms-

Reference should also be made to Section 14.8 for additional sets of data, not only for
polymer systems but also for materials such as long-chain lipophilic liquids with cohesion
parameters that can be assessed in similar ways.’

6.1 GROUP MOLAR VAPORIZATION ENTI-IALPY

Dunltel‘ demonstrated 60 years ago that liquid molar vaporozation enthalpies at a given
temperature could be estimated by the summation of atomic or group contributions, ‘AH:

an : Zoe (1)

This approach (Table 1} was followed up by several investigators, including Hayes‘ and
Fedora,‘ while Bondi’-3 estimated the contributions to the enthalpy of vaporization extrap-
olated to absolute zero. Stein” also applied additive estimation rncthods to vaporization
properties.

6.2 GROUP MOLAR COHESIVE ENERGY

It follows from the close relationship betwwen AH and -1] (Section 2.1) that the molar

cohesive energy also increases in an approxirnately linear fashion with chain length in
homologous series of compounds, and that group contribution methods may be used.‘-"W
The lines obtained when -U is plotted against chain length for molecules containing different
functional groups are not quite parallel, and for accurate results in the use of group contri-
butions the slopes of the lines have to be considered:‘‘‘

—‘U -" n ‘[1. + ‘e (2)

where r: is the number of carbon atoms, ‘e is the group molar cohesive energy constant,
and ‘p. is the chain length correction factor. Table 2 lists the values of these parameters for
several groups. The molar cohesive energy is

_ U = . 22L; (3)

and the Hildebrand parameters may be calculated from

MYLAN PHARMS. INC. EXHIBIT 1044 PAGE 131



158 CRC Handbook ofSo£ub1'I:'ty Paranzeters and Other Cohesfon Parameters

TABLE 1

Group Contflbutions to the Molar

Vaporization Enthalpy“

Atom or group, z ‘A HIRJ 1310!“

—CH, 7.45
=cH, 7.45
4:11; 4.14
=CH- 4.14

)cH— -1.59
-0- 6.82
~01-1 30.3
=C0 11.9
-C1-10- 19.’:
—CO0H 37.5

-COOCH, 23.4
—Co0C,H, 215.1
-1111, 14.1:
-0 14.2
—F 3.6“
-13: 13.0-
-1 21.1-

-No, 30.1-
—SH 12.11-

Provisional value.

TABLE 2

Group Molar Cohesive Energi, Molar Volumes, and Attraction
Constants at 25°C

Group, z and 1:10!" -1011: Incl" 'Wun’1no1" ‘F:‘J"’mI~"" mo!"

)('.‘H— 4.015 0.0 -0.5 121
—CH,— 5.15 0.0 16.5 235
-CH, 4.14 0.0 34.0 405
—CH=CI-I3 8.37 0.0 44.0 1520
-0110211,), 12.3 0.0 57.5 931
-1911, 10.3 -0.33 19.0 -m
{'1 11.7 -0.25 24.0 497
—CHO 23-2 -0.71 215.0 110

CH,CO0- 23.2 -0.42 50.5 1105
Cycluhexyl 29.5 —0.92 95.0 1606
Phenyl 31.2 -0.92 75.0 1493
-011 32.3 43.34 3.7 903
-00011 32.3 +0.92 27.0 1352-

‘ More correctly, 1113 + 800.

Adapted from Rhcineck, A. E. and Lin, K. I-‘., J. Pain: TecfmoI., 40. 611, 19158.

8 =- {— UH-’)“’ = (-211/;=v)m (4)

using group 111033: volumes (Section 6.5). This method requires knowledge of only the
chemical structure, without the molar volume (or density), but it is applicabie only at 25°C,

and as presented in Table 2 is limited to l—substituI‘.ed 1:-alkanes because the dependence of
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‘ti. on chemical structure is not reported. The Hildebrand parameters of l-substituted rt-

alkanes by this procedure are therefore given by

‘e + ‘E + (rt — 1 + 3p.) '1)”w+W+m—nw m
B:

for end-groups e = —CH3 and repeat units it ‘— —CH2—. Also shown in Tabie 2 are the

group ruoiar attraction constants (Section 6.4),

Ear (—§¥j=U;zv)m = av (6)3

Fedora‘ also has calculated molar vaporization energy cont:-ibtttions, ‘AU, and molar volume

contributions, ‘V, for structural components (Table 3). Although it is considered“ that they

give less accttrate estimates of cohesive energy than other sets of data, this compilation is

notewortlty because of the great number of groups considered, and because of the inclusion

of metals for use in calculations on organometallic compounds. Fedora found that it was

possible to estimate both U and V (and therefore also 8) for cyclic compounds from the

properties of linear compounds having the same structure, by means of a cyclization incre-

ment. For example, the liquid N-phenyipiperazine,
is considered as

(Q.N’ ‘N — H\__/

I —CH2—Nl-1—Cl-l,—Cl-l2—N—CH,—I
—CH=CH—CH=CH—C=CH—

l in which any functional gmup listed in Table 3 and present in the ring remains intact. Table
4 lists the group contributions, which result in an estimate for the Hildebrand parameter of

l 21.] MP3”. Kreibich and Batzer“ used Fedora‘ cohesive energy increment vaiues in an
' extensive study of polymer glass transition temperatures, while Seminar and Nagakam
_ applied the method to non-ionic surfactants.

i It should be noted that when centrai atoms contain more than one substituent (other than

the groups CH3, CH,, CH, or C) the contributions of those groups to the cohesive energy

in Table 3 are decreased by approximately 20%, while the contributions to the molar volume

are increased by about 'I%.‘ Thus, in CHCI, the Cl contributions to —U and V are -17%

and + 8%, respectively, relative to the Cl contribution in CHZCI, while in Cl-ICJ, the figures
are — 34% and + 14% relative to a single Cl substitnent.

The incrensent of cohesion energy per —Cl-If group wouid not be expected to be constant

unless determined under conditions of constant reduced ternperature (Section 7.3) rather than

constant temperature. Meyer and co-workcrs”"‘ have done this in estimating the relative
magnitudes of dispersion, induction, and orientation cohesive energies. A plot of cohesive

(4) energy against the number, m, of C—H bonds at the same reduced temperature for a ho-
rnologous series of ketones was compared with a similar plot for aikanes (Figure 1}. As the

ketone alkyl chain length increases the orientation interactions decrease, the induction in-

mly the teractions are unaltered, and the dispersion interactions increase at the same rate as those

at 25°C_ for alkanes. At any in value, -U, is given by the alkane line, —Ui is the vertical separation

lence of between the alkane line and the parallel ‘line passing through the high-nz ketone points, and
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TABLE 3

Group Contributions to the Molar Vaporization Energy and
M0131‘ Volume at 25°C

Group, 2 'AUJ'k..I moi“ ’l/fun’ mol“

—CH, 4.71 33.5
—CH2— 4.94 15.:
>cH— 3.43 -— LG
)c< 2.47 -19.2
up: 4.31 28.5
—C]-I= 4.31 13.5

)C= 4.31 — 5 . 5
Ha 3 .85 27.4
-0-: 7.07 6. 5
Phcny! 31 .9 ‘II .4
Phenyicm.-, (0, m, p) 3L9 52.4
Phenyl (llistlbstittlted) 31.9 33.4
Pheny! (telrastlbsmtite-d} 33-9 14.4
Phenyl (pantasubsututcd) 31.9 -4.6
Phenyl {hexasnbstitutt-41) 31 9 -23.6
Ring closure, 5 or moxe atoms I5
Ring closure. 3 art! atoms 3 :4 I8
Conjugation in ring, for each double bond -2.2
Halogen attached to C atom with doubie bond

-F

—F (disuhstimtcdi
—F (uisubstituzed)

—-CF; {for perfluom compounds}
—CF,— {for perflutmn compounds)
—C!

—C! (disubstituicd)
-—Cl (lrisubslimted)
—Br

-Br tdisubstitlztedl
—Br (:1-isubslitnzodl
—I

-I (disuhxtituted)
-1 (trisubstiluted)
—CN
—{3H

-0}! {disuhstitulod or on adjacent C atoms)
-O-

—C[-IO (aldehyde)
—CD-

-CO,-
—CD,— (carbonate)
-0101‘ (319!!!-'I!'i43=)
HCOO— (foimate)
—C0,C0,- (oxalate)
—HCO,
—COF
—COC]
—COBr
-001

—NH;
—NH—

_N<
_N=

MYLAN PHARMS. INC. EXHIBIT 1044 PAGE 134



161

TABLE 3 (continued)

Group Contributions to the Molar Vaporizntiun Energy and
Molar Volume at 25°C

Group, 1 ‘AU?!-(J moi‘ ’ 35/:'c1‘n"‘ mo!’ ‘

-NHNH, 22.11
—mm, 16.7 :5
-'NHNH 16.7 16

—N,(dia.m) 3.4 23
—N=N— 4.2 ——

>C:N—N=C< 20.1 0
-N=C=N- I I .47 —
-NC 13.3 23.1

—N1=. 7.66 33.1
-NIL 5.97 24.5

—c0NH, 41.9 11.5
—C{3NH- 33.5 9.5

—CON( 29. 5 -7 .1

I-ICQN< 27.6 I 1 .3
HCUN'H- 44.0 27.0
-NHC00- 26.4 13.5
-NHCONH- 59.2 —

—NHCON( 4: .9

)NCON( 29.9 — 14.5

| N'H,C0O— 37.0 —-NCO 28. 5 35.0

i —ONH3 I9. 1 20.0
I )C=NOH 25. 1 1 1 .3
I -CH=NOH 25. I 24.9

-190, (aliphatic) 29.3 24.0
-510, (aromatic) 15.35 32.0

l —NO_. 20.9 33. 5
—NO-_g (nitrite) 11.7 33.5
—NHN03 39.8 23.7

| —NNO 27.2 10
-SH 14.44 23.0
-S- 14.15 12

-81- 23.9 23.0
—s,— 13.40 47.2
>50 39. 1
so, 1 3.3 27.5
30,, 23. 5 31 .6
-SD,CI 37.1 43.5
-SCN 39.1 37.0
-NC3 25.1 40.0
P 9.42 - l .0

P0, 14.2 22.7
P0. 20.9 23.0
PO3{0H) 31 .3 32 .2
Si 3 .4 0

SiO., 2] .8 20.0
B 23. 3 - 2.0

130, 0.0 20.4
AI 13 .3 — 2.0
Ga 13 .3 — 2.0
In 13.8 - 2.0
TI 53.8 - 2.0
Gt 8. l - l .5
Sn I I .3 I .5
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TABLE 3 (continued)

Group Contributions to the Molar Vnporization Energy and
Molar Volume at 25°C

Group, z 'AU!'kJ mu!" ‘Wen!’ mol“‘

Pb 172 2.5
A2; 13.0 7.0
Sb 16.3 8.9
31 21.4 9.5
Se 17.2 16.0
Te 20.1 17.4
zn :4.5 2.5
Cd’ 17.8 6.5

Hg 22.3 7.5

Adapted from Fedors, R. F., J’. Poiym. Sci. C, 26, 189. 1969, and van Krevelen. D. W..
Prep.-m‘ie.~1 ofPolymers, 2nd ed., Eleevier, Amsterdam. i976.

TABLE 4

Calculation of Hildebrand Parameter of N-Phenylpiperazlne from Group
Contributions

"W3 "‘°"‘ -2‘,-UikJ mel" 'V’'“'’' '“‘’‘_I E“Wcm-‘ mol"
Group, 1 (Table 3} : {TENS 3) :

4H:1~12—) 4.94 19.3 16.1 54.4
l(—NH—) 3.4 3.4 4.5 4.5
1(—1v< 1 4.2 4.2 -9.0 v9.0
5(-c=) 4.31 21.5 13.5 67.5
1{ )c=) 4.31 4.3 — 5.5 -5.5
3{Conju_gaIed double bonds) 1.67 5.0 — 2. 2 — 5.15
2(fi-Membered rings) 1.05 '16 3265.4 147‘

8 (6S400>’!4'I)‘” = 21.1 MP3”

Adapted from Fedors, R. F., Polym. Eng. Sci, 14, 1-3? and 472. 1974.

—U., is given by the separation of the ketone curve from the straight line passing through

the high—m points. (Figure 1 was derived on the basis of :1. —CH3— group molar volume of
19.08 cm“ mo] ‘, characteristic of hexane at 0°C. The temperature at which each member

of the series displays 19.08 c1113 per mole of —CH2— groups was calculated from thermal

expansion data, and —U was then calculated for each member 31 its own appropriate tem-

perature. Tbis plot therefore assumes a reduced temperature scale which differs from that

based on the critical temperature.)
Lawson” has determined a set of group coI1!1'ibu1i0ns lo molar vaporization energy and

molar volume for fluoro compounds, based on their boiling points and Equation 19, Chapter

'1 (Tabie 5). Further infonnation on cohesive energies has been presented by Polak,” Fried

and Schneier,“ and Maffiolo, Vidal, and Renon. ‘2 Group partial molal entmpies, enthalpies,

and Gibbs free energies of solution also have been u5ed.“"37

6.3 MOLAR ADDITIVE FUNCTIONS

There is an important group of molar additive properties having the fem“
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mi m,,,|—1 FIGURE 1. Molar cohesive energies as fitnctiuns of C—H bond number for alkanes and
kemnes. (Adapted from Meyer, 13. F. and Wagner. R. E., J. Pkys. Chem., 70. 3152,

_ 1966.)v4.4

TABLE 5
_?'5 Group Contributions to the Molar Vaporization Energy
55 and Molar Volume at 25°C for Fluoro Compounds
6.6

2 Group, 2 ‘A Ufld moi“ ‘Wan’ mol"

7 -CF, 3.99 54.3 ,'
—Ci=,— 3.28 23.1 I
—CFH- L77 18.6
—CF— -1.66 -15.0

A — 6.34 — 38.3—(perfluom]

through | I -3.82 — |6.3

)lu::nc of !  m$3 amme) 9 03 19 0
member 1 _uon: . . .S-Atom mg 8.46 37.7 ;
'h°m3*11 | 6-Atom ring 9.51 39.9 '

ate tem- l
7011] that Adapted from Lawson, D. D., Appl. Er:erg., 6, 241, l980.

grgy and Y = Mp_f/(x) =
Chapter _ _ _ _ _
,2; Fried where x is some physlcal quantity, Including the molar parachor {Secuon 17.1), the lye-
halpies parachor (see below), molar am-action {Section 6.4), and molar refraction (Section 3.1).

In general, the group contributions ‘AH am functions of temperature because AH itself
is temperature dependent, but Bowdeu and Jones” showed that for a wide vaxiety of both
polar and nonpolar liquids it was possible to define constants related to N1 and AU which
are independent of temperature:

,p if gp (¥)m = [L] (8)
1
I

 
MYLAN PHARMS. INC. EXHIBIT 1044 PAGE 137



164 CRC Handbook of Solubiiity Parameters‘ and Otker Cohesion Parameters

.p ‘i’ Sp = IA] (9)

The exponents 4:5 and 3.34 were determined empirieaily. The constants [L] and [A], termed
the normal lyoparachor and true lyoparachor, respectively, are independent of temperature.
For temperatures at or below the normal liquid boiling point, the vapor density 89 is negiigible
compared with the liquid density '9, so Equations 8 and 9 can be written

A H = M([L]lV)"" (10) 1

I3 U = M([A]fV)"” U1} ',

It was found that both [L] and [A] could be obtained by summation of group constants:

m=Em m=}m (mI’

so the Hildebrand parameter can be expressed
24".!

6 = 9”‘ (ZMM) (13)

1 Also, the temperature dependence of 8 can be estimated from the temperature dependence
1 of the density because the other factor is independent of temperature. Additional values have

been provided by Wright” and the information on ’{L} and '[A] has been collected by Fedora‘

ll" (Table 6).
H 5.4 GROUP MOLAR ATTRACTION CONSTANTS

Scatchart?‘ and Small” observed that there are parallel linear relationships among several

; homologous series when the square root of the product of the molar volume and molar
'”- cohesion energy, (—UV)“", is plotted against the chain length (number of carbon atoms). In

other words, (—UV}"’, or the equivalent quantity (EBV), has additive properties. It has been
described as the molar attraction, F (compare Equation 7),

and can be considered to be made up of the sum of the group molar attraction constants ‘F

I

H
ll F = 8V (I4)
I

' I of all the molecular groups 2:

— = (E'F)’.fV (15)

. ' so

a = (2=F;v)* (16)
and

5 = Eawv ——- '2}:-‘;2=v (17)

Molar cohesive energies and I-lildebnmd parameters can thus be estimated for any rnoiecular
compound once the individual group moiar attraction constants are detennjned. Aithough

 
MYLAN PHARMS. INC. EXHIBIT 1044 PAGE 138



 
(9)

M {A}. termed

'1' temperature.

‘'0 is negligibie

(10)

(11)

constants:

(12)

(13)

dependence
values have

if by Fedors‘

ong several
and molar

atoms). In

it has been

(14)
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TABLE 6

Group Contributions to the Normal Lyoparachor, [L]

and True Parachor, [A}‘v‘“'3'"

'[L]='J"‘s"’ cm’ 'IAI:‘.F“ 2"“ cm’
Group or atom, .1 mo!“ moi“

C — 3751 — 2353
H 2655 1736
N — 354.2 — 14 I -3

0 (ether) 560.4 428.5
0 flretone} 6676 4493
O (1-zetonc)“ 6934 4601
0 (cm-boxylate) 2840 1899
O (anhydfider 4182 2796
0 (carbmatef 2074 1395
CN (a1ipl1a1ic)‘ 7870 5294
CN (aronJa!ic}' 6704 4543
C! 2747 I881
Br 682.? 554
l — 54. I 128.5
Branch in an ether: chain - 4111 -2170

Benzene ring bonds 18199 I 1710
Cyclobcxanr: ring bonds 3665 2322
Cyclohexene ring bonds‘ 8990 5754
O {wrb0na1e)" 1729 1229
F’ 1666 ii 12
Sn" — 4526 -- 2808

NO, {nitm}" 5280 3598
Double bond‘ 4620 2954
Double bond‘ 52659 3434

Triple bond‘ M250 7342
Tripkftlond‘ 10510 6827
Pyridine ring bonds‘ 185-10 [2080
Furalze ring bonds‘ [3390 B629

" From Reference 38 and the remainder frorn Reference 29.
* Provisional values.

the additivizy of group molar attraction constants on an incremental basis is questionable on

theoretical grounds, the method is adequate for many applications.33'3‘ It provides acceptable

data for hydrocarbons and many other compounds, but it is less satisfactory for situations

where several large groups are packed around a central atom (as in tetrachloromethane, for

example) and where steric. ring-closure, conjugation, polar, and hydrogen bonding effects

are significant. (Sma]I’s values for group molar attraction constants at 25°C appear below
in Table 1!.)

Hoy”'3°‘ rcdeterrnined Sma1l‘s constants on the basis of new values of Hiidebrand pa-
rameters calculaled from vapor pressure data for a large number of compounds. The Hil-

debrand parameters may be calculated from

8fMPa"3 = (En? + 276.3);V (13)

In Table 7 are collected values of ’F, zogether with the corresponding polar constants that

are used in the same way to evaluate the polar cohesion parameter, 8], (Section 5.9 and
Section 6.8} and also the group molar volumes at the glass transition temperature.

Numerical values of Hoy’s cohesion parameters are presented in Table 13, Chapter 5,
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TABLE 7

Hey Group Molar Attraction Constants at 25“C

tram an“ -3.11“ cm“

Group, z Bond type moi“ nor‘

Basc value 276.3
-CH, Sazurated 303.-I
-cH.— Saturated 259.0
)CH— Samrated 175 .9
>c< Saturated 55.5
CH7: Alkem: 258 .8
—CIl= Aiken: 245. 5

)C= Alksenc 172.8
-CH: Aromatic 239.9

)C= Aromatic 211).?
-0- E11181‘ 235 .2
-0- Aoeta} 236.3
-0- Epoxidc 360.4

Estzr 663. I
Kctone 538.0

Aldehyde 598.6
Anhydride 1160.4
Acid 564.8
H-bond 01-! 485.8

Primary {not H-bonded) 673.8
Secondazy 591.6
Tcnimy 798.6
Phenolic 349.8

Amino, primary 463.5
Amino, secondary 368.2
Amino. tertiary l25.0
Nitrilc ?2S.3

Isocyamate 733.?
Formamide 1017.0
Amide 1134.6
Amide 1206.6
Umhane 1261.9
Thioeiim 423.3

Primary 419.5
Secmdury 426.1
Twimed 701.0
Aromatic 329.3
Primary 527.5
Ammatic 420.6

Primary 84.5

Conjugation 47.6
Cis —- 14.6
Trans -27.6
4-Mcmbered ring 159.1
5—Membered ring 42.9
6—M:::nbemd ring —-1-8.0
‘J’-Membcrcd ring 92.3
Bicycluhcptane ring 46.2
'I'ricyclodecanc ring 127.8
011110 s::bs1.itLltiun 19.3 - 13.3
Meta substitution 13.5 — 24.3
Para substitution 82.4 — 33.8

Adapwd from Hey. K. L., The Hay Tables‘ ::5fSalub:'i£!y Pammerers, Union Cuzbide Corporation, 1975 and 1985;
J’. Pain: Tech::ot.. 4&2. 1'6, I970.
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which is based on the vaiues in the 1975 and 1985 editions of the Union Carbide publica-

tion.”-’‘’ {The glycol ether values in the later editions have polar and nonpolar cohesion

parameters that differ from those published earlier, a result of correcting a group value

error.) I-Ioy found that the only compounds for which the simple molar attraction procedure

was unsatisfactory were the acids, alcohols, and other compounds capable of association
and “cltameleonic” behavior (Section 5.5). He therefore took dirnerization into account in

such compounds:

O-—H—O
\.#

R—C C—R
\ I

0-H--O

If the cohesion parameter is expressed

a = (—Upm)“2 (19)

then in the case of dimeric molecules the molar mass is 2M, so

8 = (— Upz2M3-"2 <20)

Matsuura” used modified Small constants in a discussion of reverse osmosis separation.

Another set of atomic attraction constants was derived by van Krevelen3"” based on the

contributions of atoms and features such as double bonds (‘Table 8). This was intended for

the investigation of coal (Section 16.11), but it was used by Cbavan et at.” for anionic dyes

(Section 17.8), and derived group attraction constants for polymers appear in Table 12,

Chapter 14. In an interesting extension of the concept, molar attraction constants have been

applied to the correlation of biological activity with chemical structure (Chapter 19).

McGowan“ estimated molecular attraction constants and cohesion parameters from char-
acteristic atomic volumes.

It is not necessary to fully evaluate the Hildebrand parameter of a compound to benefit

from information on group contribution values. Bohcrski, Seiner, and Petracca“ have applied

molar attraction constants to silicon chemistry, calculating a "working Hildebrand param-

etcr" from a weighted average of individual carborrbased functional groups bonded to siiicon
(Section 17.5).

6.5 GROUP MOLAR VOLUME |
As indicated earlier in this chapter, the molar volumes of homologous series of molecules

increase approximately lineariy with increasing numbers of carbon atoms. This is true not

only among the members of each series, but also between different series of corn-

pounds.‘-‘°*"-'5-2‘-“-“ Even more significantly, the contribution of a polar- or hydrogen-

bonding end group changes very little with the chain length —-— the effect of hydrogen bonding

and polarity remains unchanged or undiluted by the increasing nonhydrogen bonding and

nonpoiar portions of the molecules.

Thus, l

V Mp“ — 24/ (23)I

where 2 represents the contributing group. (Group taontribulions are found to be preferable
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TABLE 8

Atomic Attraction Constants at 25°C

Atom or 5I:l"l.ll3'I.II.I'I.I feature, ‘Ft'.I”’ cm"
.2 Bond type moi"

C 0.0
H 140.!
O Ether 256
0 Ester 256
0 Kelonc 685
0 Primary alcohol 736
0 Secondary alcohol 614
O Phenol 5] l
S Thioether 460

S Thiol (51!)
F 164
CI 4'11
Br 614
I 859
Double bond (nonaromalic) 164
Double bond (aromatic) 272
Triple bond 440
N Aliphatic primary amine 205
N Aliphatic secondary amine 286
N Aromatic primary amine 133
N Heterocycle 235
N Nitrile 982
N + 0 Aliphatic nitro 941
N + O Aromatic nirm 665

N + 0 Acid amide, —(“3 —NH-- 2227
,’ o

N + 0 Acid amide, fill -N 818
0

I Nonaromatic ring 123
Rarnification in chain -92
Conjugation of double bonds 5!
2 Oi-Is on adjacent Cs - 339

| .

I [ Adapted from van Krevelen, o. w.. Fact’. 44, 229, 1965.

to “atom” contributions, which tend to be more dependent on the nature of the surrounding

l atoms-) For an homologous series the additive character can be tested by plotting 9' 1 against
M '. If the increments for the repeating units (it) and for the constant “end” groups (as) of
the molecule are designated "M, “V and ‘M, ‘V, respectively, for the molar masses and molar
volumes, it can be shown” that

p-1 = “VPM + {=M=V — ‘M"V}M"f“M (22)

I so for exact additivity a set of lines is obtained, intersecting at (O, "V.I"‘M). Eisner” found
that the additivity criterion was better fuifiliecl at constant temperature than at the individual
boiling points.

I The degree of molecular flexibility (conformational freedom) can influence the space
I requirement of groups.“ Askadskii and co-workers“”° have discussed molar volumes in

terms of the van der Waals volumes, ‘V, of the constituent atoms or groups, and the molecular
packing coefficient k which they defined

 
MYLAN PHARMS. INC. EXHIBIT 1044 PAGE 142



Imfftifli‘ I 1

k = (NAM 2% <~,.pm>2=v. <23)

where N, is the Avogarlro constant. Values of ‘V, are given in Table 9; it should be noted
that these are moiecular constants, in units of A”, which must be multiplied by NA to provide
group molar constants. van der Waals volumes and molecular packing factors have been
used widely in other ways related to cohesion pa.rarneters.5"53

Some group contributions to molar volumes at 25°C are included in Tables 2 and 3,
and van Krevelen‘-‘ has provided a summary of other values. This information may be used
to estimate molar volumes for compounds when experimental values are unavailable, or to
check that the ariditivity in a function of the form of Equation 7 is fulfilled with an accuracy
greater than that of the molar volume alone.” Information on group molar volumes of
polymers is included in Section 13.1, and the significance of molar volume in the activity
of drugs in Chapter 19. For the “molar surface" modification of the Hildebrand-Scatchard

equation,”-55 molecular surface increments may be combined in the same way as volume
increments.

6.6 GROUP COHESION PARAMETERS

During their search for improved methods of cohesion parameter calculations based on
group contributions, Rheineclr and Lin" planed Hildebrand parameters against numbers of
carbon atoms, :1, in homologous series. For the hydrocarbons (Figure 2) a straight line

I relationship exists above about five carbon atoms; Hildebrand parameters have been evaluated-""
for n-alkanes up to C”. For the other homologous series (Figure 3) no sinipie relationship
is apparent.

| In alternative methods of interpolating and extrapolating cohesion parameters, Riitzseh
and Krnhn” found that graphs of log 8 against 11" were linear, while Watanabe and
Sugiyania” plotted log 6 against log M to give straght lines for homologous series of saturated
aliphatic hydrocarbons, alcohols, alkylbenzenes, ethers, lretones, and monobrorninazed hy-
drocarbons, but slightly curved lines for nitriies and esters of acetic acid-

Konstarn and Feairheller” proposed a modified method for calculating Hildebrand pa-
rameters more directly from functional group contributions. In general, straight lines result
when the Hildebrand parameters of a homologous series of znonofunctional compounds are
plotted against the reciprocal of the molar volume, ‘V-1 (Figure 4):”-9°

= -I

mwnding ’ 8 A + EV (24)-: - :-

1 against as discussed further in Section 10.1. This is equivalent to plotting (—UV)"’ against the
:3‘: (6 lof number, n, of carbon atoms if V is a linear function of n and is more satisfactory for

m0 at estimating the Hildebrand parameter of high molar mass members of a homologous series
because the intercept of the line with the 8 axis represents the Hildebrand parameter of an

(22) infinitely long member of the series { “ = 0). 'Ihis means that all higher mernbers of the
series fall on a line between this axis and the first datum point and so can be readily obtained
by extrapolation. (The lighter members of the homologous series of unsubstituted hydro-

I

ffallnd I carbons are exceptional in not lying on a straight line when plotted against V‘ l.) The
M Haj [ functional group molar volumes may also be estimated from this information.

the space ' The analysis can be extended in terms of end groups (or) and repeating units (a)."

lumes in F _ , _ .. _. .
flolecmar I 3 H ;F:‘V _ {aw V}i”V + Fyv (253
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Mom or group

c—§’cH;:

C:<é,<«H
c:'“":‘H

S.
!C\

TABLE 9

Bond lengths.-‘.71

C—C. L48

C‘-C. 1.54, 1.43

C—C. 1.40

C-C, 1.40; C-1-I, 1.98

C-0, 1.59; C-H, 1.03; C=0,
1.34

C-0, 1.37; C—H. 1.0%

C-0. 1.50; C=O, 1.28

C—C, 1.54; C‘-"O. 1.23

C—C. 1.45; C-H, 1.08; C=0,
1.23

C—C. 1.40; C—N, 1.37

CRC Handbook of Solubility Parameters and Other Cohesion Parameters

van der Waais Volumes of Atoms and Atomic Groups

IVJAS

22.?

12.6

7.8

13.9

16.2

5.2

i9.0

12.3

16.9

10.2
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TABLE 9 (continued)

van der Waals Volumes of Atoms and Atomic Groups

é Atom or group Bond lengths/1‘ WJA’

I H c—C, 1.40; C-11, 1.03; C~N. 14.3
’ 1.34

""""-c. N—H, 1.08 3.5

\.__ __,r

I Q C—N. L37; N=0, [.20 7.0
P
F

5 H _ H C—N,1.37;N—H,l.{}3 3.7

, -\ N=O, 1.20 12

C C c—P. 1.81 14.7

C=S, l.':'l' 20.2

/"3 c—s, no 16.5

S _____ H C=C. 1.34; C-5, 1.7.6. C-H. 1.03 14.2

C ___. C C-5, 1.76; S=O, 1.44 14.?

C-5. 1.76; 5-H. 1.33 19.5

“- S—H, 1.33 3_2s ' H 1
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TABLE 9 (cuntinued)

van der Waals Volumes of Atoms and Atomic Groups

Bond Ienguasm

C-11, 1.08; C-51, 1.76

C-S, 1.55

C-8, [.55

C—C, 1.4-U; C-C1. 1.70

C-C1, [.70

C=C. L34; C-Cl, 1.77

C-11, 1.08; C-1, 2.21

C-1, 221

C~C. 1.54; C—H, 1.08: C-Cl,
1.7"?

C-Br. 1.85

C-11, 1.08; C-Br, 1.94

C-81‘, 1.9-4

xvJ13

18.4

14.9

19.7

10.5

19.5

11.0

l3.5

14.!

27.1

117

27.3

 



meters 
TABLE 9 (continued)

van der Waals Volumes of Atoms and Atomic Groups

Atom or group Bond iengmsnt rvfits

H 3, cc 1.54; (3—l-I, 1.G3;C—Br, 9.5
\)\‘I''''‘\ 1.94

/‘vC><:
C C

H B, C-1-l, ms; C-31‘, 1.94 20.5

‘s {
_/(-..._/

Br Br

H ._ _ B, C-C, 1.54; C—H, 1.93; C-—Br. mo

r >r
' /<._>\

I C Br’

53,- C—C, 1.40; C—Br, 1.35 9.9

. ;,c.:»
| C ' ‘C

Phys: Ckem.. 225. 99, 1975; Vjwolronsol Soedbs. Ser. A 19, 1004, 1977;
I Poiym. Sci. U.5.5.R.. 29, 1:59. 1977.

where (V — ‘l/)f"V is a measure of the number of repeating units. Group Hildebrand
parameters may be defined,

I *3 = 'F!“V (26)
j so

‘'8 = “FFV, '5 = ‘FFV (27)
and

) s = vaauvm + ’6‘V/V (23)
which has the same form as Equation 24. The calculation of polymer cohesion parameters
is discussed further in Section 14.8. Table 10 lists some group cohesion parameters and
group molar volumes. The group molar volumes may be compared with the molar volumes
of their molecular analogues, that is ofmoiecules consisting of functional group plus hydrogen
atom. For example, water (V = 18.0 cm’ rnol‘ ‘) and acetic acid (V = 57.9 cm3 1130]“)
have rather smaller molar volumes than -01-! (‘V = 19.7 cm’ mo!‘ 1) and CH,COO— (‘V
= 58.5 cm3 moi") because of the extensive hydrogen bonding, but most molecules are
slightly larger than the sum of the volumes of their functional groups.

The group molar attraction constants also calculated by Konstam and Feai1ireller"9 are
listed in Table ll, along with Small’s"" earlier values. It should be noted that Small’s value
for the hydroxyl group represents only the cohesive pressure resulting from dispersion, while
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FIGURE 2. Hildebrand parameters of hydrocarbons as functions of numbers of
carbon atoms. (Adapted from Rheinecii, A. E. and Lin, K. F., J. Pain: Tec}ma!..
40. 61], 1968.]

the method" of calculation of Konstam and Feairhelier takes hydrogen bonding into account.

(in fact,“ Smalfs method provides a reasonable estimate of internal pressure rather ihan

cohesive pressure: see Section 7.5.} Sears and Darby“ applied Smalrs method to plasti-
cizers, and many other estimates of Hildebrand parameters and related quantities have been

based on these particular attraction constants, despite the publication of several revised sets
(Section 6.4}.

Askadskii and cowori:ers""" calculated cohesion parameters by means of the van der

Waals volumes described in the previous section. It follows from the definition of the packing
coefficient 52 that

 
Uk U* 2%

l 8 ‘”"’ ~.2=v,. ~.>:T. ‘Z9’ .

5 where —U* is the effective molar cohesive energy [the molar cohesive energy, -U, divided I

l by the factor describing the number of times the van tier Waals volume is smaller than the
molar volume). The effective cohesive energy atomic contributions are listed in Table 12,

and the denominator terms may be evaluated from the data in Table 9. These have been

used both for liquids, and for polymers (Section 14.8}.

Fisher”-53 developed simple logarithmic equations for relaxing hornolog cohesion pa-
rameters to number of carbon atoms (:1) of the form 8 = b + or log (I! + k). Cohesion

parameters of some moderately polar homoiogs could be represented by siinpie linear equa-
tions, 8 = b + m n. The tables of b, m, and k values can be used to estimate Hildebrand

parameters for a very large number of compounds. Also, tire logarithm expression may be
used to relate Hildebrand parameters to other quantifies such as molar volume, boiling point,

and vaporization enthalpy, which are linearly related to homoiog chain length. Fisher has
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tccount.

ier than

3 plasti-
Ve been

tied sets

Van der

jacking FIGURE 3. Hildebrand parameters of :1-elkyl dc11'vati\-'es as functions of number
of carbon atoms. (Adapted from Rheineck, A. E. and Lin, K. F.. J. Pain: TerIma.I'., L
40. 61]. 1968.} 5

29 proceeded to devise aitemative equations correlating Hildebrand parameters and other prop-
( ) eriies of homologs with chain length.“-5‘ Ea!

A novel correlation“ of cohesion energy parameters is based on the ratio of the sum of

_ atomic weights of hetero atoms in the liquid molecule to the total molecular weight, and

“"1'33d the ratio of the number of methyl or CF, groups per molecule to the total number of carbon KIan the atoms per molecule.
ie 12, _.

= been 6.’? HOMOMORPI-IS AND DISPERSION COHESION

PARAMETERS ; -I
‘*3 93- '.‘-fir"
5335011 In any multicornponent cohesion parameter system there arises the problem of evaiuating "5
5q"3- the various components separately, and one obvious approach is to compare the properties F "j
“and of compounds which differ only in the presence or absence of a certain group. Here the
‘Y be horn-omorph concept is important?’ the homomorph of a polar molecule is a nonpolar '
flint. molesulc having very nearly the same size and shape- Bondi and Sin1kin°“""° proposed that
" has for the purpose of estimating the dispersion component of cohesive pressure or cohesion
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30-

‘l— alcohols

methyl esters 
- (J H H 5 3 10 l 15| — _

1o \r‘1.r’cn'I3mol1

FIGURE 4. Hildelzrand parameters ofhomologous series as functions of reciprocal I u
molar volume. (Adapted from Kornstmn, A. H. and Feairheller. W. EL, Jr., Am.
Inst. Chem. Eng. J., 16, 837, I910.)

! parameter, the hornomorph of a polar molecule is that hydrocarbon whose structure is the
same as that of the polar molecule, the vaporization enthalpy of the hornoniorph being

' evaluated at the same reduced temperature as that of the polar derivative. Following the
I additional recommendationm" that the homomorpli should have the same molar volume as

well as 3 structure similar to that of the polar compound, Blanks and Prausnitz"-73 published
a homomorphic plot of the energy of vaporization for strajghtcliain hydrocarbons (Figure

5). On the same basis, Weimer and Praosnitz" prepared homomorph plots of the cohesive
‘ pressure against molar volume at various reduced temperatures for alkanes, cycloalkanes,
|- and aromatic hydrocarbons {Figures 6 to 8). (The axes in Figures 1 to 3 of Weimcr and

pl Plausnitz" should be labeled “cal cm"”, and Equation 9 lacks the factor R7‘ in the last
. two lerms.") The figures also have been reproduced e1sewhen':."'” The cohesive pressure
| properties of a series of similar liquids vary in a smooth, continuous manner with their molar

volumes, and ‘I'l1ompson”"“' has expressed this analytically. Similar lioniornorphic plots
have been presented by Heipinstill and Van Winkle.”

Wingefors and Liljenzinlg-3° developed a new hornornoxph equation for the calculation

| of dispersion cohesive pressure, based on Antoine constants and vaporization enthalpies at
I zhe boiling point and at 25°C. This correlation is depicted here for primary alcohols az 25°C1 (Figure 93), malkanes at 25°C {Figure 9b), and n-alkanes at their normal boiling points
I (Figure 9c). The nonlincarity of the V scale should be noted; 5,2 is a linear function of V

raised to the power of B:

5‘ size cm" = (—UIV):’J cur’ = am) ~ b(r,)v°
who're

9 = 0.124687, (30)

o(T,} = 1022.31 -‘ 1586.36-T, + 1082.077?

' b(T,) = 277.790 —- 531.335 2; + 432.0391?

The broken lines in Figure 9 indicate a region where Equation has limited accuracy.
Pussemier et al.‘‘’‘‘ used the liomornorph principle in evaluating Hildebrand parameters
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TABLE 10

Group Cohesion Parameters and

Group Molar Volumes of Some
Functional Groups

Group, 3 *5!MPa”’ ‘Wen’ 11101“

—N 24.03 29.49
- * 13.46 30.30
—Cl 18.18 34.98
-8! 19.33 33.07
—-I 19.80 42.30
—CO0H 29.60 36.23
-011 4! .50 19.66
—CHO 22.15 37.22

—(co)- 23.47 32.52
CH,CO— 23. 13 53.49
—O— 20.54 27.96
—CN 39.40 31.23

Adapted from Konstam, A. H. and Feairnelier,
W. R.,3r..An-1. Inst. Chem. Eng. .I., I6, 83?, 1970.

for pesticides (containing highly polar bioactive functions) firorn experimental information
on compounds corresponding to the aromatic portions of the pesticide molecules.

Varushchenko, Loseva, and Druzltininam‘ used the assumption” that a carbon-chlorine

bond and three carbon-hydrogen bonds make almost equal contributions to the dispersion
energy of a polar liquid to calculate

M1; = -I‘-‘-U°(C.tH;».tC12) - t5U"(C.t...z Han-rt.)

and so separated polar and dispersion components. Another experimental approach to in-
formation of this kind is gas—liquid chromatography (Section 18.3).

From graphs or functions such as those above, the dispersion cohesive pressure, -UdiV,

and dispersion parameter, 8,, at any desired molar volume and temperature may be deter-

mined for a particular type of molecular skeleton. However, there are difficuities. Hansen

and Beerbower“ have pointed out that the hornomorph charts of Wcirner and Prausnitz”

and of I-lelpinstill and Van Winkle", which were extended (but not used) by Bcerbowcr and
Dicltey,“ yield dispersion parameter values higher than those of Blanks and Prausnitz.”
This last set was the basis for several subsequent successful correlations by Hansen,”-'“

Beerbowersm‘-*5 and Zisrnan,“ as well as the data used by Hansen and Boetbower.“ When

using group contribution and cohesion parameter data from different literature sources, it is

essential to check that they are based on the same models and assumptions, and that they
are self-consistent.

6.8 HANSEN PARAMETER GROUP CONTRIBUTIONS

It would be useful to be able to estimate the Hansen parameters 33, 89. and 8,, (Section

5.9) directly from molecular physical properties, but although correlations may be found

between the cohesion parameter components and these quantifies (Section 8.2, and in par-
ticular the work of Peiffer,” Loev and Lavrishchev,“ Stekol’schchilrov et al. ,3‘ and Mattie,

Wu, Adjei, and Beerhower”-9°). it is usually more convenient to use methods based on

structural combinations. If a quick estimate of the dispersion parameter is required, the

dispersion contributions of Table 13 can be used:'’-’‘'”‘
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TABLE 11

Group Molar Attraction Constants at 25°C

-mm cm“ moi" 

 

 

 

 

Konetan: Ind

Group. 1 Bond type Smut!“ Feairheller”

4:11, 433 —
—C]-I, Single 272

)CH- Single 57 ‘- 1
)0: Single -190 -
cH,= Double 339 - --

—CH= Double 227 _ I ' ':>c= Double 39 .

c1-1ac- Triple 583 u _ F
-C£°C- Triple 454 ':
Phenyl 1503 '
Phenyienc ((),m,;:) 1345 ‘ - '

Naphihyl 2344 _
Ring, 5-membered 215-235 - - IRing, 6-meznbered :95-215 -
Conjugatien 4-O-60 —
s Sulfide 4450

sn Thiol 644 .
om)! Nitrate ~90o
No, Aliphatic nitro ——9oo

' 90.. Organic phosphate ~zo2o
' I-I Variable {anus . -
' —CHO -- 324

-0- Ether 143 575 I
I -c0- Ketoee 563 531

—c:oo— saw: 634 '430014 — [074

[IN 339 948 I
Single 552 636

C? >00, 532 636 I
‘ cz —ccr3 511 493-

CI )c(c1)—c(ca3( - - 497
Br Single 695 ‘I36
8: >CBr3 — 67?

Br -CB1’, 581'
Br )C(Br)—C(3r)< 630
F Single 40?
CF, n-Fluorocazbon 307 311
CF; n-Flnonocarbnn 56!
I Single 369 339
0}: Single 343* am
OH Din! — 634
N11,, 710

Vaizzcs based an data for only one cornpom1d_

See text for expianation of discrepancy between values of ‘F for -0}! group.

86 -— (2'F..)»‘V (31)

If only one poiar group is present, it is possible to evaluate 5, from Table 7 by means of

8.. = FJV <32)
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TABLE 12

Effective Cohesive Energy Atomic Contribntions""5'

Atom or molecular feature, z —’U“!'kJ mo!"
1!

I Carbon 2.304
Hydrogen 0.200
Oxygen 0.597
Nitogen 5.01
F['um-fine 0.101
Chlorine -0.93
Bramine 2.44
Iodine 7.1]
Sulftu 7.32
DipO1Crd1p9:C coupling in dipolar aproiic solvents 6.79
Dipole-dipcie coupling in amide-type sotvents 6.79
Dipole-dipole coupling in dimcthyisulfoxide type solvents 10.88
Hydrogen bonding 16.44

| Aromatic ring (skeleton) 2.98
I Dmabie hand — 2.35

30

21}

A9 ummaf‘1

10 5

_ .

30 1.0 50 50 70 lg) $0 ‘E00 110 120 130 1:10Wcrn mo!"

FIGURE 5. Vaporization energy fox straight-chain hydrocnrbans plotted against main: vol-

ume at various reduced temperatures. (Adapted fmm Blanks, R. F. and Prausnilz, J. M.. I
Ind. Eng. Chem. Fund” 3, 1. 1964.)

but for more than one polar group it is necessary to correct for the interaction of polar groups E
by using”

U2

3,, = (2=F§) iv (33)
This must be reduced by multiplying 8], calculated by Equation 33 by a symmetry factor if

two identical polar groups are present in symmetrical positiuns:
(31) :

I 0.5 for one plane of symmetry

I 0.25 for two planes of symmetry I
"5 '31- I 0 for more planes of symmetry 1

(32)
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300- 0-5-5

0-50

250.. 0-55 _0-EU

CXMPEX 355
2001- 0?‘)

 
1'50‘-

L _ _|_ I _l_ I _L I __.
5] ED 70 B0 90 100 110 120 130 M0

Wcn'I3mui1

FIGURE 6. Homnmorph plots for n-aikanes of cohesive ‘pmssltxc against
moiar volmne at vm-ions reduced temperatures. {Adapted from Wcimer,
R. F. and Prausnitz, J. M., I!_wz’ror:urb0n Pros. Petr. R133. 44, 233', 1965:see text.) '

 
I FIGURE 7. I-lomamoiph plots for cyuzoalkmes of cohesive pwasure

against molar volume at various reduced tempcratums. (Adapted Emm
Weimer, R. P. and Prausiiit-z, 3. M., Hydrocarbon Pm:-. Petr. R42, 44,|. 23?. 1965: see text.)

These factors are included with the ‘F, values in Table 13. Hansen and Becrbower“ provided
aitemaljve values, warning against indiscriminate addition of functional goup contributions

J and pointing out that the effect of adding a second chlorine could reduce 59, but ortho' —CO0— groups in phlhaiate could quadrupie 59.
Hey”-3‘ used a group contribution method for the polar cohesion pararnezcr (see Sections1! 5.11 and 6.4) based on

39 = '6l(Z‘FP/g"F) (34)
with the ‘F9 values in Table 7.
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xibutions
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(34)

 

 
2531’ 41%

FIGURE 8. Homommph plots for ammfilic hydrocarbons of cohesive
pressure against molar volume at various reduced l . [Adapted
from Wcimer, R. F. md Prausnitz, I. M., Hydrocarbon Prac. Petr. Rgfi,
44, 233‘, 1965: we text.)

50 100 150 200 250 300

We m3 m o 1*‘

FIGURE 9. Cohesive pressures of r:—alkanes in terms of molar volume
and reduced temperature: a, primary alcohols; b, :1-alkancs at 25“C; and
c, n-allcanes at their uunnai |:K5fliug points. {Adapted from Wingcfors. S.
and Liljenzin. J. 0., J. Chem. Technol. B:'o:echm:u'., 31, S23. 1981.)
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TABLE 13 - ,-

Dispersion and Polar Group Molar Attraction Contributions

zpanm. cmaa mo]-I (IF’=fiv |5F)JIJ1.’! “Tau
—“ ‘-" :1;ram emu mo]-3
Koenhen and no mo!" Hansen and

Structural group Smuiders" Krevelen“ van Kxwelen“ Beerbower“

-CH, 411 420 e -.
—CH,— 284 2'70 0
>c— 104 so 0 —

) — -70 0
=01, — 400 0 —
=vCH— 200 0 —

=c( - — 70 D —

' O 152.. 0

I -© [SIG 1430 ND

{C} re re. p) 1350 mo 11:; --
—F (220) — 460 :: 50
4:1 - -- 459 550 610 : 200

)CI, - 360 so

-I -3: (550) - 619 : so
I -1 — — 665 1 so

I —CN 4445 430 me 1070 .+ 100
—()H 202 210 500 519 =: so

(-019, - _ mass 2: 50)

,_| 4:» I00 me 410 3: 100
ll -con — 470 am — —{=0 325 — - - .

I -co- — 290 ‘no son : so
-coon 409 530 420 459 : 20
—C00— 395 390 490 519 1 so

| HCOO— 530 — -

—NH, 230 _ am 2 200
I —N1-I— 243 I60 219 205 = so
' —N< 20 sec --

—ND, 440 500 1070 1020 1 100
I ._5_ _ 449 _

I =90: 740 1890 -
| Ring 190 — —
l ' Um: piano of syn: - ~ 9 50 x

I gnetry
Two planes of sym- -—- - 0.25 X

I me"?

| More piaucs of — - 0 x
symmetzjv

Aithough the F—method is not appiicable directly to the calculation of Sh, Hansen and
Beerbewer" have assumed that hydrogen bonding cohesive energy is additive, leading to

5]. = (2 — zvmm (35)

Two sets of estimates of —‘U,_ are shown in Table 14. Again, extreme caution is needed in

adding group contributions in the use of a single hydrogen bonding parameter to describe
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TABLE 14

Hydrogen Bonding Parameter Group Contributions
1

-‘U. = 'V"5§}J mul"

shcmrd .UJJ ma}-1 Hansen and Beerhowwer"
group, .1 van Krevelen” Aliphatic Aromatic

, —Cl-I, o
—C1-12- 0 -

)Cl-l— o -
< 0

=CH1 o - -—
=CH— o — —

: =C< 0 _

(DO
I

—T - -fl «-0 |
4:1 «too 4100 r: so 4oo : so ‘
>c1, - oso : «to 150 : 4o I
-131“ moo 2 400 zxoo : 400
-1 - 4ooo ;«.-. soo —
-cn 2500 me = 9.00 2300 : aoo
4314 zoooo 19500 1 non :9soo : moo
409), _ n(l95{I} : mo; n{l9S00 : nos)
4:» sooo 4soo : moo szoo x rzoo
4:03 450:; -
-co- zooo 2.300 =_» aoo 33oo :!: soo
-COOH 1o-ooo moo 1 1000 940:3 : moo
—COO— rooo 5200 = soo 3300 1 ooo
—NH, 3400 sooo : soo- 9-zoo : zoo .
—m-:— 2.100 3100 I‘: one: I - -
—N< sooo .. , I
—NO2 1soo woo : zoo noo : zoo ' -— - 13ooo —

Data from Bondi“ corrected to 25°C and Vfifi subtracted. For irnporlant steric shielding
effects, see his Tables 7.6 and 7.7.

an interaction really requiring both donor and acceptor components (Section 5.5), where
“chameleonic" effects can occur.

Meosberger” presented the Hansen parameter group contributions in Table 15 compiled
by Beerbower as a compromise between the 1971 I-lanser.—Beerbower data {Table l I , Chapter
5} and Boy's cohesion parameters {Table 18, Chapter 5}, and which at least have the
advantage of being the most recenlly compiled comprehensive set- Examples of calculations
of component cohesion parameters are provided in Table 16.

lid

to 6.9 PARTICIPATING AND NONPARTICIPATING GROUPS

is) In applying cohesion parameter methods to the solubility of steroids and other drugs,
Ostrenga and Steinn1etz3"93-9‘ formulated a parameter which assessed the fraction of the

‘ liquid molecule which could participate in specific interactions, considered to be highly
ti: significant in the solubiliration process:
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Group Contributions for Molar Volumes and Hansen Parameters Com iled I3 Bee;-haP 3? wer

S£:r£u:tI.Ira.1 gm-up

—CH,
-CI-Ir
>CH-

>C<
=CH2
=CH—

d=<

5 or 6 member ring
Corijuga.tion:chajn
(Sis configuration

Cunjugatiunrring
-O-

>c=o
—OCO—

>P0:
-CN

+10.

—CO0— ester

‘COO— ester aromatic
-O-

-0— aromatic

—NH;
_5_

Phenyl-
I-‘hcny1(
-N0; aromatic
—NH— aromatic

}N—aromaIic
>00.

>90: ring
HCO(}— fannalc

-C'0—O—CO— zmhydride

Adapiad from Meusberger,

M

gmol"

15.04
14.03
13.02
12.01

14.03
1 3.02
12.01

0.00
0.00
0.00
0.00

16.0
23.0

44.0
96.0

26.0
46.0
16.0
15.0
14.0

14.0
43.0
42.0

17.0
45 .0
44. 1

35.5
35.5
70.9
28.0

19.0
79.9
79.9

159.8
126.9
44.0
44.0
16.0
16.0
15.0
32.1.
77.1
76.1

46.0
15.0
14.0
60.0

60.0
44.0
72.0

K. E., . . . .
Am Chem. Soc. Symp. Sen. 3'71 (pgggcge po,.,mda,mM]’ 15!’ I938.

TABLE 15

‘V
cm’ moi”

33.7
26.5

-1.0

-19.2
32.:
12.4

-5.7

13.5
-1.?

0.0
0.30
3.00

10.5

18.96
23.00
22.40
24.00
17.93
4.50

-9.00

4.00
16.80
13.20

10.47
2183
3.80

25.30
24.00
51.20
10.£KJ
18.00
29.[B
30.00
54.00
32.20
8.20
8.20
3.60
3.80

25.10
8.00

75.40
60.40

24.00
4.50

-9.00
22.00
22.00

32.50
30.00

ap-
= [V aid)

1”‘ cm“ mu!"

4:9
270
30

— 70

403
223
45

190
{I

~409
43

200
291

391
741
430
499
370
160

31

164
516
301
211
530
266

419
329
900
291
221

I000
550

1 I01
655
667
66?
235
100
669
454

1499
13 29

499
160
3 3

640
761

542
675

(F,
g: 2;: zip:

J“ an’‘'‘ mol'''

0
0
0

0

94
70
70

1101
1070
419
21.1
149

1323
1270
1229

499
419
301'
614
550

1101
769
542
614
401
929
665
511
511
409
401

ICQ3
362
121
133

1070
211
149

22!

1528
243

1105

 xvcfl:
Jma!-I

0
0
0

0

143
143
143

0
503

0
— 227

1457 I
973 _ '

3420 1
5353 . -
1221

732 J

3220 J2515
366

1759
59115
4772

9773
4887
921

205
'18

3190

978 I

 

1023

32.24

2557
1636
2352
1467
5523

221
205
205
732

1516

2246

945

3226
4833
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eerbower

'V“i
J mo!“

CGGQ
I43
I43
I43

563

— 227
2467
978

3420
6353

I221
732

3220
1516
356

1759
5985
4712

9773
4337
92]

205

888
978

I023

3224
2046
2557
1536
2352
146'?
S523

221
205
205

732
I 516
366

£246
945

i226
i838

 

TABLE 16

Group Molar Hansen Parameter Calculations for Diaoemne
Alcohol at 25°C

DH

H,C—(flI—Cl-I,—J[.‘—Cl-l,V = 123.3 c1n’mol“
0 CH3

$1’;J3-In cmm 1r‘(xF'1_.rkJ cm:
mol" mol" _E'rU‘l” mold

Group. 2 (Table {3} [Table 13) (Table 1-1)

3[-CH3) 1260 0.0 0.0
(-CH,) 270 0.0 0.9
()c<; --70 0.0 on
(-(:c») 290 593.0 2.9
HIH} ZE 25o.o 2_0-_0

1960 843.8 22.0

8, = l960J'l23.ll B, = 843.flJ0“!l23.8 8,, == (22.{l}i1I'I23.8}"'
'- I53 MPa“’ = 7.4 MP5“ I3-.3 MIPI1“

{Equation 31) (Equation 33) (liquslion 34)

s (5: + s; + saw .- 21.9MPa"'°

Adapted from van Krevelcn, D. W.. Properties of Polymers: Their E.sviman'os
and Correlation with Chemical Structure, 1976.

5 = 5,1, + a,,,, = (sq, + F,,,,);v (36)

3,, = F‘,/V; 5,, = F"/v (37)

f,,, = Bwifi = £9»? = §‘,=.v_,z(sv) (33)

The partial cohesion parameters, indicated here by 3,, and 3,1,, are the contributions made
to B by participafing and nonparticipating functional groups, respectively. They are defined
in terms of the corresponding molar attraction constants. F“, and F”, and the fractional
participating molar attraction constant or fractional cohesion parameter is given by fg. F“,
values were calculated from Smalls’: group ‘F values, while 8V values were obtained from
whole-molecule sources if available, rather than by summing group contributions. For diols

such as ethylene glycol and propylene glycol, the value of ‘F for a single -0}! group was
calculated from 8V for the whole molecule less the 52 ‘F value of the remaining groups. For

strictly nonpo1ar(non-participating) liquids such as heptane, fa, = 0. while for strictly polar
or completely parzicipating liquids such as water, fix, = 1. The values for some other liquids
are included in Table 17, rounded to two significant figures. This topic is referred to again
in Section 19. I .

6.10 COMPARISON OF METHODS

The values reported by different authors of particular group contributions show consid-
erable variation.""‘°"9“ In particular, Iayasri and Yaseen“-97 compared Hildebrand parameter

values calculated by several group contribution methods with those reported on the basis of
experimental data. They also reported (Table 18} preferred values, obtained afier making
linear plots of 3 as functions of inverse molar volume (Sections 6.6 and 9.2).
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Pazficipafing Fractional Parameters

1-illlild £9

Water 1.00

Pmpylene glycol 0.60 1
Dieihylene glycol 0.54
1,4-Bmancdiul 9.51 :
Glyceqol uiacetate 0.50

. Ethylene glycol diacetatc 0.47
I Propylene carbonate 0.46

Melhyl CGIIOSOIVGO 0.45 '
Uca:° solvent LM 0.42
Cel}0salve° 0.39
Carbitoi’ 0.36

E01311 acetate 0.35
Methyl Cellcsoivtfi’ acetate 0.35
Polflcliuylene glycal} 400 0.33
Ccllusolvefi’ acetate 0.32
Ce1:bitol° acetate 11.29

Buy] caxbitaw 0.29
Penzyl acetate 0.214

I Eaop-ropyi rnyrixtaze 0.] I
Heptanu: 0.00

Adapded {rem Ostrenga, J. A. and Steinmetz, (2.,
J. Pkarm. Sci. 59, 414. 19?0.

TABLE 18

Hildebrand Parameter Values at 25°C Suggested by Jayasri and Yaseen“-” After
Corrdaflon With Inverse Molar Vofume Dependence.

 
',' 8-’N1'P11“"
-- V cm’ hynsri &

'5 Liquid moi“ YSISEEII Boy Burrell HansenI

'. Alcohols I
I Methanol 40.4 30.7 29.7 29.7 29.2 ‘

Ezhanol 53.4 26.5 26.] 26.0 26.4
1—Pr0pan0l 7-1.? 24.7 24.9 24.3 24.5 1
1—1aa1am1 91.7 23.5 23.2 23.3 23.1
1—Pen1:mo1, amyl alcohol 103.2 22.4 22.3 22.3 21.7
l—Ir{exa.nol 124.3 22.1 22.0 21.9 21.9
I-Heptarml 141.9 21.5 21.5 21.1 21.1
1-ocumol 152.9 21.1 21.1 21.1 19.8

1 l 1-1~Iommu1 174.3 20.7 211-? -A — .
‘ l—Deca:ml 190.9 20.7 20.5 - —

2—Ptopanol, isupmpnnol 60.1 23.7 23.4 23.5 23.5
I Isohutanoi, 2-methyl-1-pmpano1 74.1 23.0 23.0 — 22.8

1 2-Butaml, m Buz.-mo: 74.1 22.3 22.7 22.1 22.22-Eztaylbmanos 102.2 21.7 21.2 22.5 21.2 1
2—Et2.1y]hexan1)} 130.2 20.7 20.3 . - 20.2

| Ally] alcohol, 2-p1'op-en-1-1:1] 58.2 25.5 25.7 — 24.9
Aliphatic Hydrocarbons

Methane 38.7 9.5 -- 9.6
Ethane 53.45 11.6 — 11.6
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TABLE 18 {continued}

Hildebrand Parameter Values at 25°C Suggested by Jayasri and Yaseen“-"’ After
C01-relation With Inverse Molar Volume Dependence.

 5111-1Pa"‘

Van’ Jayasri &

Liquid Incl” Yaseen Hay Burreil Hansen

1 Propane 75.3 13.2 11.8 12.7
Butane 96.9 14.1 13.5 -- 13.5

i Pcntane 115.3 14.5 14.4 14.3 14.4
1-Icxanc 130.5 14.8 14.8 '—v 14.11

_| Heptanc 146.5 15.1 15.3 15.1 15.2
| Octane 162.3 15.3 15.4 15.6 15.4

Nonane 178.8 15.5 15.6 — 15.6
Decanc 194.9 15.6 15.8 —— 15.8

I Cyclopemane 93.4 16.3 16.6 — 15.3
| Cyciohex.-me 103.0 16.3 16.8 16.3 16.7

I Aromatic Hydrocarbons

| Benzene 38.9 18.7 18.7 18.3 13.7
| Toluene, metinyibenzcne 106.3 18.3 13.3 18.2 18.2

0-Xylene, 1.2-dimel11y11Jcnz.cI'1.c 120.6 18.1 13.5 18.4 13.4
| m-Xylene, 1,3—tiimet1'1y1bcn2zne 122.9 18.3 13.2 18.0 18.0

p-Xyiene, 1,4-d1’mc‘E11y11)enzem'. 123.3 18.0 13.1 17.9 17.9
Exlzylbcnzene 1.22.5 13.0 13.1 18.0 18 .0

mar Pmpylberizcne 129.4 17.6 -— 17.7 17.7
Isopropflbetlzcnc 139.5 17.9 17.6 17.4 1.7.4

. snyrene, ethenylbenaenc 114.3 13.3 19.1 19.0 19.0

Esters

Hansen Methyl farmate 62.1 20.1 20.3 20.9 20.6
Ethyl formal: 80.2 13.9 19.0 19.2 29.5
Pmpyl formate 97.3 18.3 - —- 18.8 19.6
18(}1J1.l‘1.}‘1 fannate 116.7 17.3 -—- -- 17.6

293 I30amy11‘o1-mate 133.4 17.1 . - - . 17.3
26.4 Methyl acetate 79.9 19.1. 19.4 19.6 19.4
34“; ' Ethyl acetate 97.8 18.1 18.2 18.6 13.6
234 Prop}! 11.061816 115.1 17.6 13.0 13.0 17.9
21;; Butyl acelale 131.7 17.4 17.8 17.4 17.3
2; _9 Isopropyl acetate 116.5 17.1 17.6 17.2 17.3
2}_] Isobutyl acetate 133.3 16.9 17.2 17.0 17.2
19.3 Isoamyl acezaks 143.1 16.9 — 17.0

. Methyl propionate 96.3 13.3 18.‘? — 18.5
-. Ethyl propionatc 114.0 17.6 17-9 — 17.9

235 Pxopyi pmpionatc 131.6 17.3 -— 17.4 16.9
223 Isobmyl prcpiomite 145.? 16.5 — 16.5
gm 1soamy1 pmpionate 165.3 16.7 — 16.7
21.2 Methyl bntyzate 123.7 17.3 — 13.2 13.2
51,2 E11131} bznymc 132.2 17.2 17.0 17.4 17.4
14.9 Pmpyl butyrate 148.1 17.1 17.2 16.9

Methyl isohntyrate 114.6 17.1 - 17.4
Ethyl isobmymte 133.6 16.7 — —‘ 16.8
Pzopyl isobutyrate 147.3 16.7 . . 16.3

9.6
1.6
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TABLE 18 (continued)

Hildebrand Parameter Values at 25°C Suggested by Jayasri and Yaseenm” After
Correlation With Inverse Molar Volume Dependence.

Liquid

Acetone, 2-pmpanone
Methyl ethyl ltetonc, 2-butanom:
Diethyl kelone. 3-pcntanone
Methyl pnrpyl ketonc, 2—pentsnune
Mcthyl butyl ketone, 2.-hnxanoaze
Methyl isohutyl ketone
Methyl amyl ketom:
Ethyl hulyl kctone
Dipmpyl lcetone
Methyl hexyl kctone
Cyclopentzmom:
Cydohexalzorle
Aoczophenone
Iaopbomne

Methyl isopmpyl other
Diethyl cthcr
Ethyl prcpyl ether
1-Ethyl bulyl ether
Diisopmpyl other
Dibutyl elite:

Methyl Casbitol
Carbilal

Butyi Carbitol
Diedxyl Carbitol
Dibutyl Carbitol

Methyl Callosolve
Bntyl Cellesulve
Diethyl Cellosolw:
Diburyl Ccllosolvc

Chloromothana, mctllyl chloride
Chlnrnethsne. ethyl chloride
1-Chloropropanc, pl0py1 chloride
1-Cihlorohutua-., but}-1 chloride
Z-Chlaxopmpane. isopmpyl chloride
2—Ch1o1'u1Jutanc, sec-butyi chloride

2-Ethy1hcxy1ch1uc:'1de
Chlomhenzene
B:-omobenzenc
o-Dichlombenzene
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__ fiHMP:i‘*’

V cm’ Jayasri 8:
Incl" Ynseen Hoy Burrcll Hansen

Ketones

73.3 19.8 19.7 20.5 20.0
39.6 18.9 19.3 —- 19.0

105.6 13.4 [$.13 18.1
106.1 13.3 17.8 18.3
120.7 18.3 —v — 17.6
124.9 18.1 — 17.2 17.5
133.9 17.7 — 17.4 18.1
139.5 17.3 — 18.5
139.7 17.6 " ' 18.1
196.7 17.7 17.2 17.4
83.7 20.6 21.5 21.3 21.6

108.6 20.8 21.3 20.3 20.2
117.1 21.5 21.6 — 19.11
150.5 19.2 19.2 18.6 19.9

Ethers

100.9 15.7 - - 15.4
103.9 15.2 15.4 15.6
1314 15.7 - 15.9
136.6 15.9 15.7 — 16.5
142.1 14.9 14.4 14.4
170.2 16.3 15.9 15.9

Carbltolsm

113.2 21.7 22.3 - 21.9
136.2 21.] 21.1 19.6 22.5
170.5 19.4 20.0 13.2 111.3
132.0 17.1 17.1 18.4
243.0 16.3 17.0 — 17.7

Ce1Iosu1ves°

79.1 23.3 23.9 22.1 24.7
131.6 19.6 Z12 18.2 21.0
133.7 13.7 17.1 — 20.4
209.0 16.4 16.8 17.1

Halogen Compounds

57.5 16.4
73.6 16.6 — -
88.3 16.9 17.2 17.4 17.4

104.7 16.9 17.1 —- 17.3
90.0 16.4 16.5 — 16.5

106.1 16.6 16.6 16.6 16.6
169.1 16.9 16.6 — 17.2
101.7 19.8 19.3 19.4 19.6
104.7 20.6 20.2 —- 20.0
112.7 21.1 20.5 20.5 20.4

 

 



"flJ'fl.‘.;’!£1’.5‘

EEl1“""’ After

15.4

15.9

14.4
15.9

21.9
22.5|..n

18.4
l7.7

17.4
17.3
16.5

I12
19.6
20.0
20.4

 

189

TABLE 18 (eonlinued)

Hildebrand Parameter Values at 25°C Suggested by Jayssri and Yaseen“’-'7 After
Correlation With Inverse Molar Volume Dependence.

8J"M.Ps"*
..____—_._____..j____.._

V urn’ Jayasri 8:

Liquid mo!“ Yuseen Hey Burn-1| Eamon

Te£i'achloroIne£1;a.t2e, carbon tetrachloride 96.5 13.5 17.5 17.6 17.7
Tiichlorometlianc, chloroform 79.?‘ 18.6 18.7 19.0 18.8
1,2-Dichioroelhun-c. ethylene dichloride 79.0 19.2 20.2 20.1 19.0
Trichlomezhylene 90.3 18.9 18.7 19.0 19.0
1,3-Dicliloropropaue, propylene dichloride 97.5 18.8 18.5 19.3 19.3
I,l—Dichlorned1sne 84.3 19.0 18.3 20.0

Amines

Propylamiue, propanamine 82.2 18.0 18.1 18.4
Butylamine. butanamiue 98.8 17.6 17.7 —
Diezhylsrnim-. 202.9 17.0 16.5 - 16.3
Hexylamiue, hcxanamiue 132.7 17.3 17.3 - - —
Dipmpylamine 137.0 16.2 16.3 — 15.9
Dibutylamine 168.5 16.4 16.7 — 16.7

Anfliues

Aniline 91.1 21.3 21.9 22.6
Methyl aniline 108.7 28.3 20.1 -- - 21.4
Ethyl aniline 126.8 20.0 21.5 —
Dimeflzyi aniline 126.8 18.2 18.2 —- 19.5
Bury! aniline 161.4 19.? 20.4 -

Nit:-lies

Acetonitrile 52.4 24.5 26.0 24.3 24.0
Propionitrile 70.3 21.9 22.0 22.] 21.5
Butyronitrile 86.3 20.9 20.3 21.5 20.4
Capmniuile, hexanenilrile 120.1 19.? — 19.2 18.5

No: unexpectedly, comparison of calculated results with experiment for both liquids and
poiymers (Section 14.8) suggests that more recent sets of group contribution constants are
preferable to Smal1’s original values. However, despite the differences between the values

empirical observation. It is essential to be alert for any characteristics of a particular material
or combination of materials that are not accounted for in the rather simple models which
form the bases of the calculations.

The various cohesion parameter methods described in Chapters 5, 7, and 8 require
specific data for each compound, but group methods can predict activity coefficients and
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other properties in systems containing previously unstudied compounds. Aithough the cohe-
sion parameter group methods described in this chapter may be used for this purpose. the

most popular approach is the UNIFAC (UNIQUAC functional group activity) functional
group method” based on the UNIQUAC (universal quasi chemical) equation. “*3 Some com-

are referred to in Section 7.8.
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