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1. Molecular theory of corresponding state
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m Y. m Y. m Vs
0.786369 0.1 0.837439 1.4 3.39181 6
0.750416 0.2 0.878214 1.6 4.611564 7
0.735092 0.3 0.924003 1.8 6.192379 8
0.729224 0.4 0.974781 2 8.199012 9
0.729001 0.5 1.124106 2.5 10.69662 10
0.732663 0.6 1.307578 3 13.74833 11
0.739248 0.7 1.528994 3.5 17.4126 12
0.748194 0.8 1.793052 4 21.74111 13
0.759134 0.9 2.105143 4.5 26.77667 14
0.771824 1 2.47124 5 32.55193 15
0.801845 1.2 2.897825 5.5 39.08812 16
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8.3144621 J K mol” 84.78402x10°  m’ kg/em® K™ mol™!
5.189x10" eV K mol 8.3144621x10% L bar K™ mol™
0.08205746 L atm K" mol™ 62.36367 L mmHg K" mol”
1.9858775 cal K-1 mol™ 62.36367 L Torr K™ mol™
8.3144621x10’ erg K™ mol™ 6.13244 ft Ibe K! g-mol™
8.3144621 L kPa K" mol™ 1,545.35 ft Ib¢°R™" Ib-mol™
8.3144621 m® Pa K mol™ 10.73159 ft* psi °R™" Ib-mol ™
8.3144621 cm® MPa K! mol™! 0.730241 ft* atm °R™' Ib-mol™
8.3144621x107 m® bar K™ mol™! 1.31443 ft* atm K™ Ib-mol™
8.205746x107 m’ atm K™ mol”! 998.9701 ft* mmHg K™ Ib-mol™!
82.05746 cm’® atm K' mol™ 1.986 Btu Ib-mol™ °R"!
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31 Sadrls slon sy (R ) W3S b pslie Y-l

g mol 1b mol g mol 1b mol

Kelvin Kelvin Rankine Rankine
Btu 0.007881 3.57458 0.004378 1.98588
cal 1.98588 900.779 1.10327 500.433
Chu 0.004378 1.98588 0.002432 1.10327
erg 8.31E+07 3.77E+10 4.62E+07 2.10E+10
ft.lbg 6.13244 2781.63 3.40691 1545.35
hp.h 3.10E-06 0.001405 1.72E-06 0.00078
J 8.31447 3771.38 4.61915 2095.21
kcal 0.001986 0.900779 0.001103 0.500433
kgrm 0.84784 384.574 0.471022 213.652
kJ 0.008314 3.77138 0.004619 2.09521
kW.h 2.31E-06 0.001048 1.28E-06 0.000582
N.m 8.31447 3771.38 4.61915 2095.21

sbes slacst Y-l

ol glacab Y=l Jpuer

Acceleration of gravity, g

ms” 9.80665

Atomic Mass Unit, amu

kg 1.66054%107%

Avogadro's constant, N

mol” 6.02214*10%

Boltzmann's constant, k

JK! 1.38066*10%
erg K 1.38066*107'
eVK! 8.61739*10°

Electron charge, e

C 1.60218*10"

Permittivity of vacuum, gy

C*N'm? 8.85419*107"7

Planck's constant, &

Js 6.62608*%107*




Madly ods ol e Vol

Jsb V-v¥—d
1 ft = 0.4048 m = 12 in = mile/5280 = nautical mile/6076 = km/3281
1 m=3281 ft = 39.37 in = 100 cm = 1000 mm = 10° micron = 10" A’ =
km/1000

s Y-Y—df
1 Ibm = 0.45359 kg =short ton/2000 = long ton/2240 = 16 oz (av.) =14.58 oz
(troy) = metric ton (tone)/2204.63 = 7000 grains = slug/32.2
1 kg =2.2046 Ibm = 1000 g = (metric ton or tone or Mg)/1000

B Y-y—4
1Ibf = 4.4482 N = 32.2 Ibm.ft/s*= 32.2 poundal = 0.4536 kgf
IN = kg.n/s* = 10° dyne = kgf/9.81 = 0.2248 Ibf
e §—y—l

1t = 0.02831 m’= 28.31 liter = 7.48 US gallons =6.23 Imperical gallons
= acre-ft/43560
1 Us gallon = 231 in’ = barrel (petroleum)/42 = barrel (beer, USA)/31
= 4 US quarts = 8 US pints = 3.785 liter = 0.003785 m’
1 m’ = 1000 liter =35.29 ft’

&5 0-Y—al
1 BTU = 1055 J = 1.055 kw.s = 2.93*10"* kwh = 252 cal = 778.17 ft Ibf
=3.93*10"hp . h

1. Nevers, N. de, "Physical and Chemical Equilibrium for Chemical Engineers", John Wiley, 2002.
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1J=1N.m=1W.s=1 volt.coulomb = 9.48*10* BTU = 0.239 cal = 10 erg
= 6.24*10"® electron volt

Ol g Y=l
1 hp = 550 ft.Ibf/s = 33000 ft.Ibf/min= 2545 BTU/hr = 0.746 kw
1 W =J/s =N.n/s = volt.ampere = 0.239 cal/s = 9.48*10" BTU/s = 1.34*10° hp

HLed v-y—Ldl
1 atm = 101.3kPa = 1.013 bar = 14.696 Ibf/in® = 33.89 ft of water = 29.92
inches of mercury = 1.033 kgf/cm® = 10.33 m of water = 760 mm of mercury
=760 torr
1 psi = atm/14.696 = 6.89 kPa = 27.7 in H,O = 51.7 torr
1 Pa = N/m’=kg/m s*= 107 bar = 1.450%10* Ibf/in* = 0.0075 torr = 0.0040
in H,O

433§y 9 A=Y=
lep =0.01 poise = 0.01 g/cm.s = 0.001 kg/m.s = 0.001 Pa.s
= 6.72*10" IbnV/ft.s = 2.42 Ibnv/ft.hr = 2.09*10 Ibf.s/ft’
=0.01 dyne.s/cm’

5 o 433 ) 5 5 A=Y A
lep = 0.01 stoke = 0.01 cm®/s = 10° m%/s = lcp/(g.cm’)
=1.08*10" ft*/s = cp/(62.4 Ibm/ft’)
Los VoY=l
K="C+273.15=0R/1.8~°C +273.15: °C=("F-32)/1.8
'R="F+459.67~F + 460~ 1.8 K: F=1.8°C+32
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Molar mass TJ/K Pcobar Zc Vc/cm3 mol™ T/K
Methane 16.043 0.012 190.6 4599 0.286 98.6 111.4
Ethane 30.07 0.1 305.3 48.72 0.279 1455 184.6
Propane 44.097 0.152 369.8 4248 0.276 200 231.1
n-Butane 58.123 0.2 425.1 37.96 0.274 255 272.7
n-Pentane 72.15 0.252 469.7 337 027 313 309.2
n-Hexane 86.177 0.301 507.6  30.25 0.266 371 341.9
n-Heptane 100.204 0.35 5402 274  0.261 428 371.6
n-Octane 114.231 0.4 568.7 249  0.256 486 398.8
n-Nonane 128.258 0.444 594.6 229 0.252 544 424
n-Decane 142.285 0.492 617.7  21.1 0.247 600 4473
Isobutane 58.123 0.181 408.1 36.48 0.282 262.7 261.4
Isooctane 114.231 0.302 544 25.68 0.266 468 372.4
Cyclopentane 70.134 0.196 511.8 45.02 0.273 258 3224
Cyclohexane 84.161 0.21 553.6  40.73 0.273 308 353.9
Methylcyclopentane 84.161 0.23 532.8 37.85 0272 319 345
Methylcyclohexane 98.188 0.235 5722 3471 0.269 368 374.1

1. Smith, J. M., H. C., Van Ness, and M. M., Abbott, Chemical Engineering Thermodynamics, Sixth
Edition., McGraw Hill. 2001. pp. 654-655
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Molar mass @ TJ/K Pc/bar Zc V/em® mol™ T,/K
Ethylene 28.054 0.087 282.3 504  0.281 131 169.4
Propylene 42.081 0.14 365.6  46.65 0.289 188.4 225.5
1-Butene 56.108 0.191 420 40.43 0.277 239.3 266.9
cis-2-Butene 56.108 0.205 4356 4243 0.273 233.8 276.9
trans- 2- Butene 56.108 0.218 428.6 41 0.275 237.7 274
1-Hexene 84.161 0.28 504 314 0265 354 336.3
Isobutylene 56.108 0.194 4179 40 0.275 2389 266.3
1,3- Butadiene 54.092 0.19 4252 42,77 0.267 2204 268.7
Cyclohexene 82.145 0.212 560.4 435 0272 291 356.1
Acetylene 26.038 0.187 308.3 61.39 0271 113 189.4
Benzene 78.114 0.21 5622 4898 0.271 259 353.2
Toluene 92.141 0.262 591.8  41.06 0.264 316 383.8
Ethy lbenzene 106.167 0.303 617.2  36.06 0263 374 409.4
Curnene 120.194 0.326 631.1 32.09 0.261 427 425.6
a-Xylene 106.167 0.31 630.3 37.34 0.263 369 417.6
m-Xylene 106.167 0.326 617.1 3536 0259 376 412.3
p-Xylene 106.167 0.322 616.2  35.11 0.26 379 411.5
Styrene 104.152 0.297 636 384 0256 352 418.3
Naphthalene 128.174 0.302 748.4  40.51 0269 413 -
Biphenyl 154.211 0.365 789.3 38.5 0295 502 528.2
Formaldehyde 30.026 0.282 408 659 0223 115 254.1
Acetaldehyde 44.053 0.291 466 555 0221 154 294
Methy I acetate 74.079 0.331 506.6  47.5 0257 228 330.1
Ethyl acetate 88.106 0.366 523.3 38.8 0.255 286 350.2
Acetone 58.08 0.307 508.2  47.01 0.233 209 329.4
Methyl ethyl ketone 72.107 0.323 535.5 415 0249 267 352.8
Diethy 1 ether 74.123 0.281 466.7 364 0.263 280 307.6
Methyl t-butyl ether 88.15 0.266 497.1 343 0273 329 328.4
Methanol 32.042 0.564 512.6 80.97 0.224 118 337.9
Ethanol 46.069 0.645 5139 6148 0.24 167 351.4
'I-Propanol 60.096 0.622 536.8 51.75 0.254 219 370.4
'I-Butanol 74.123 0.594 563.1 4423 0.26 275 390.8
1-Hexanol 102.177 0.579 611,4 351 0263 381 430.6
2-Propanol 60.096 0.668 508.3 47.62 0.248 220 355.4
Phenol 94.113 0.444 694.3 61.3 0243 229 455
Ethylene glycol 62.068 0.487 719.7 77 0.246 191 470.5

Acetic acid 60.053 0.467 592 57.86 0.211 179.7 391.1
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Molar mass TdJ/K Pc/bar Zc V/em® mol™ T,/K
n-Butyric acid 88.106 0.681 615.7 40.64 0.232 291.7 436.4
Benzoic acid 122.123 0.603 751 44.7 0.246 344 522.4
Acetonitrile 41.053 0.338 545.5 48.3 0.184 173 354.8
Methy larnine 31.057 0.281 430.1 74.6 0.321 154 266.8
Ethylamine 45.084 0.285 456.2 56.2 0.307 207 289.7
Nitromethane 61.04 0.348 588.2 63.1 0.223 173 374.4
Carbon tetrachloride 153.822 0.193 556.4 45.6 0.272 276 349.8
Chloroform 119.377 0.222 536.4 5472 0.293 239 334.3
Dichloromethane 84.932 0.199 510 60.8 0.265 185 312.9
Methyl chloride  50.488 0.153 416.3 66.8 0.276 143 249.1
Ethyl chloride 64.514 0.19 460.4 52.7 0.275 200 285.4
Chlorobenzene 112.558 0.25 632.4 452 0.265 308 404.9
Tetrafluoroethane 102.03 0.327 374.2 40.6 0.258 198 247.1
Argon 39.948 0 150.9 4898 0.291 74.6 87.3
Krypton 83.8 0 209.4 55.02 0.288 91.2 119.8
Xenon 131.3 0 289.7 58.4 0.286 118 165
Helium 4 4.003 -0.39 5.2 2.28 0.302 57.3 4.2
Hydrogen 2.016 -0.216  33.19 13.13 0305 o64.1 20.4
Oxygen 31.999 0.022 154.6 50.43 0.288 734 90.2
Nitrogen 28.014 0.038 126.2 34 0.289 89.2 77.3
Air 28.851 0.035 132.2 3745 0.289 84.8 -
Chlorine 70.905 0.069 417.2 77.1 0.265 124 239.1
Carbon monoxide 28.01 0.048 132.9 3499 0299 934 81.7
Carbon dioxide  44.01 0.224 304.2 73.83 0274 94 -
Carbon disulfide 76.143 0.111 552 79 0.275 160 319.4
Hydrogen sulfide 34.082 0.094 373.5 89.63 0.284 98.5 212.8
Sulfur dioxide 64.065 0.245 430.8 78.84 0.269 122 263.1
Sulfur trioxide 80.064 0.424 490.9 82.1 0.255 127 317.9
Nitric oxide (NO) 30.006 0.583 180.2 64.8 0.251 58 121.4
Nitrous oxide (N,O) 44.013 0.141 309.6 7245 0274 974 184.7
Hydrogen chloride 36.461 0.132 324.7 83.1 0.249 81 188.2
Hydrogen cyanide 27.026 0.41 456.7 539  0.197 139 298.9
Water 18.015 0.345 647.1 220.55 0.229 559 373.2
Ammonia 17.031 0.253 405.7 112.8 0242 725 239.7
Nitric acid 63.013 0.714 520 68.9 0.231 145 356.2
Sulfuric acid 98.08 - 924 64 0.147 177. 610
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Acetone C3HeO 14.3145 2756.22  228.06 26 77 29.1 56.2
Acetic acid C,H,0, 15.0717 3580.8  224.65 24 142 23.7 117.9
Acetonitrile CH;N 14.895 3413.1 250523 27 81 30.19 81.6
Benzene CeHs  13.7819 2726.81 217572 6 104 30.72 80
iso-Butane CiHyo 13.8254 2181.79 248.87 83 7 213 -11.9
n-Butane C4Hyo 13.6608 21547 238789  -73 19 22.44 0.5
1-Butanol C4H, 00O 153144 321243 182739 37 138 43.29 117.6
2-Butanol C4H;00 15.1989 3026.03  186.5 25 120 40.75 99.5

1. Smith, J. M., H. C., Van Ness, and M. M., Abbott, Chemical Engineering Thermodynamics, Sixth
Edition., McGraw Hill. 2001. pp. 654-655.
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iso-Butanol CiH00 14.6047 274095 166.67 30 128 41.82 107.8
tert-Butanol CiH00 14.8445 265829 177.65 10 101 39.07 82.3
Carbon
tetrachloride ~ CCu  14.0572 291423 232.148  -14 101 29.82 76.6
Chlorobenzene  C¢HsCl 13.8635 3174.78 211.7 29 159 35.19 131.7
1-Chlorobutane  C4HyCl 13.7965 272373 218265  -17 79 30.39 78.5
Chloroform CHC;; 13.7324 254874 218552 23 84 29.24 61.1
Cyclohexane ~ C¢H» 13.6568 272344 220618 9 105 29.97 80.7
Cyclopentane  CsH,p  13.9727 26539  234.51 -35 71 273 492
n-Decane CioHy, 13.9748 3442.76 193.858 65 203 38.75 174.1
Dichloromethane CH,C, 13.9891 2463.93 223.24 38 60 28.06 39.7
Diethyl ether ~ C4H,00 14.0735 251129 2312 43 55 26.52 344
1,4-Dioxane C4H0, 15.0967 3579.78 240337 20 105 34.16 101.3
n-Eicosane CyoHy 14.4575 468046 132.1 208 379 57.49 343.6
Ethanol CHO 16.8958 3795.17 230918 3 96 38.56 782
Ethylbenzene ~ CgH,p 13.9726 3259.93 2123 33 163 35.57 136.2
Ethylene glycol C,HeO, 15.7567 4187.46 178.65 100 222 50.73 197.3
n-Heptane CHis 13.8622 291026 216432 4 123 31.77 98.4
n-Hexane CeHiy  13.8193 2696.04 224317  -19 92 28.85 68.7
Methanol CH,O 165785 363827 239.5 -11 83 3521 64.7
Methyl acetate  C3HqO, 14.2456 2662.78  219.69 23 78 30.32 56.9
Methyl ethyl ketone C4HsO  14.1334 283824  218.69 -8 103 31.3 79.6
Nitromethane ~ CH3NO,14.7513 33317  227.6 56 146 33.99 1012
n-Nonane CoHyy 13.9854 3311.19 202.694 46 178 36.91 150.8
iso-Octane CsHig  13.6703 2896.31 220.767 2 125 30.79 99.2
n-Octane CsHig  13.9346 3123.13  209.635 26 152 34.41 125.6
n-Pentane CsH,, 13.7667 2451.88 232014 45 58 25.79 36
Phenol CHeO 14.4387 3507.8  175.4 80 208 46.18 181.8
1-Propanol C:HgO 16.1154 3483.67 205.807 20 116 41.44 972
2-Propanol CHsO 16.6796 36402  219.61 8 100 39.85 822
Toluene CHg 13932 305696 217.625 13 136 33.18 110.6
Water H,0 163872 38857  230.17 0 200 40.66 100
o-Xylene CsHyp  14.0415 335879 212.041 40 172 36.24 144.4
m-Xylene CsHyp  14.1387 3381.81 216.12 35 166 35.66 139.1
p-Xylene CsHip  14.0579 333145 214627 35 166 35.67 138.3
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ALPO, 9.83*107 Fe(OH), 4.87+107"7 Ni;(PO4),  4.73%107*
BaCO; 2.58*%107 FeS 1.59*10™" NiS 1.07%107
BaCrO, 1.17%10° Fe(OH); 2.64*%107% PdS 2.03*%107*
BaF, 1.84*%107 FePO,2H,0  9.92%107% PA(SCN),  4.38%107%
Ba(OH),.8H,0  2.55*10™ PbBr, 6.60%10° PtS 9.91%107*
Ba(I05), 4.01*10° PbCO; 1.46*107" K,[PtCle] 7.48*%10°°

Ba(103),.H,0 1.67¥10° PbCl, 1.17%10° KCl10, 1.05%107

BaSO, 1.07%10™° PbF, 7.12*%107 AgCH;0,  1.94%107

BiAsO, 4.43%10™"° Pb(OH), 1.42%102° AgzAsOy 1.03*10%
Bi,S3 1.82%10°% Pb(10;), 3.68*%10™7 AgBrO; 5.34*%107

Cd3(AsOy), 2.17%10°% Pbl, 8.49%107 AgBr 5.35%107"
CdCO; 6.18*%10™ PbC,0,4 8.51%10™"° Ag,CO;5 8.45%107"
CdF, 6.44*107 PbSO, 1.82*%10® AgCl 1.77%107°
Cd(OH), 5.27%107"° PbS 9.04%10% Ag,CrO, 1.12%10™
Cd(103), 2.49%10® Pb(SCN), 2.11%10% AgCN 5.97%107"
CdC,04.3H,0 1.42*%10® Li,CO; 8.15%10™ AglO; 3.17*%10®

Cd3(POy), 2.53%107 MgCO; 6.82%10° Agl 8.51%10™"7




OAY & S gm

\ -& J‘,b aalsl

(ufp) ool S
CdS 1 0 1-2() MgCO 3H O ’ 6 - :
. 3 1 \ 2 1 Ag2C204 5.40 10_12
aCO 4.96*10 MgCO35H20 3.79 106 Ag PO, 8.88*10 17
CaF, 1.46 10'10 F 7.42% A 3 AZ()*l(i-
B Mg 2 . 10_11 g SO, 3
Ca(()H)z 68 106 Mg(OH) 0 12 2 . 9 o
. (I 3)2 1 . 2 1 AgZS (a-form) 6.6 10_50
a(Io0 6.47*10 MgC2042H20 4.83 106 Ag S (I; forr 09*10 g
Ca(I 3)2.6H20 7.54 107 P 9 2 - ) 149 1()-
[0) . Mg3( 04)2 .86 10-25 Ag SO !
CaC,0,4.H,O 2.34 10(J MnCO 2.24 1 g2 3 ) 1
O 3 24*10 AgSCN 03*10
Ca;(P()4)2 2.07 10_33 5 41 9 1 .
. o . 3(AS 4)2 29*10 19
C03(ASO4)2 6.79 10-29 F 3 433 1()
. MnC,04.2H,0 1.70 107 Sr -
CO(( )H)z (Pll’].k) 1.09 10-15 MnS 4.6 ! Sr 2() . 4 1()
CO(OH)Z (Blue) 5.92 10_15 Hg Br 6.4 0 23 SI(I( )3)2 H,O 13138 1()-7
2 DI A41*10°
CO(I()3)22H20 1.21 102 Hg CO 17 (I 3)2. 2 . 1 >7
. 2 3.67*10 4
3( )2 1 N 3 1 Sr(IO;)26H20 .65 10-7
Co3(PO4 2.05*10 ngCIZ 1.45 10-18 SrSO. 3.44*10
CuBr 6.27 10-9 4 545 1()-7
. ngFz 3.10*1 0-6 SH(OH
CuCl 1.72 10-7 H 5.33 nS )2 325 ‘1()-27
N gzlz . 10-29 S 28
Cul 1.27 10-12 Hg C,0 7 13 . o
. b} 1. 3
2 | " 204 5*10 Zl’l3(ASO4)2 3.12 10-28
CuSCN 1.77 10-13 Hg (SC \]) 20 3 141 1 -
. o) 3.12 A
3( 4)2 1 » 2 10 ZNnCO;.H,O 5.41 10-11
CU(I( )3)2.H20 6.94 10-8 Hgl 2.8 2 : | l
2 A
. 1 » .82*10 ZH(OH)Z (y-form) 6.86 10_17
uC,04 4.43*10 HgS (black) 6.44 1053 Zl’l(OH I; orm) 7.7 0
CU3(P 4)2 1.3 10-37 HgS ( d) s )2( - )4 - .
. re 2. 3
. O : 9 : . ; 00*10 Zl’l(OH)z (a-form) 12 10_17
o, 1 N ‘ 1’1( 3)2 4.29 106
FeCO 3.07*10 \]I(OH)z 5.47 1016 ZnC,04.2H,0 37*10°
FeF, 2.36 106 N(IO) 4.71%* Zn, o 2 1293*1 9
. 1 N
3)2 71*10 S B 10_25
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1 CH; 0.9011  0.848 Hexane = (2)(1) + (4)(2)
| 2 CH, 0.6744 0.54  2-Methylpropane = (3)(1) + (1)(3)
3 CH 0.4469  0.228 Neopentane = (4)(1)+ (1)(4)
4 C 0.2195 0 224-Trimethylpentane = (5)(1)+ (1)(2) + (1)3)*+ (1)(4)
5 CH,=CH 1.3454  1.176 3-Methyl-1-hexene = (2)(1) + (2)(2) + (DB)+ (1)(5)
6 CH=CH 1.1167  0.867 Hexene-2 = (2)(1) + (2)(2) + (1)(6)
2 7 CHy=C 1.1173  0.988 2-Methyl-1-butene = (2)(1)+ (1)(2) + (1)(7)
8 CH=C 0.8886  0.676 2-Methyl-2-butene = (3)(1) + (1)(8)
70 C=C 0.6605  0.485 2 3-Dimethylbutene = (4)(1) + (1)(70)
3 ACH 0.5313 0.4 Benzene = (6)(9)
10 AC 0.3652 0.12  Styrene = (1)(5) + (5)(9) + (1)(10)
11 ACCH; 1.2663  0.968 Toluene = (5)(9) + (1)(11)
4 12 ACCH, 1.0396 0.66  Ethylbenzene = (1)(1) + (5)(9) + (1)(12)
13 ACCH 0.8121  0.348 Cumene = (2)(1) + (5)(9) + (1)(13)

1. Poling, B. E., J. M. Prausnitz, J. P., The Properties of Gases and Liquids, Fifth Edition., McGraw Hill.
2004. pp. 8.78-8.80.
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5 14 OH 1 1.2 Ethanol = (1)(1) + (1)(2)+ (1)(14)
6 15 CH;0H 1.4311 1.432 Methanol = (1)(15)
7 16 H,O 0.92 1.4 Water (1)(16)
8 17 ACOH 0.8952  0.68 Phenol= (5)(9) + (1)(17)
18 CH;CO 1.6724 1.488 Methylethylketone = (1)(1)+ (1)(2) +(1)(18)
9 Ethylphenylketone = (1)(1) + (1)(19) + (5)(9) +
19 CH,CO 1.4457 1.18 (1)(10)
10 20 CHO 0.998  0.948 Hexanal = (1)(1)+ (4)(2) + (1)(20)
1 21 CH;COO 19031 1.728 Butyl acetate = (1)(1) + (3)(2) + (1)(21)
22 CH,COO 1.6764 1.42 Methyl propionate = (2)(1)+ (1)(22)
12 23 HCOO 1.242  1.188 Ethyl formate = (1)(1) + (1)(2) + (1)(23)
24 CH;0 1.145 1.088 Dimethyl ether = (1)(1) + (1)(24)
13 25 CH,O 0.9183 0.78 Diethyl ether = (2)(1) + (1)(2) + (1)(25)
26 CHO 0.6908 0.468 Diisopropyl ether = (4)(1)+ (1)(3) + (1)(26)
27 THF 09183 1.1 Tetrahydrofuran = (3)(2) + (1)(27)
28 CH;3;NH, 1.5959 1.544 Methylamine = (1)(28)
14 29 CH,NH, 1.3692 1.236 Ethylamine = (1)(1) + (1)(29)
30 CHNH, 1.1417 0.924 Isopropylamine = (2)(1)+ (1)(30)
31 CH;NH 1.4337 1.244 Dimethyl amine = (1)(1)+ (1)(31)
15 32 CH,NH 1.207  0.936 Diethylamine = (2)(1) + (1)(2) + (1)(32)
33 CHNH 0.9795 0.624 Diisopropylamine = (4)(1) + (1)(3) + (1)(33)
16 34 CH;N 1.1865 0.94 Trimethylamine= (2)(1) + (1)(34)
35 CH,N 0.9597 0.632 Triethylamine = (3)(1) + (2)(2)+ (1)(35)
17 36 ACNH, 1.06  0.816 Aniline =(5)(9) + (1)(36)
37 CsHsN 2.9993 2.113 Pyridine = (1)(37)
18 38 CsHuN 2.8332 1.833 2-Methylpyridine = (1)(1) + (1)(38)
39 CsH;N 2.667 1553 2,3-Dimethylpyridine = (2)(1)+ (1)(39)
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I 40 CH:CN 18701 1.724 Acctonitrile = (1)(40)
41 CH,CN 1.6434 1.416 Proprionitrile = (1)(1) + (1)(41)
" 42 COOH 13013 1.224 Acetic Acid (1)(1) (1)(42)
43 HCOOH 1.528  1.532 Formic Acid = (1)(43)
44 CH.Cl 1.4654 1.264 1-Chlorobutane= (1)(1) + (2)(2) + (1)(44)
21 45 CHCI 1.238  0.952 2-Chloropropane = (2)(1) + (1)(45)
46 ccl 10106 0.724 2-Chloro-2-methylpropane = (3)(1) + (1)(46)
47 CH,Cl, 2.2564 1.988 Dichloromethane = (1)(47)
22 48 CHClL, 2.0606 1.684 1,1-Dichloroethane = (1)(1) + (1)(48)
49 CClL 1.8016 1.448 2 2-Dichloropropane = (2)(1) + (1)(49)
2 50 CHCL 2.87 241 Chloroform = (1)(50)
51 CCl 2.6401 2.184 1,1,1-Trichloroethane = (1)(1)+ (1)(51)
24 52 CCly 3.39 291 Tetrachloromethane= (1)(52)
25 53 ACCI 1.1562  0.844 Chlorobenzene= (5)(9) + (1)(53)

54 CH;NO, 2.0086 1.868 Nitromethane = (1)(54)
26 55 CH2NO, 1.7818  1.56 Nitroethane = (1)(1) + (1)(55)
56 CHNO, 1.5544 1.248 2-Nitropropane = (2)(1)+ (1)(56)

27 57 ACNO, 14199 1.104 Nitrobenzene = (5)(9) + (1)(57)
28 58 CS, 2507 1.65 Carbon disulfide = (1)(58)
29 59 CH;SH 1.877  1.676 Methanethiol = (1)(59)
60  CH,SH 1.651 1368 Ethanethiol = (1)(1)+ (1)(60)
30 61 Furfural 3.168  2.484 Furfural = (1)(61)
31 62  DOH 24088 2248 12-Ethanediol = (1)(62)
32 63 1 1264 0.992 Todoethane = (1)(1) + (1)(2) + (1)(63)
33 64 Br 0.9492  0.832 Bromoethane = (1)(1) + (1)(2) + (1)(64)
» 65  CH=C 12929 1.088 1-Hexyne = (1)(1) + (3)(2) + (1)(65)

66  C=C 1.0613  0.784 2-Hexyne = (2)(1) + (2)(2) + (1)(66)
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35 67  DMSO 2.8266 2472 Dimethylsulfoxide = (1)(67)
36 68 Acrylonitrile  2.3144  2.052 Acrylonitrile = (1)(68)
37 69  CI(C=C) 0.791  0.724 Trichloroethylene = (1)(8) + (3)(69)
38 71 ACF 0.6948 0.524 Fluorobenzene = (5)(9)+ (1)(71)
19 72 DMF 3.0856 2.736 N,N-Dimethylformamide = (1)(72)
73 HCON(CH,), 2.6322  2.12 N,N-Diethylformamide = (2)(1) + (1)(73)
74 CF; 1.406  1.38 Perfluoroethane = (2)(74)
40 75 CF, 1.0105 092
Perfluoromethylcyclohexane = (1)(74) + (5)(75)
76 CF 0.615 0.46 +(1)(76)
41 77 COO 138 12 Butylacetate = (2)(1) + (3)2) + (1)(77)
78 SiHs 1.6035 1.263 Methylsilane = (1)(1) + (1)(78)
" 79 SiH, 14443 1.006 Diethylsilane = (2)(1) + (2)(2) + (1)(79)
80 SiH 1.2853  0.749 Trimethylsilane = (3)(1) + (1)(80)
81 Si 1047 041 Tetramethylsilane = (4)(1) + (1)(81)
82 SiH,0 1.4838 1.062
43 83 SiHO 1.303  0.764
84 S0 11044 0.466 Hexamethyldisiloxane = (6)(1)+ (1X81) + (1)84)
44 85 NMP 3.981 3.2 N-Methylpyrrolidone = (1)(85)
86 CCLF 3.0356  2.644 Trichlorofluoromethane = (1)(86)
87 CCLF 2.2287 1.916 Tetrachloro-1,2-difluoroethane = (2)(87)
88 HCCLF 2406  2.116 Dichlorofluoromethane = (1)(88)
45 89 HCCIF 1.6493  1.416 2-Chloro-2-fluoroethane = (1)(1) + (1)(89)
90 CCIF, 1.8174  1.648 2-Chloro-2,2-difluoroethane = (1)(1) + (1)(90)
91 HCCIF, 1.967  1.828 Chlorodifluoromethane = (1)(91)
92 CCIF; 2.1721 2.1  Chlorotrifluoromethane = (1)(92)
93 CCLF, 2.6243  2.376 Dichlorodifluoromethane = (1)(93)
94 CONH, 1.4515 1.248 Acetamide = (1)(1) + (1)(94)
95 CONHCH;  2.1905 1.796 N-Methylacetamide = (1)(1) + (1)(95)
46 96 CONHCH, 1.9637 1.488 N-Ethylacetamide = (2)(1) + (1)(96)
97 CON(CH3),  2.8589  2.428 N,N-Dimethylacetamide = (1)(1) + (1)(97)
98 CONCH;CH, 2.6322  2.12 N, N-Methylethylacetamide = (2)(1) + (1)(98)
99 CON(CH,), 24054 1812 N,N-Diethylacetamide = (3)(1) + (1)(99)
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47 100 C,H;50, 2.1226 1.904 2-Ethoxyethanol = (1)(1)+ (1)(2) + (1)(100)
101 C,H40, 1.8952 1.592 2-Ethoxy-1-propanol = (2)(1) + (1)(2) + (1)(101)
102 CH;S 1.613 1.368 Dimethylsulfide = (1)(1) + (1)(102)
48 103 CH,S 1.3863 1.06 Diethylsulfide = (2)(1) + (1)(2) + (1)(103)
104 CHS 1.1589 0.748 Diisopropylsulfide = (4)(1) + (1)(3) + (1)(104)
49 105 MORPH 3474 2.796 Morpholine = (1)(105)
106 C4H4S 2.8569 2.14 Thiophene = (1)(106)
50 107 C4H;S 2.6908 1.86 2-Methylthiophene = (1)(1) + (1)(107)
108 C4H,S 2.5247 1.58 2,3-Dimethylthiophene = (2)(1) + (1)(108)
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