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Abstract—Using the technique of artificial intelligence, the general method to improve the accuracy of
Group Contribution Methods was proposed. The Joback GCM was chosen and the back propagation neural
networks were trained 30000 to 40000 times with the experimental data of more than 400 pure substances.
The estimations of the critical properties, the normal boiling and the freezing temperatures, heats of formation,
Gibbs free energies of formation, and ideal gas state heat capacities using trained weight matrices were
rauch better than those from the conventional GCM developed on the basis of an assumed mathematical
model.
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Fig. 1. Absolute errors in critical pressure estimation.
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Fig. 2. Absolute errors in critical temperature estimation.
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Table 1. Functional groups used in the Joback GCM

No. Group  No.Group No. Group
Nonring Halogen Nitrogen
1 -CH3 16 -F 30 -NH2
2 >CH2 17 -Cl 31 >NH(nonring)
3 >CH- 18 -Br 32 >NH(ring)
4 >C< 19 -1 33 >N-(nonring)
5 =CH2 Oxygen 34 -N=(nonring)
6 =CH- 20 -OH(alcoh.) 35 -N=(ring)
7 =C< 21 -OH(phenol) 36 -CN
8 =C= 22 -O-(nonring) 37 -NO2
9 ~CH 23 -O-(ring) surfur
10 ~C- 24 >C=0(nonring) 38 -SH
Ring 25 >C=0(ring) 39 -S-(nonring)
11 -CH2- 26 O=CH-(aldehyde) 40 -S-(ring)
12 >CH- 27 -COOH(acid)
13 >C< 28 -COO-(ester)
14 =C- 29 =0(except above)
15 =C<

note:~ denotes triple bond.
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Table 2. Example of inputs to input layer
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Table 3. The structure of arfificial neural network mod- Table 4. Comparison of accuracies in the estimation of
els physical and thermodynamic properties of pure
Number of nodes T. P. V. T, T; AH/AG/ C* substances
Input layer 43 43 43 43 43 43 43 43 Joback method BPN model
Hidden layer 1 20 12 14 14 19 23 25 35 AAE AAPE AAE AAPE
Hidden layer 2 6 0 0 0 O 18 12 23 P.(bar) 2.41 413 0.72 2.18
Output layer 11 1 1 1 1 1 1 T.(K; est.T,) 21.26 4.08 5.50 0.99
Number of data 465 425 279 467 343 337 287 351 T.(K; exp.T,) 591 1.01
used for training V.(ecm?/mole) 9.85 6.16 4,62 1.56
To(K) 14.37 2.99 392 1.05
TAK) 22.07 11.07 0.88 045
7129 GCMI A E 2t BA X9} 1Fo] zte Alx He (KJ/mole) 10.48 16.78 2.03 5.29
FA o] N OB V| RAL uiEto e A9 So) G#(KJ/mole) 791 1439 150 621
WANSRAAL e des) 4R dwg o) 0RO Al B e
Sl A6 o) 2 olel EalEo] slal Aalel ol (3 14 431 2 4.
T 2w 5 Aok 2R A 249 A C,*(500 K) 1327 642 824 473

£ FEAvle Ao AR E AR YA C,*(800 K) 4807 1770 1289 566
T2 Yo A AAHRTE A HHA AAE: Average Absolute Error

el E e Afole o)AFE Y 2H L e AAPE: Average Absolute Percent Error

W, a3 FEygAed osiw o] of F7139 C,*: constant pressure heat cappacity at ideal gas state,
Hel 2o Ay Al oz g F o] X Ao J/mol K
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Ay 22k AG4E S AA L 53t 7 Al g3 A7l A=l A g dle] B o] A% Table 3¢l
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s AR FFEAH g AE o) 43ksth A ELATNE e 2o Al E3le] o
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o] A& 7 & &b FA 05 1 Alol 9] e & o714 Qe 4 BA A9 A3t (normalized) &3
Yale s o) 2n gl JdgeRe B X(Z, Tc, P, Ve 5) & vhebui o, Fo, F1 9 F2& z+7t
E g oAl Aoz Haghel 247 03F 1o 283, AWA F02 2 294 F74E9] 7t nodedl A
HTHEE sz, YA ol 5 Alo]d X EIEE g5l A2 el I Joback Tables) 7+ =4
s 2E3R g ol &3tk 28 A Azl 719) Agrolw, Wa, Wy 2! W52 7} nodezte] o34

249 gEe oA £33 A d4e A pEE e,
7 E4AS ATHEZ ol Utk o PHANE

ol 2xe] FFshy EAAC1RG E A= U 2-4. Aot W HE
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AR Fepold FE3 B dAE ol &3tdr] GF ot 7 B o & Aol AR et exE v
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Fig. 3. Absolute errors in critical volume estimation.
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Fig. 5. Absolute errors in freezing temperature estimation.
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Fig. 6. Absolute errors in the estimation of standard en-
thalpy of formation for ideal gas at 298.2 K.
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Fig. 7. Absolute errors in the estimation of standard Gibbs
free energy of formation for ideal gas at 298.2 K

and 1atm.
120
£ 100
L
°
g
8
= Oﬂ Joback GCM
<
2l
5 6
5) 50 —
<
s
X 40
¥
a.
O
<
— 204
0
100 200 300 400 500 600
‘BPN Model
20
0
100 200 300 400 500 600
R.P.P.'s No.

Fig. 8. Absolute errors in the estimation of isobaric heat
capacity of ideal gas at 298.2 K.
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Table 5. Estimation of freezing temperatures of isomers

Experimental Jol.)ack method I'SPN model
data(K) Estima- AAE Estima- AAE
tion(K) (K) tion(K) (K)
1,2-dimethylcyclo-
pentane(C;Hy,)
cis- 2193 17438 445 219.7 04
trans- 1556 174.8 19.2 155.3 0.3
terphenyi(CisH4)
ortho 3300 3839 539 3298 0.2
meta 360.0 3839 239 3598 0.2
para 4850 3839 101.1 3679 117.2

AAE: Absolute Average Error
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EA4AE ““3"1_1' T Ao o] Byt A4
2 AR 43 egrc)ng s
4 e ilﬂL Frvh A4A A S gk B
2R dlo]E] wo]AE &43led A4t

£ B9 o}, o] 844 DIPPR¢) Y Dortmund Data
Bank 59 5t dlo]E] wo|Asl AAY AL A
33 A5 GCME ML dd 5= 9l H o g qaEc)

oh5o] W s WA 7w HYsde 2= o
WAl dwe| 5L HyEe] Qx| Wl g A4
s 2ake olejdt o A4 4 e g Fd 3
wolw, GCM} Zo] c}o] A5 ZAAslojo} &
7Sl wilS- A whdle)zty A

# A

e AT7E A9l F4 AR edTe 2 ¥
A9 el ASAERATAE o =G,

ALEZ|E
3 :isobaric heat capacity of the ideal gas

Fo  :transfer function in the output layer

F1  :transfer function in the 1st hidden layer

F2  :transfer function in the 2nd hidden layer

I :number of ith functional groups in a mole-
cule

P. : critical pressure

Q : arbitrary physical property

T, :normal boiling temperature

T. : critical temperature

T, : freezing temperature

\A : critical volume

w : weight matrix between layers

X :input of transfer function

Y :output of transfer function

AHy :standard enthalpy of formation for the ideal
gas at 2082 K

AGy :standard Gibbs free energy of formation for

the ideal gas at 298.2K and 1atm

azgola A}

A :difference or characteristic value of a functional
group

z : summation

AHx}

o  :properties at standard state

*  :properties at ideal gas state

St A}

b :properties at boiling point

c : properties at critical point

f : formation or properties at freezing point

i : summation index

) : summation index

k : summation index

p . constant pressure
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