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Abstract—A computer program which gave a functional group set from a given chemical formular was
developed. This program has the form of a rule-based expert system, using the common LISP. The inference
engine was developed using the forward chaining technique, and the knowledge base was composed of 80
meta rules, 34 select rules and 7 combine rules. The functional groups were chosen following the Joback
group contribution method, and the functional group sets were successfully obtained for the substances of
less than 8 groups.
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Table 1. Various group contribution methods

Physical property
Critical temperature
Critical pressure
Critical volume
Boiling temperature
Freezing temperature
Liquid heat capacity
Ideal gas heat capacity

Developer

Ambrose, Joback

Ambrose, Joback

Ambrose, Joback

Joback

Joback

Chueh-Swanson, Missernard

Joback, Yoneda, Thinh,
Benson

Joback, Yoneda, Thinh,
Benson, Cardozo

Joback, Thinh

Heat of formation

Gibbs free energy of
formation

Entropy

Activity coefficient

Yoneda, Thinh, Benson

Wilson(ASOG), Fredens-
lund (UNIFAC)

Reichenberg

Orrick-Erbar, Grunberg-
Nissan

Roy-Thodos

Gas viscosity
Liquid viscosity

Thermal conductivity
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User Input :
Molecular Formula,

Structural Type
(ring or nonring)

'
t

Knowledge Base :

¥

posed Group Set » Objective Group Set

1. Chemical Structural Feasibility.
2. Legitimacy to Objective Chemical Structure.

Fig. 1. Functional scheme of the expert system.
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Fig. 2. Flow diagram of the inference engine.
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dynamic functions
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Fig. 3. Structure of the expert systems.

Meta Rules

RULE cheml
1f (process step 1)
{(others o 1s unknown)
{($ include oxygen 1)
then {others oxygen 1)
(others_o 1s known)

RULE chem2
1f (process step 1)
(others_o is unknown)
($ include oxygen 2)
then (others oxygen 2}
(others_o 1s known)

RULE chem3
if (process step 1)

(others_o is unknown)

{$ not-match goal form-letters o)
then (others_o is known}

RULE chem3
if (process step 1)
(others_n is unknown)
($ include nitrogen 1)
then (others nitrogen 1)
(others_n is known)

RULE chemd4
if (process step 1)

(others n is unknown)

{$ not-match goal form-letters n)
then (others_n is known)

RULE chemS
{f (process step 1)
(others_s is unknown)
($ include sulfur 1)
then {(others sulfur 1)
{others_s is known)

RULE chemé
if (process step 1)

(others_s is unknown)

($ not-match goal form-letters s)
then (others_s is known)

Fig. 4. Sample rules in the knowledge base.
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Select Rule

RULE selectl

1f {process step 2)
{($ eq_max_h_num_h)
{context bond =}

then {select is done)

RULE select2

if (process step 2)
{select is undone}
($ eq_max h num_h}
{context bond ~Y

then (select is done)

RULE select 3
{f {process step 2)

(select 1s undone)

{($ less 4 goal class)

($ more length context bond 4)
then (select is done)

Combine Rule

RULE combl
tf ($ check_bond_ combline context data

)
then {(combine test done)

RULE comb2
i{f (process step 3)

{$ combine-test-of-step-3}
then (combine test done)

RULE comb3
if {combine test undone)
{context bond -)
{data bond -)
{$ rst_larg_used context data)
($ rst_ larg “used data context)
($ check_ bond_length context data

then ($ combine -)
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initial group set
(((USED (=C<)) (BOND (= - -)) (FORMULA ((C 1)))
(TC 0.0143) (PC 8.0e-3) (VC 32) (TB 31.01) (TF 37.02))
((USED (>C<)) (BOND (- - - -)) (R)RMULA «C 1
(TC 0.0042) (PC 0.0061) ( vczn(rnz 2) (TF 60.15))
((USED (>CH-)) BOND (- - -)) (F RMULA ((C 1) (H 1)))
(TC 0.0122) (PC 4.0e-4) (VC 38) (TB 21.78) (TF 19.87959))
((USED (=CH-)) (BOND (= -)) (FORMULA ((C 1) (H 1)))
(T'C 0.0082) (PC 0.0011) (VC 41) (TB 26.73) (TF 8.13))
((USED (-CH2-)) (BOND (- -)) (FORMULA ((C 1) (H 2)))
(TC 0.01) (PC 0.0025) (VC 48) (TB 27.15) (TF 7.75)))

4

group set collection(2)
(((USED (=CH- =CH-)) (BOND (= =)) (FORMULA ((c 2 (H 2)))
(TC 0.0164) (PC 0.0022) (VC 82) (TB 53.45999) (TF 16
((USED (=CH- -CH2-)) (BOND (- =)) (FORMULA ((C 2) cH 3)))
(TC 0.0182) (PC 0.0036) (VC 89) (TB 53.88) (TF 15.88))
((USED (-CH2- -CH2-)) (BOND (- -)) (FORMULA ((C 2) (H 4)))
(TC 0.02) (PC 0.005) (VC 96) (TB 54.29999) (TF 15.5)))

group set collection(3)

(((USED (-CH2- -CH2--CHZ-)) (BOND (- -)) (FORMULA ((C 3) (H 6)))
(TC 0.03) (PC 0.0075) (VC 144) (TB 81.44999) (TF 23.25))

((USED (=CH- -CH2- -CH2-)) (BOND (- =)) (FORMULA ((C 3) (H 5)))
(TC 0.0282) (PC 0.0061) (VC 137) (TB 81.02999) (TF 23.63))

((USED (=CH- -CH2- =CH-)) (BOND (= =)) (FORMULA ((C 3) (H 4)))
(TC 0.0264) (PC 0.0047) (VC 130) (TB 80.61) (TF 24.01))

((USED (=CH- =CH- =CH-)) (BOND (- =)} (FORMULA ((C 3) (H 3
(TC 0.0246) (PC 0.0033) (VC 123) (TB 80.19) (TF 24.39)))

4
(USED (-CH2- -CH2- -CH2-)) (BOND (- -)) FORMULA ((C 3) (H 6)))
(TC 0.03) (PC 0.0075) (VC 144) (TB 81.44999) (TF 23.25))

Fig. 5. Example of operations in the expert system.

ololc}. 4 F3<(main function)-Z A3} AL
Zhell Al FAH, ring7Z22] EA {7, 28| 3} S
YYII=F A 2 E=v) oo o] (C 3 H 6), ring,
cyclopropaneS sl T8 Ao g Figs
oA e} o] Z7] 2E*H3F group set collection(2),
group set collection(3) & #H&1 3 %o+ (-CH2- -CH
2- -CH2) & oY Ex e slidsle 25dgez A
g3ict, 7 A A AR g 2ok
FE-2 meta rule2 ¥ E] A3 5ke] glHd|o]EH2HH
group set collection{ Xemn) o A Xearsn = 322 A ek
A Z27] 2FAEE 7] YA select ruled 3
E3) HriME Ex1e] fav) shAe) ARl o)
FoA gloerz o9 Y4E e 1F9 B4l
27 ¥ l%xdfﬂ'—‘ﬂr 5’*7] Z2A 2FATE PA4HA
22202 e X A ﬂﬁé‘;ﬂ"] RAEHS A} o]
2 %¥ Fig. 5°ﬂ*‘] 4 Sl ube} #o] 4009 15E

2HE 509 growpERE ¢EH 27 2FHES A
gk oh&-& meta rule 258 Xy, =32 group set col-
lectiong wHE7] $)slAE group set collection(2) &
THER o) 27) 2F A LS ©)-8-3hA] group set col-
lection(3) & 2+Eti= A 2hel] wh}A] 714 group set col-
lection(2) & ®wF=c}. o] @ combine ruled %7] 1§
Aol A F Ay 25& Addste] gahrzd A
g g4k 3gEel g AL AES B3 As
ol 7k group set collection(2) ol 3 7}&ch o] &4 group
set collection(2)+= 371 2] 33tz o g2 eldit 2EFJ
< 2g8A "ok g 27 2F3E group set
collection(2) ol A 7tzt shig ol 2§ 3He Aldsle
combine ruledl] &sjA FEAHo =z Elgsitir #H
%l 2EHEES group set collection(3)o] 7).
Group set collection(3)oll= Ao 2 4749 153
o} A} vlx|vto & select ruled T EE o]
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1. ring
2. nonring
Ans : 1

(C 6 H 6)

BENZENE

What is the structure of chemical?

Enter the data in the following form:

Enter The Name of The Chemical

(C 6 H 6)

(BOND (= =))

(FORMULA ((C 6) (H 6)))

Error of boiling temperature

Error of critical_pressure
Error of critical_ volume

.

The results of the analysis are:

(USED (=CH~ =CH~ =CH- =CH- =CH- =CH-))

(TC 0.0492)

(PC 0.0066)

{(VC 246)

(TB 160.38)

{TF 48.78)

boiling_temperature 358.38 (K} (predicted)
critical_temperature 569.7095 (K}

critical_ temperature 561.475 (k} (from data-base)
critical_pressure 47.69389 ({bar)
critical_volume 263.5 (cm3}

Ahk kI Ak ANk ATk kAN kX ¥k kX A AERRORSA* Xk kk kA hk kdkh kb kA hkht

Error of critical_temperature_from calculated_ Tb
Error of cr1t1cal_temperature_from_dbase_Tb

1.466589 (%)
1.335749 (%)
0.128953 (%)
2.466471 (%)
1.737452 (%)

J

Fig. 6. Example of input and output screen(The values for TC, PC, VC, TB and TF denote the A values in Joback

GCM).

Fe 2532 g s Al o) F S
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(-CH2- -CH2- -CH2-)-¢ 3 ¥4 o2 9314 5t} Fig.
5 4] 7+ 253 2] bonde Al ko) id Yz
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Fig.6& 857k Al2eol o/ 495 299 g e
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Table 2. Test results of the expert system developed in this research

109 000010000000000000000000000010000000000°0

111 100000000000000001000000000000000000000°0
112 100000000000000010000000000000000000000°0
113 1000000000000001000000000000000000000000
14 100000000000000000100000000000000000000°0
115100000000000000000000000000000000000100°0

117 100000000000000000010000000000000000000°0

18 100000000000000000000000000000000000010°0

119 100000000000000000000000000001000000000°0

140 000000002000000000000000000000000000000°0

145 0000100100000000000000000000100000000600°0

146 000011000000000010000000000000000000000°0

51 0000110000000001000000000000000000000000

153 1000000000000000000000000000000000010000

155 0000200000000000000000000000000000000000

160 1000000000000000000000000100000000000000

62 1000000000000000000000000010000000000060°0

164 11 000000000000000100000000000000000600000

651100000000000000100000000000000000000000
166 11 0000000000000100000000000000000000000°0

67 1100000000000000001000000000000000000000
168 20000000000000000000060000000000000000000

170 11 00000000000000000100000000000000000000

172 110000000000000000000000000000000000010°0

1774 110000000000000000000000000001000000000°0O

183 00001100000000000000000000000000000100600

185 0000200100000000000000000000000000000000

186 1000000011000000000000000000000000000000

18 0000110000000000000000000010000000000000

199 0100110000000000100000000000000000000000

192 110000000000000000000000000000000001000°0

193 0000000000300000000000000000000000000D000DO

194 1000110000000000000000000000000000000000

196 2000000000000000000000010000000000000000

197 01 0011000000000000010000000000000000000°0

198 11000000000000000000000001000000060000000

201 110000000000000000000000001000000000000°0

2032000000000000000000000000001000000000000O0

204 120000000000000010000000000000000000000°0

20620100000000000001000000000000006000000000O0

206 2100000000000000000000000000000006000000°0

2071200000000000000000100000000000000000000

20862010000000000000000100000000000000000000

202100000000000000000002000000000000000000

261200000000000000000000000000010000000000

2172010000000000000000000000000010000000000

224 01001100000000600000000000000000000010000

230 10001100000000000000000000010000000060000

234 1200000000000000000000000000000000010000

23 1000110000000000000000000001000000000000

29000000000040000000000000000000000000000020
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Table 2. continued

7] % -

Zj-f{-°§ .

242
243
246
250
253
254
258
290
311
314
343
353
379
416
440
476
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C OO0 OO OO DO ODOOOO

CC OO O OO OOOOCOOO
oo o Cc o0 oo o000
OC OO O OO DODDODDOCOQ
CCoCoc oo o000 oo Ccooo

C OO0 C OO DD OO
C OO DD O C OO DOoOO OO
COC OO D OO OO O OO
OO T OO0 OO DO DOCOO OO
C O DD OO OO -OOD
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CCOC OO OO DO OOoOOOCD
C DO T OO OO ODDODODDODOOO
(=R R e i = I = = I = R e e i o T o Y e I e I )

Table 3. 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) sulfur

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.

A ZE 23Eo) QA 971 Wil o) ZFEAP &
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: number of attachments in the main elements

(C,ON, S

: maximum number of double bonds in a mole-

cule(calculated from the number of main ele-
ments)

: maximum number of hydrogen in a mole-

cule

: maximum number of triple bonds in a mole-

cule

: number of double bonds in a molecule
:number of hydrogens in a molecule
:number of halogen elements in a molecule
:number of main elements in a molecule
:number of triple bonds in a molecule
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