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Abstract — Synthesis of a reaction cluster is required when the yield of a desired product from a single chemical reaction is
too low for practical application. For a desired overall reaction, there may be a large number of industrially operable cluster
and it is our goal to find the optimal one among these. In this paper, a lexicographic search algorithm is proposed,-which iden
tifies all potential clusters that satisfy user specified conditions for a given set of chemical species. As a case algaly, this
rithm is applied to synthesis of reaction clusters for the decomposition of water to its constitutive elements. Successful
execution of this reaction will provide us with sustainable clean energy. As a result of this study, various potentidlaslasters
been synthesized at relatively low operation temperatures. These clusters can be more thoroughly investigated for gpotential sid
reactions, kinetics, and other concerns. This methodology can be applied to any desired overall reaction. Therefore, it is
expected to contribute to design of economic, safe, and environmentally benign chemical processes.
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Fig. 1. A thermodynamically feasible reaction cluster.
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Table 1. Species in the database
Al AlLO, AlLSIO, AlLC, B B,H, B,O, B.H,
Ba(OH), Ba BaC}, BaO Be(OH) Be BeC Be,SiO,
BeAl,O, BeO Br, Cc CClL,O CCl, CH, C,H.Cl,
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CN, G0, CCl, CH,0 CH,CHO CHCI CH,COOH CHOH
CH, co CG COcCl, Cos Cs Ca(OH), CaBr,
CaCl, Ca CaO c Cd Co CqO, CoO
Cr Cr,04 Cs CsO CsOH Cu CwO0 CuO
F, FeCl Fe(CO) Fe FeO, Fe,0, H, H,O
H,0, H,S H,SO, HBr HCI HCN HF HI
HNO, Hg HgBr, HgCl, L, K K,B,0, K,CO,
K,O K,0, K SiO, KBH,, KBO, KH KO, KOH
Li Li ,.C, Li,O Li,Sio, LiAIH , LIAIO, LiBH,, LiBO,
LiBr LiCl LiF LiH LiOH Mg Mg ,Si Mg,SiO,
Mg,(PO,), MgB, BgCl, MgCO, MgO MgSiO, Mgwo, Mn
Mo MoCl, MoO, N, NH, N,H, N,O N,O,
N,Og NO NOBr NOCI NG, Na NaB,0, Na,CO,
Na,0 Na,Si,O5 Na,Sio, Na,Wo, NaAIO, NaBH NaBQ, NaH
NaOH Nb NBOg NbO NbGQ, Ni(CO), Ni 0,
0, P, P,O10 PO Pb(BO), Pb PRO, PbBr,
PbCl, PbO PbSIQ S SO SQ SO, Si
SiHg Si;Hg SiC SiGH1, SiH, Sio, Sr Sro
Ta Ta0Oy TaC TaQ Ti Ti,0,4 TiB, TiC
TiO TiO, v V,0, V,0, V.05 w wo,
WO, Zn ZnSsQ Zr Z1B, Zrc
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Table 2. Clusters synthesized by the reaction criterion

No. T(K) InK

1 6CHg-6CH,+6H, 300.0 -2.4099E+02
1250.0 1.4293E+01

6 CH,+2 H,0-2 CH,0+4 CH, 300.0 1.0167E+01
1250.0 -2.2900E+01

2 CH,0+4 H,- 2CH+0O, 300.0 4.0877E+01
1250.0 -2.5778E+01

3 2CO+6 Co0,2 C+2 CqO, 300.0 1.1075E+01
1173.0 -4.3051E+00

2C+2HO-2CO+2H 300.0 -7.9435E+01
1250.0 8.4758E+00

2 Co,0,-6 CoO+Q 300.0 -1.2159E+02
1250.0 1.2774E+00

7 4NH#+2 0,6 H,+4 NO 300.0 -1.6466E+02
1250.0  6.4035E+00

2 H0+2 NH, - 4 NH.+O, 3000 -3.5994E+01
1250.0  3.2643E+00

4 H4+4 NO- 2 N,H,+2 O, 300.0  1.0709E+01

1250.0 -4.4052E+01

Table 3. A cluster synthesized by the reaction/separation criterion
No. T(K) In K

11 3HO#N,H,~4 H+2HNO,  300.0 -3.6115E+00
386.7 -8.3078E+01

2 HO+2 HNQ, -3 H,0,#2 NO  300.0 -1.9169E+02
1250.0 1.1204E+00

2 H,+2 NO- N,H,+O, 300.0 5.3545E+00
12500  -2.2026E+01
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Table 4. Clusters synthesized at lower operation temperatures

No. T(K) In K

1  2H+4HNGO;-2NH,+6 0, 300.0 —2.4603E+02
600.0 7.6259E+00
2N,H,+5 Q, -4 H+2 N,Og 300.0 3.2854E+01

600.0 6.4897E01
2 H,0+2 NJOy - 4 HNQ, 300.0 2.3228E+01
600.0 -9.4090E+01
2 4HNO#+N,05-2 H+3 N,Og 300.0 —2.0467E+02
600.0 2.6524E+00
2 H,0+2 N,Oy - 4 HNO, 300.0 2.3228E+01
600.0 -9.4090E+01
N,O5 - N,O4+0, 300.0 -8.5087E+00
600.0 5.6225E+00
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FAA Aol &7EA] oo Bdo] 74 eR EAlsteof g}, o] & S A8 shEstER AAA ol bdet 84 kAl 3 A
728 wEE7] 9te] slol=abA(N,H,)e) #e749) 386.65 K& 113 ol 7198 4+ g ASE g€
Fo2Ee] A WA whgo] 2 Adee] vl Aot
APPENDIX
et 2o}
Enter Maxcoef, Tlo, Thi, z0, and z1: Maxcoef = 6
Tlo = 300.000000 Thi = 1250.000000
z0 = 0.000000E+00 z1 = -4.600000
Nspec = 198 Nelem = 41
Number of half reactions = 703296
Overall reaction Index: 0 T(K) In K
2 H20 -> 2 H2 + 02 300.00 -1.8995E+02
1250.00 -3.4384E+01
Number of feasible whole reactions = 31682
nican = 751 nrcan = 2962
nclus2 = 0 nclus3 = 15
Pause - Please enter a blank line (to continue) or a DOS command.
Pause - Please enter a blank line (to continue) or a DOS command.
3R Cluster 1 T(K) In K
6 C2H6 -> 6 C2H4 + 6 H2 300.00 -2.4099E+02
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6 C2H4

2 C2H20

3R Cluster

3 C2H6

3 C2H2

2 C2H20

3R Cluster

2 CO

2C

2 Co304

3R Cluster

4 H20

4 H202

2 H202

3R Cluster

4 NH3

2 H20

4 H2

3R Cluster

4 NH3

2 H20

2 H2

3R Cluster

4 NH3

2 H20

4 H2

+ 2 H20

+ 4 H2

+ 2 H20

+ 4 H2

+ 6 CoO

+ 2 H20

+ 4 HNO3

+ 4 NO

+ 3 N205

+ 2 N2H4

+ 5 N203

+6 02

+ 2 N2H4

+ 4 HNO3

+ 2 02

+ 2 N2H4

+ 4 NO

sist=8t w404 45 20024 8H

RN R

-> 2 C2H20

-> 2 C2H6

> 3 C2H2

-=> 2 C2H20

-> 2 C2H6

>2C

> 2 CO

> 6 CoO

> 6 H202

> 2 H2

> 2 H20

-=> 6 H2

> 4 NH3

-> 2 N2H4

> 4 H2

> 4 NH3

> 2 N2H4

> 6 H2

-> 4 NH3

-> 2 N2H4

R

+ 4 C2H6

+ 02

+ 6 H2

+ C2H6

+ 02

+ 2 Co304

+ 2 H2

+ 02

+ 4 NO

+ 4 HNO3

+ 02

+ 5 N203

+ 02

+ 3 N205

+ 4 HNO3

+ 02

+6 02

+ 4 NO

+ 02

+2 02

1250.00
300.00
1250.00
300.00
1250.00

T(K)
300.00
1250.00
300.00
1250.00
300.00
1250.00

T(K)

300.00
1173.00
300.00
1250.00
300.00
1250.00

T(K)
300.00
1250.00
300.00
1250.00
300.00
1250.00

T(K)
300.00
1250.00
300.00
1250.00
300.00
1250.00

T(K)
300.00
1250.00
300.00
1250.00
300.00
1250.00

T(K)
300.00
1250.00
300.00
1250.00

300.00
1250.00

1.4293E+01

1.0167E+01
—-2.2900E+01

4.0877E+01
-2.5778E+01

In K
—2.8962E+02
2.3969E+00
5.8801E+01
-1.1003E+01
4.0877E+01
—2.5778E+01

In K
1.1075E+01
-4.3051E+01
—7.9435E+01
8.4758E+00
-1.2159E+02
1.2774E+00

In K
—-3.8338E+02
2.2407E+00
8.7903E+01
—7.0940E+01
1.0553E+02
3.4316E+01

In K
-1.6364E+02
1.0882E+01
-3.5994E+01
3.2643E+00
9.6898E+00
—-4.8530E+01

In K
9.2075E+01
—6.4400E+01
-3.5994E+01
3.2643E+00
—2.4603E+02
2.6752E+01

In K
-1.6466E+02
6.4035E+00
-3.5994E+01
3.2643E+00
1.0709E+01
-4.4052E+01



3R Cluster
2 H20

4 H2

2 N20

3R Cluster

2 H20

4 H2

2 N20

3R Cluster

2 H20

4 H202

2 N203

3R Cluster

3 H202

2 H20

2 H2

3R Cluster

2 H20

4 HNO3

2 N20

3R Cluster

2 H2

2 N2H4

2 H20

3R Cluster

4 HNO3

2 H20

N205

+

+

+

+

+

+

+

+

+

+

+

2 N2H4

4 NO

02

2 N2H4

5 N203

3 N205

10

4 HNO3

4 NO

11
N2H4

2 HNO3

2 NO

12

4 N203

N203

3 N205

13

4 HNO3

502

2 N205

14

N203

2 N205

> 6 H2

-> 2 N2H4

> 4 NO

> 6 H2

> 2 N2H4

-> 5 N203

> 4 H202

> 2 H2

-> 4 NO

> 4 H2

-> 3 H202

-> N2H4

-> 4 HNO3

> 2 H2

-> 5 N203

> 2 N2H4

> 4 H2

-> 4 HNO3

> 2 H2

-> 4 HNO3

-> N203

QAT O S5 g Fel2w B

+ 2 N20O

+2 02

+ 2 N20O

+ 3 N205

+ 02

+ 2 N203

+ 4 HNO3

+ 02

+ 2 HNO3

+ 2 NO

+ 02

+ 2 N20O

+ 3 N205

+ 02

+6 02

+ 2 N205

+ 3 N205

+ 02

T(K)
300.00
1250.00
300.00
1250.00
300.00
1250.00

T(K)
300.00
1250.00
300.00
1250.00
300.00
1250.00

T(K)
300.00
1250.00
300.00
1250.00
300.00
1250.00

T(K)
300.00
386.65
300.00

1250.00
300.00

1250.00

T(K)
300.00
1250.00
300.00
1250.00
300.00
1250.00

T(K)
300.00
1250.00
300.00
1250.00
300.00
1250.00

T(K)
300.00
1250.00
300.00
1250.00
300.00
1250.00

In K
—1.4554E+02
4.7126E+00
1.0709E+01
-4.4052E+01
-5.5113E+01
4.9553E+00

In K
—1.4554E+02
4.7126E+00
9.6898E+00
—4.8530E+01
-5.4094E+01
9.4337E+00

In K
—2.5130E+02
3.6682E+00
8.7903E+01
—7.0940E+01
—2.6545E+01
3.2888E+01

In K
-3.6115E+00
—-8.3078E+01
-1.9169E+02

1.1204E+00
5.3545E+00
—2.2026E+01

In K
6.8813E+01
-4.4367E+01
—2.0467E+02
5.4882801
-5.4094E+01
9.4337E+00

In K
—2.4603E+02
2.6752E+01
3.2854E+01
-1.3747E+01
2.3228E+01
—-4.7388E+01

In K
—2.0467E+02
5.4882801
2.3228E+01
—-4.7388E+01
-8.5087E+00
1.2456E+01
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444 7t - A
3R Cluster 15
2 H20 + 2 03 > 2 H2
6 02 + 6 SO2 > 203
6 SO3 -> 3 02
EHozsl
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	Number of feasible whole reactions = 31682
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	Pause - Please enter a blank line (to continue) or a DOS command.
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