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Abstract

Closed shell bonding can be described by a theory that relates the manner that
atoms fill their outer shells to algebraic formulas. Equatiqns can be derived that are
capable of deciding whether a given electron configuration gives a closed shell electron
structure or not. A combinatorial analysis can be used to try every possible electron
configuration for a given structure. The equations are then used to determine whether
each structure gives a closed shell electron configuration. Some of these molecules may
be considered impossible because they are bonded to noble gases. However, a list of
molecules that contain a noble gas species is included to show that bonding to noble

gases is not impossible. An initial list of triatomic linear molecules is presented.

Introduction

G. N. Lewis was one of the first to note that the electron configurations of the
noble gases are very stable and unreactive. He went on to suggest that atoms could attain
similar electronic structures as the noble gases by sharing their electrons. In 1916, he
coined the term covalent bond to describe this phenomenon. This model quickly became
known as the Lewis model and is one of the most well known models for describing
molecular bonding.'

The Lewis model for covalent bonding is only concerned with electrons in the
outermost principal energy level. These electrons are commonly referred to as valence
electrons. Valence electrons can be easily represented as dots around a chemical symbol.
For example, the following is a representaﬁon of a Beryllium atom.

‘B c.



The atom has only two valence electrons and these are represented by the two dots. These
symbols can be joined together to create covalent bonds by combining the structures in
such a way so that the same electron configuration as a noble gas is attained around each
atom. When all the atoms in a molecule have closed outer electron shells, the energy of
the system is minimized. Because all noble gases except helium have eight electrons in
the outermost shell, the this configuration is now called the rule of eight.

The basic ideas used in determining Lewis structures can easily be translated into
an algebraic form.? For any molecule that follows the rule of eight and has atoms with no
formal charge, the number of electrons held by one atom, plus the electrons it receives
from another atom must equal eight.® In other words, an equation is written that requires
each atom to have the number of electrons requisite for a closed shell.

For example, in a two-atom molecule the following equation can be written for
the first atom, c¢; + V12 = 8, where ¢, refers to the number of electrons in atom 1 and v;,
refers to the number of atoms that ¢, receives from c,. 2 A similar equation can be written
for the other atom in the molecule. The equations can then be combined algebraically to
make one large equation that when satisfied will give a molecule that contains only
closed shell atoms as long as a few simply constraints are met. Two atom molecules will
again be used as an example. Assuming that v;, is equal to v;, the following equations
can be derived. The first one is derived by using addition of equations and the second by
subtractions. Equations can be combined in any manner of addition or subtraction and

this will not affect the validity of the equation.

C1+V12=8 C1+V12=8
+ Co+Vo1=8 - Co+Vo1=8
Ci+Co+2Vio= 16 ciCo= 0




Note how the two solutions both have benefits and drawbacks. The first equation, arrived
at through the addition method includes a term for the bonding. This is good if one wants
to know the order of the bonds; however, it is an extra variable that can add considerable
time to calculations. On the other hand, the subtraction method is valuable because it can
predict the specific atoms in the molecule with the fewest variables possible. Simply
satisfy that equation and a few simple constraints and a closed shell molecule will be
produced. When used together the different techniques can be very powerful. The
subtraction method can first be used to determine the atoms in a molecule, and then the
addition method can be used to find the bond order. Although the addition method alone
would work as well, the use of both of them together can be much faster for large
molecules.

The use of these two methods is very good at finding a small subset of molecules.
However, it fails to take into effect coordinate covalent bonding. In coordinate covalent
bonding, one molecule donates both electrons from a lone pair to a shared bond. The
most common example of this is carbon monoxide. Carbon is triple bonded to oxygen,
however carbon donates both electrons to form the third bond, thus there are two
electrons from oxygen and four from carbon making a triple bond. Although the
constraints are still being discovered for coordinate covalent bonding, it can easily be
incorporated into our equations. Coordinate covalent bonding can be taken into effect by
adding a 2 in front of each of the variables that represents the atom that initiates the

coordinate covalent bond.



Methodology

Triatomic linear molecules were chosen to be studied because diatomic molecules
had already been stpdicd in detail.* Another benefit of triatomic linear molepulcs is that
they are easily represented and can be graphed according to each atom in the molecule.

Once the number of molecules and geometric structure were determined, the
equations for triatomic linear molecules had to be determined. The first step is to find the
specific equation for each atom in the molecule. Because the first molecule has c; valence
electrons and receives Vi electrons from the second atom, its equation is ¢; + v2 = 8.
The second atom is slightly more complex. It not only receives electrons from the third
atom, it receives electrons from the first. So the equation for the second atom has an extra
term, c3 + V12 + V23 = 8. The third atom is in the same situation as the first, so its equation
is ¢3 + v23 = 8. These equations can be combined using the addition method to make one

large equation.

C]+V12=8
Cr+Viz+Vys =28

+ C3+Vy3 =8

Ci +C2+C3+2(V12) +2(V23)=24

Once the general equation has been found, combinatorial analysis can be used to
find out which atoms are in the molecule, and what bond order is between them. So a
computer program can simply plug in all possible values one at a time and check to see if
the equation is true. As an example, the analysis finds that 7+ 6+7+2* 1 +2* 1 =24

is a true statement. So we can say that a triatomic linear molecule that has an outer



electron configuration of 7, 6, 7, that is joined by two single bonds is a closed shell
molecule. By substituting into the second of the periodic table, one can find the molecule
F-O-F.

There has been a constant evolution in the methods of combinatorial analysis used
to determine these molecules. The first method used was a pen and paper. One can guess
which possible atoms should be in a molecule, then enter the values in to the equations to
determine if it is a valid molecule. The pen and paper method is slower, but it is the most
accurate and is still used to check the newer methods.

The second method employed was a spreadsheet. In the spreadsheet, each line had
one possible configuration for a molecule. The spreadsheet then checked to see if the
variables used in that line, when put into the equation gave a true statement. Using the
addition method, this took around 1600 lines. This also did not take coordinate covalent
bonding into effect.

A third method was developed using a J ava™ computer program to try all the
possible values. This first program did not take coordinate covalent bonds into effect and
was very rudimentary. It was also only able to find molecules for triatomic linear
molecules. It had to be rewritten and recompiled to find any other configuration.
However, it did find the majority of covalent molecules after some bugs were worked
out. The computer code for this program has been included in appendix A.

The program was then rewritten to be able to address some of the major problems
associated with the first program. The biggest feature of this program is that no rewrite is
necessary to change the geometric and atomic structures being used. The computer code

used is included in appendix B.



Results

The molecules found from the combinatorial analysis are listed in table 1. These
molecules have both covalent and coordinate covalent bonding. The molecules were then
graphed according to the number of valence electrons in each atom. Figure 1 shows the
entire coordinate system used to graph the molecules. The first item of note from figure 1
is that there are three main planes moving from the upper left to the lower right. Another
item of note is that only atoms in the s and p levels have been included. If d atoms had
been included the entire coordinate system would have been filled. Figure 2 is a closer
view that is centered on the lowest plane in the figure. Figure 3 is very similar, however it
is centered on the middle plane. Figure 4 gives a completely different view. This is a
picture taken from above the origin looking down at the planes. Figure 5 is a cut away
from the top plane in the figures 1-4. Figures 6 and 7 are both cut away from the middle
and bottom planes respectively. Figure 8 shows molecules that have entropy data for
them. The picture on the left is the standard picture. The boxes in the picture on the right
are proportional to the entropy of each molecule. Since entropy is a measure of disorder,

the smaller boxes should be molecules that are more stable, note CO,.

Discussion

One supposed problem with our study is that many of the molecules predicted by
our theories, especially using coordinate covalent bonding, are bonded to the noble gases.
Anyone who has taken a high school chemistry class knows that noble gases rarely bond
to other molecules. That is why they used to be called the inert gases. However, current

research has shown many molecules that contain noble gases. According to the National



Institute of Standards and Technologies webBook database the elements below are all

molecules with either spectral or thermodynamic data.*

ArBrXe NeXeBr NeKrCl Ne,F NeXeF BeOXe BrNeXe

CsCrOsXe | C.MoO:Xe CIFXe .| ClKrXe F.Xe HBrXe ArFXe

Simply because many molecules appear extremely unstable in no way negates the value
of this method. A closed shell molecule may not always be a stable molecule due to steric
strain or other factors.

The theory presented here is an attempt to reformulate Lewis-structure chemistry
in a general and rigorous way.6 Nearly 20 million molecules have been characterized and
the majority of them have a least partial Lewis structures. It seems that the methodology
employed here should be useful for identifying new species as well as systematically
finding any molecule needed, known or not.’

The most recent research is showing clear trends in stability, with the most stable
molecules near the center of three isoelectronic planes. One way these stability Formal
charge is a way of finding the apparent charge on any one atom in a molecule. One way
of determining whether a Lewis structure’s is valid is by minimizing formal charge.
Figures 5, 6 and 7 show the three isoelectronic triangles from figures 1-4. These
triangular graphs contain the sum of formal charge for the entire molecule.

Another good indicator of stability is entropy. Because entropy is a measure of the
disorder of a molecule, the smaller the entropy value, the more stable a molecule should
be}. Figure 8 shows a graph of entropy with the molecules that contain stability data. The

left hand side of the figure contains the molecules as they would normally appear. The




right hand side contains the same molecules, but the size of the boxes has been scaled to
be proportional to entropy.

This theory could some day allow pharmaceutical companies to find new drugs
faster, by systematically finding all related molecules. Many different drugs have very
similar atomic structures. One could use a program similar to the one in appendix B to
input a known structure, while giving the program certain variables of what the parts of
the molecule the researchers would like to vary. Hopefully some of the molecules
generated would produce useful molecules not thought of initially.

The ability to predict the majority of electronically stable molecules from a set of
basic principles should be a huge asset to the scientific community. Although many
molecules do appear to be short lived, the fact that they follow the rule of eight and fall
into such regular patterns is astounding. Still, much more research is needed before more

practical applications can be developed.
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Table 1: This is a list of all linear triatomic molecules. The notation needs explantion. Normal bond
notation is used for covalent bonds, but for coordinate covalent bonds direction must be noted. The
arrows show which atoms donated two atoms for a bond. The symbol -= represents a covalent triple

bond.

Ne>0O>>>Be F-F>>>Be O<Ne>>>Be Ne>N->>B F-O->>B
O<F->>B Ne>>C>>C Ne>C=>C F->N>>C F-N=>C
0=0>>C 0<0=>C Ne>0>>C N-<F>>C F-F>>C

C<<Ne>>C O<Ne>>C Ne>>B->N Ne>B-=N F->C->N

F-C-=N O=N->N O<N-=N Ne>N->N N-<O->N
F-O->N C<<F->N O<F->N Ne>>>Be>0 Ne>>Be=0

Ne>Be=<O E->>B>0 F->B=0 F-B=<0O 0=>C>0
0<C=<0 0=C=0 Ne>>C>0 Ne>C=0 N-=N>0
N-<N=0 E->N>0 F-N=0 C=<0>0 C<<0=0
0=0>0 0<0=0 Ne>0>0 B-<<F>0 N-<F>0

F-F>0 Be<<<Ne>0 C<<Ne>0 O<Ne>0O Ne>>>Li-F

Ne>>Li-<F Ne>Li-<<F F->>Be-F F->Be-<F F-Be-<<F
O<B-<<F O=>B-F O=B-<F Ne>>B-F Ne>B-<F
N-<C-<F N-=C-F F->C-F F-C<F C<<N-<F
C=<N-F O<N-<F O=N-F Ne>N-F B-<<O-F
N-<O-F F-O-F Be<<<F-F C<<F-F O<F-F

F->>Li<Ne F->Li<<Ne F-Li<<<Ne O<Be<<<Ne O=>Be<Ne

O=Be<<Ne Ne>>Be<Ne Ne>Be<<Ne N-<B<<Ne N-=B<Ne
F->B<Ne F-B<<Ne C<<C<<Ne C=<C<Ne O<C<<Ne
O=C<Ne Ne>C<Ne " B-<<N<Ne N-<N<Ne F-N<Ne

Be<<<O<Ne C<<O<Ne 0O<O<Ne
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18,18,18

Figure 2: Closer view centered on lowest plane
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Figure 4: View from above origen locking down along planes
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Figure 5: Diagram of highest plane showing the location and formal charge of all molecules

Zlifcl=2

Tifc=0  ifcl=0

NOF (000) FON
cl=4 Zlfcl=2 Zlifcl=0 Zlfcl=2

CFF . NFO . . OFN FFC .
Tlifci=4 Zlfcl=4 Tlfcl=4 Ylfcl=4

CNeO ONeC
Zifcl=4 Zlfcl=4

Figure 6: Diagram showing molecules in middle plane
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BiNe OBF FBO aBN
Tlfcl=4 Tifel=2 Zifel=2 ZifekeA

CENe NCF 0CO FCN NeCC
fcl=2 Zlfcl=0 Zlfcl=0 Zlfcl=0 Zlfel0

BNDNe CNF NNO ONN FNC NeNB
Zlfgl=4 Zifcl=4 Zifcl=2 Zlfel=2 Zifcl=4 Zlfel2d

Be(QNe BOF Cco0 NON 0o0cC FOB NeOWBe
Zifcl=4 Zlifcl=4 Zifcl=4 Zifcl=4 Zifcl=4 Zlfcl=4 Zlfel=X

BeFF BFO CFN NFC OFB FFBe
Zlifel=6 Zlfel=6 Zlfcl=6 Zlfel=6 Zifcl=6 Zifcl=6

BeNeO CNeC ONeBe

- ZIC=8 ZIfc=8 ' THc=8

Figure 7: Diagram showing molecules from the lowest plane in graph and showmg the summation of
the absolute value of the formal charge for each molecule
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Figure 8: Standard Entropies at 25°C (J/mol * K) of compounds at 1 atm. Two views of molecules
with entropy data. The picture on the left shows the molecules as they appeared in the earlier graphs.
In the picture on the right, the molecules have been edited for size according to their entropy data.

The numbers above are the actual values

Appendix

A. First Java Computer Program

import com.sun.j3d.utils.applet.MainFrame;
import mvs.*;
import java.util.Vector;
import java.awt.*;
import Viewliol;
import javax.media.j3d.*;
public class Model3Ln extends Canvas
{
protected int state = 0;

protected String lookupf] = { "*, "Li", "Be®, "B", "C", "N", "0", "F*,
“Ne*, *Sc*, “Ii®, *W*, “crv,
"Fe",
"Co”", "Ni®", “Cu", "Zn"};
protected String lockup2([] = { "*, "=-", "=, t-=" };
protected Data temp;
public Vector answer = new Vector(20,20);
protected int ¢l = 0, ¢2 =0, €3 =0, c4 = 0, c5 = 0;
protected int a = 8, b =8, c =B, d =8, e = B; public void setState( int a ){
state = a; )
public Model3Ln ()
{
this.setSize (400, B0O); this.setBackground(Color.cyan); this.setVisible(true);
compute {);
sort {); repaint();

} i
public Model3Ln (int al, int b1, int cl)
{
this.setSize (400, 800); this.setBackground(Color.cyan); this.setVisible(true);
compute ();
sort (); repaint();
}
public vold setData (int al, int bl, int cl)

15
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al;
b bl;
c cl;
compute ();
sort ();
}
public wvoid compute ()
{
for {(int 1 =a / 2; 1 < a; i++)

a

for (int § = b / 2; 3 < b; j++)

0):

{
for (int k = c / 2; k < ¢; k++)
{
for {int v12 = 1; v12 < 4; v12++)
{
for (int +v23 = 1; v23 < 4; v23++)
{
if (i1 +j+k==a+b+c-4-2*12 -2 * y23
k& v12 + w23 <= 4)
{
cl = a - v12;
c2 =b -4 ~ v12 - v23;
el = ¢ - v23;
if (¢l > 0 &k c2 > 0 && ¢3 > 0)
{
temp =
new Data (cl, c2, ¢3, 0, 0, v12 + 1, v23 + 1,
answer.addElement (temp);
}
}
}
}
}
}

}

}

public void sort ()

{ feoer( int m =0; m < answer.size(); m++)(
for (int i = 0; i < answer.size (} - 1; i++)

{
for (int § = 1 + 1; j < answer.size (); Jj++)
(
if (((pata) answer.elementAt (i)).value () ==
((Data) answer.elementAt (j)).value ())
{
answer .removeElementAt (j);
}
}
} }

}

publiec String[] getResults ()
{
String[] results = new Stringlanswer.size (}];
for (int i = 0; i < answer.size (); i++)
{
results(i] =
lookup([{(Data) answer.elementAt (i))}.cl] +
lookup2(((Data) answer.elementAt (i)).wvl2] +
lookup[ ((Data) answer.elementAt (i)).c2] +
lookup2[((Data) answer.elementAt (i)).v23] +
lockup[{(Data) answer.elementAt (i)).e3];
}
return results;
} public woid paint( Graphies g} { int xpos = 30, ypos = 10, linec = 20, sinc = 10;
//paint generic shape
g.drawString(“"cl", xpos, ypos);
g.drawString(“c2", xpos +linc, ypos +sinc);
g.drawString("c3", xpos +2*linc, ypos);
g.drawLine{ xpos + 10, ypos, xpos+lihec-2, ypos+5);
g.drawlLine( xpos +linc+12, ypos+5, xpos+2*linc, ypos); ypos += 20;
for (int 1 = 0; 1 < answer.size (); i++)

g.drawString(loockup!(((Data) answer.elementAt (i}).ecl], xpos, ypos);

g.drawString(lockup[ ( (Data) answer.elementAt (i)).c2], xpos +linc, ypos +s8inc);
g.drawString (loockup|[ ( (Data) answer.elementAt (i}).e3], xpos +2*line, ypos);

16
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g.drawLine( xpos + 10, ypos, xpos+linc-2, wypos+5);

answer.elementit(i)).+12 == 2)(

g.drawlLine( xpos + 10, ypos-2, xpos+linc-2,

if( ((Data) answer.elementat(i)).vli2 == 3){

g.drawLine| xpos + 10, ypos-2, xpos+linc-2,
g.drawLine( xpos + 10, ypos+2, xpos+linc-2,

answer.elementab (1)) .v23 == 2){

g.dravLine( xpos +linc+12, ypos+3, xpos+2*linc, yvpos-2);

if( ((Data) answer.elementAt(i)).v23 == 3}{

g.drawLine( xpos +linec+12, ypos+3, xpos+2*linc, ypos-2);
g.drawLine (| xpos +linc+12, ypos+7,

ypos+=20;

}

B. Second Computer Program

public clase Generate
{

protected String lookupf(] = { ", "Li",

“"Fe",

"Be",

protected String lkbond[] = { *», "-%, "=t

private boolean atom = true;

public static final int NUMATONS = 3;
public static final int MAXATOM = 8;
public static final int MINATONH = 1;
public static void main(String[] args)
i

//1list of covalent bonds, 2,1 and 1,2 are both

int[] bondlist = {
0,1,
1.0,
L2,
2,1};
T2, 3y
32y
sl
4,3,
4,5,
S.4¥*/

"N,

if¢

ypos+3);

YPos+3) ;
¥Ypos+7);
g.drawLine( xpos +linc+12, ypos+5, xpos+2*linc, ypos);

"on,
"Ne",

*Co",

required

xpos+2*line, ypos+2);

wpn,
"ger,

UNi®,

“wou;

(({Data})

if(

wqpiw ey,

}
{(Data)

}

"Cr",

"Zn*};

"Mn",

//1list of cordinate cowvalent bonds 1,2 represents atom[l] giveing 2 two electrons

// note 1,2 isn't the same as 2,1

int[] ccbhondlist ={1,2};

//the electron count for atom ec[i],

int[] ec = {8,8,8,8,8,8,8,8);

corrosponds to atom([i]

Generate test = new Generate (NUMATOMS, bondlist,ccbondlist,ec);

¥
int numbonds;
int numccbonds;

int[]
int[]
int[]
int[]
inkt[]

public Generate(int na,int[] bd,int[] cbd,int[] ec)

{

bondlist;
cchondlist;
elecount;

bond;// the covalent bond numbers that will change eveytime checkmol is called
ccbond;// the ccbond numbers that will change eveytime checkmol is called
int numatoms;
int atomn[];// the atom numbers that will change eveytime checkmol is called

numatoms =
numbonds =
numccbonds
bondlist =
ccbondlist
elecount =

naj

(int)bd. length/4;

= (int)cbd.length/2;
bd;
= chd;
ec;

atomn = new int([na];

bond = new int [numbonds];
ccbond = new int [numccbonde];
fillarray({atomn,l);
fillarray(bond,l);
fillarray(ccbond, 1);

compute (na) ;

17



public static void fillarray(int list([], int walue)
{

for(int i = 0; i < list.length;i++)
{

list[i] = wvalue;

}
}
public woid compute(int pos)
{
-for(int i = MINATOM; i <= MAXATOM;i++)
{
atomn[pos-1] = i;
bondcalc (numbonds) ;/,/recursive algorithm for kond numbers;
if{pos-2 != -1}
{
computz({pos -1);
}
)
atomn[pos-1] = 1;
}

public void bondcale (int pos)
{

for(int 1 = 1; i <= 3;i++)
{
bond[pos-1] = i;

ccbdeale {numccbonds) ; //recursive algorithm for bond numbers;
if(pos-2 != -1)
{
bondcalc(pos -1);
}
}
bond(pos-1] = 1;

public void ccbdeale (int pos)
{

if (ccbondlist.length == 0)

{
checkmol() ;
return;
}
for(int i = 1; i <= 3;i++)
{

ccbond[pos-1] = i;

/! print();
checkmel () ;.//recursive algorithm for bond numbers;

if (pos-2 != -1)
{

ccbdecalc(pos -1);
}

]
ccbond [pos-1] = 1;
}

public void print(int[] list)

{
System.out.print("[ *);
if(atom) {
for(int 1 = 0; i < list.length;i++)
{
System,out.print(", "+lookup[list([i]]);
}
System.out.print(" 1%);
}
else {
for(int i = 0; i < list.length;i++)
{
System.out.print(*,*+list[i]);
}
System.out.print(" 1");
}
}
public void printaAll()
{

for( int i = 0; i < atomn.length; i++)({
System.out.print (lookup[atomn[i]]);

18



if(i < bond.length )
{
System.out.print (lkbond[bond([il]);
1
}
System.out.println();
¥
public int count(int list([],int walue)
{
int ¢ = 0;
for(int i = 0;i<list.length;i++)
( 5
if (list[i] == =alue)
{
Sk
}
}
return c;
}//count close
public int cceount(int list[],int value)
{
int ¢ = 0;
for{int i = 0;i<list.length;i++)
{
if (i%2==0),//if even continue
{
continue;
}
if (list(i] == walue)
{
C++;
}
}
return c;
}//count closa
public void checkmol()
{

for(int i = 0;1 < NUMATOWNS;i++)

{
/!10's place contains # of covalent bonds of atom i,
/! 1's place contains # of cordinate covalent bonds in atom i
int bndtype = 0;

//gets the number of covalent bonds atom i has and stores in 10's bndtype
switch ((int)count(bondlist,i)/2)
{
case 0:
break;
case 1:
bndtype += 10;
break;
case 2:
bndtype += 20;
break;
case 3:
bndtype += 30;
break;
case 4:
bndtype += 40;
break;
default:
System.out.println({"error atom "+i+" can't be bonded to >4 atoms");
}
// System.out.println(cccount({ccbondlist,i)+" <«<cc "+count(bondlist,i)/2);
//get the number of cc bonds atom i has and stores in bndtype
switch ((int)cccount(ccbondlist,i))
{

case 0:
break;

case 1:
bndtype += 1;
break;

case 2:

) bndtype += 2; :

break;

case 3:
bndtype += 3;
break;

case 4:

bndtype += 4;
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}

break;

default:

System.out.println("covalent bond error in atom "“+i);

//the previous two switch's are used the determine the bonding of atom 'i' and this

switch statement

//tests the correct formula
switch (bndtype)//since the atom donating cc bonds dosn't need a formula there is no

case for them
{

case

case

false start next recursion

*+bond(posi(i,1)1);

elecount[i]))

elecount[i]})

case

case

case

case

case

cage

case

case

case

case

case

case

case

D2 .
System.out.println("error bondtype 0");
S/8ystem.exit (1) ;
break;
1:/ /receiving one ccbond
if (! ((atomn{i]l) + (0 + 2) == elecount[i]))//if this statement is

return;
break;
2: ,/receiving two ccbonds
if (! (tatomn[i]) + (0 + 4) == elecountii]))
return;
break;
3: //receiving three ccbonds
if(!{(atemn[i]) + {0 + 6) == elecount[i]))
return;
break;
4: //receiving two ccbonds
if(!(f{atomn[i]) + (0 + B) == elecount[i]))}
return;
break;
10://one covalent bond
/!/System.out.println("i= “+i+" atom #: "+atomn[i]+" bondtype:

1f(! (atomn[i] + bond[pos(i,1l)] == elecount(i]))

return;
break;
11: //one ccbond and one covalent bond
7l el o+ (vi2 + 2 ) == 2,8,18
if(!(atomn[i] + bond[pos{i,1l)] + 2 == elecount[i]))
return;
break;
12: //two ccbond and one covalent bond
¥ cl + (vli2 + 4} == 2,8,18
if(!(atomn{i] + bond[pos(i,1)] + 4 == elecount[i]))
return;
break;
13: //three ccbond and one covalent bond
iF cl + (vi2 + 6 ) == 2,8,18
if(!(atomn[i] + bond[pos(i,1l)] + 6 == elecount[i]))
return;
break;
20://two covalent bonds
2l cl + w12 +v2l == 2,8,18
if (! (atomn[i] + bond[pos(i,1)] + bond[pos(i,2)] == elecount[il]))
return;
break;
21://two covalent bonds, and ocne cc bond
i cl + [ vi2 + 2) + v2l == 2,8,18
if{!{atomn[i] + bond[pos(i,1}] + 2 + bond([pos(i,2)] == elecount([i]))
return;
break;

22://two covalent bonds, and two cc bond
I cl + { v12 + 4) + w21 == 2,8,18
if(!{atomn[i] + bondipos(i,1}] + 4 + bond([pos{i,2)] == elecount[i]))

return;
break;
30: // three covalent bonds
24 cl + wviz2 + 213 + vid == 2,8,18
if(! (atomn[i] + bond[pos(i,1)] + bond[pos{i,2)] + bond [pos(i,3)] ==
return;
break;
31: // three covalent bonds and one cchond 4
I/ cl + {viz + 2) + 13 + vlid == 2,8,18
L£(!{atomn[i] + bond[pos(i,1)] + bond[pos(i,2)] + bond [pos(i,3)] ==
return;
break;
40: // four covalent bonds
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f! el + vi2 + w13l + v1d + vl5 == 2,8,18
i£(! (atomn[i] + bond[pos(i,1)] + bond[posii,2)] + bond[pos(i,3)] +
bend(pos(i,4) ]== elecount([i]})
return;
break;

}//big switeh close

}//atem for loop close
atom = true;
System.out.printlnl);
/*8ystem.out.print{"atom ");
print (atomn) ;
atom = false;
System.out.print(* bond "};
print (bond) ;
System.out.print(* ccbond ");
print (ccbond) ;
System.out.println();*/
printall();
! 'Keyboard.readInt();

"*
System.out.println("Molecule: “+lookuplatomn([0]]+1lkbond[bond([0]]+loockup[atomn[1]]);
System.out.println();
System.out.println();

*/

}//checkmol close

/* This method is use to find the 'int bondnum' 'th occurance of atom 'int atem'
int the covalent bonding array. This is used to calculate the number of electrons
that the atom 'int atom' is getting from it's 'int bondnum' covalent bond.
Eg. bondoum = 1 w12
=2 wi3
=3 w14 etc.
*/

public int pos{int atom,int bondnum)
{

int count = 0;
for(int i = 0;i< bondlist.length;i+=2)
(
if {bondlist([i] == atom){
count++;
}

if (ecount == bondnum) {
int cc = 0;
while (i > 4)
{
i-=4;
coH+;
}
return cc;
}
}
return 0;
}//pos close
}//class claose
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