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ting the data as  initial slope versus concentration and ver- 
sus~(concentration), studehts found that the reaction was 
first order in both BCG and hypochlorite. Results for three 
(out of four) groups for one section are shown in Figures 2 
and 3. Students concluded that a t  the highest reactant 
concentration, the bleach reacted so fast that mixing was 
the limiting factor. Consequently, they analyzed the first 
three conceitrations to evaluatereaction order. 

Discussion 
In later discussion, students learned that a plot of ln(ab- 

sorbance) versus time yielded a straight line. 

Conclusion 
A kinetics laboratory was desimed to provide students 

with a ~orn~rehensive~ex~erienc~ of obs&ving and moni- 
toring a chemical reaction. Students viewed a reaction that 
changes color while simultaneously monitoring a changing 
light intensity with PSL equipment. Students analyzed 
PSL data to determine the order of the reaction for BCG 
and for hypochlorite. Each plot of ln(absorbance) versus 
time was linear, even though the slope varied from run to 
run. 
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Hiickel Calculations using Mathematica 
Eamonn F. Healy 
St. Edward's University 
Austin, TX 78704 

Aleebraic com~uter  woerams such as  MathCad1 and 
~a t i ema t i ca '  have found application in a variety of topics 
in the undereraduate cumculum. These include, but are 
not limited to, evaluation of the harmonic oscillator for dia- 
tomic molecules (I), calculation of vapor pressures (21, and 
the graphical display of atomic orbitals (3). This paper de- 
scribes the use of Mathematica to simplify and elucidate 
the application of Huckel theory in the calculation of MO 
energies and orbital coefficients. 

Advantages of Svmbolic ADDli~ations - . . 
The Advanced Organic Course a t  St. Edward's, like that 

a t  m a w  institutions, begins with a discussion of MO the- 
ory and introduces the ~ u c k e l  approximation as  a simple 
yet effective technique for the calculation of MO coefii- 
cients, orbital energies, atomic charges and as  a basis for 
the understanding of aromaticity. While setting up the ap- 

' MaihCAD; Mathsoft; One Kendall Square. Cambridge. MA 
021 39. 

Mathematica; Wolfram Research, PO Box 6059, Champaign, IL 
61826. 

propriate secular determinant involves the student in 
que&ions of topology and bonding, the expansion of the 
secular determinant to yield MO enereies and orbital coef- 
ficients is always tedious and often to error.-We have 
used Mathematica to simplify this process. Its speed and 
utility allow the student to focus more on the derived prop- 
erties such as  bond order and atomic charge. In addition 
the availability of this computational engine allows for cal- 
culations to be performed on relatively complicated sys- 
tems such as  1 and 2. 

Partial Script for 1,3-butadiene 

2 
Note (i) 

1 - 3 x 2 + x 4  

NRonts[ %==O, x I Note (ii) 

x == -1.61803 l x  == -0.618034 1 x == 0.618034 x == 1.61803 

arc2 = arr I. x- -1.61803 Note (iii) 

Eigensystem[ arr2 I Note (iv) 

Notes 
(i) The student is required to set up the secular determinant 

far the rr-electron framework using the standard Hiickel 
approximations: 

a = H, p =Ha (for all bonded pairs) x = (a - E) 1 P (1) 

(ii) For most svstems the exact solution of the oolvnomial can . - 
be quite complicated and numerical routs are prefemd. 
The conversion of these four values of x t o n  orbital enrr- 
gies is simply: E = a  - px 

(iii) The simplest procedure for finding the coefficients in- 
volves taking each value of x in torn and substituting 
back in to the determinant. 

- 
(iv) For each value of x a set of eigenvedars is generated cor- 

responding to an eigenvalue of zero, or near zero. For x- 
1.61803 the corresponding eigenvector set is 10.371748, 
0.601501, 0.601501, 0.3117481, i.e. the vectors corre- 
spondingto an eigenvalue of 0.0000039, This represents a 
solution of the secular equation for x=-1.61803 : 

E, = a + 1.61803 P 
Yn = 0.371701 + 0.6015$2 + 0.6015$3 + 0.3717$4 (2) 

It is important to note that these coeficients are not nor- 
malized and, therefore, need to be divided by d ~ ( ~ ) ~  
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where q are the orbital coefficients. The remaining ener- 
gies and MO coefficients are found in a similar manner. 

Partial Script for Benzene 

Dett arr I 

- 4 + 9 x 2 - 6 x 4 + x 6  

Solvet % == 0 ,  XI Note (v) 

llx + 21, lx + -21, lx + It, lx + -It, lx + 11, 
Ix +-Ill 

a r r2=a r r / . x+ l  

111,1,0,0,0,11,11,1,1,0,0,0l, 
10,1,1,1,0,01,10,0,1,1,1,0l, 
10,0,0,1,1,11,11,0,0,0,1,1l~ 

Nullspace[ arr2 I Note (vi) 

11-l,O, 1,-l,O, 11, 1-1, l,O, -1, 1, Ot l  

Notes 
(v) For benzene simple exact roots of the polynomial can be 

obtained. 
(vi) Because of the exact solution obtained in the previous step 

the expression Nullspace can now be used to simply 
solve for m.x = 0 , i.e. for generation of the coefficients 
corresponding to an MO of energy a - bx . One eamplica- 
tion here is the degeneracy of the solution. The two eigen- 
vectors generated by Mathematica are related by 
symmetry. To compute valid coefficients for the degener- 
ate p orbitals we simply take a linear combination of the 
two vectors : 

Again the  coefficients a r e  normalized subsequently by 
dividing by dXLail2. 
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