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Goals: Write a computer program to take a set of atomic symbols and Cartesian coordinates

for a collection of atoms and determine all possible interatomic distances and bond angles. Assume
the coordinates are provided in Angstroms.

Procedure:

. Read in Cartesian coordinates from an ASCII file in the so-called XYZ format. The first line
of this file is just an integer telling how many atoms there are in the file. Each subsequent
row ¢ contains an atomic symbol (e.g., C, N, O) and a set of coordinates (z;, y;, 2;) for atom
1.

. Calculate all possible interatomic distances

Rij = /(i — 2,2 + (s — 4)? + (2 — )2 (1)

. Calculate all possible bond angles between atoms ¢, 7, and k:

R}, = R+ R}, — 2R Rjrcosdip, (2)
COS¢ijk = 72]'1' . fjk; (3)

where A A A
iy = (r; — @)+ (5 —vi)i + (25 — z)k (4)

For additional challenge, try the following: Define unit vectors ¢;; pointing in the direction

between atoms 7 and j, as

eij = Tij/ Rij.- (5)

1. Calculate all possible out-of-plane angles,
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2. Calculate all possible torsional angles,

(65 X €jx) - (€ X €x1)

COSTijkl =

SINQP;jLESINQ ki
3. Find the center of mass of the molecule.

X, = M
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4. Shift the atomic coordinates to the new center-of-mass reference frame.

5. Calculate the elements of the moment of inertia tensor

loa = Zmz(612+712)7
I.g = _Zmiaiﬁiu

where «, (3,7 are Cartesian coordinates in the new center-of-mass frame.

6. Diagonalize the moment of inertia tensor to obtain the principal moments of inertial.

can find a matrix diagonalizer in the PSI libraries on in the BLAS libraries.
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7. Determine the molecular type
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8. Determine the rotational constants in ecm™! and MHz.

A>B>C, (14)
A = &TLQI (15)
B - %2% (16)
c = &TLQI (17)

Additional Information: See Molecular Vibrations, E. Bright Wilson, J. C. Decius, and
Paul C. Cross (Dover, New York, 1980).
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