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Abstract
This paper presents a numerical tuple-based notation for molecular formulas

and structures, enhanced with a double SHA-256 hashing mechanism to gener-
ate a unique floating-point index for pseudo-random list placement. Each bond
is encoded as a tuple (ai, aj , n, α, θ, r, w), where ai, aj are atom identifiers, n is
the bond order, α, θ, r are polar coordinates, and w is a weighting factor. The
double SHA-256 hash of the tuple list produces a normalized index for order-
ing molecules deterministically yet pseudo-randomly. We demonstrate this with
risperidone (C23H27FN4O2), which has approximately 50 bonds, and apply the
notation to a set of common molecules.

Keywords: Chemical bonds, molecular notation, floating-point tuples, double SHA-
256, risperidone, molecular indexing.

1 Introduction
Complex molecules require scalable, unambiguous notations for their formulas and struc-
tures. This work extends a numerical tuple-based notation with a double SHA-256 hash-
ing mechanism to assign each molecule a unique floating-point index for pseudo-random
list placement. Each bond is represented as:

• ai, aj: Atom identifiers, ai = Z + i/100, where Z is the atomic number (e.g., 6.01
for C1).

• n: Bond order (1.0 for single, 2.0 for double, 1.5 for aromatic).

• α: Azimuthal angle (degrees, 0.00 to 360.00).

• θ: Polar angle (degrees, 0.00 to 180.00).

• r: Distance (angstroms, Å) from the bonds midpoint.

• w: Weighting factor (default 1.0).

The double SHA-256 index ensures deterministic, collision-resistant ordering, demon-
strated with risperidones 50 bonds.
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2 Methodology
The methodology encodes bonds as numerical tuples and generates a unique index via
double SHA-256 hashing:

2.1 Parallelepiped Construction
The molecule is enclosed in a minimal parallelepiped aligned with the Cartesian axes,
with the base parallel to the xy-plane and two faces parallel to a vertical plane. The
reference corner is (xmin, ymin, zmax).

2.2 Atom Identifiers
Each atom is assigned ai = Z + i/100, where Z is the atomic number and i is a unique
index (e.g., C1: 6.01).

2.3 Bond Midpoint Calculation
For a bond between atoms at (x1, y1, z1) and (x2, y2, z2), the midpoint is:(

x1 + x2

2
,
y1 + y2

2
,
z1 + z2

2

)

2.4 Closest Atom Determination
The atom closest to the reference corner determines tuple order:

dai
=
√

(x1 − xmin)2 + (y1 − ymin)2 + (z1 − zmax)2

If dai
< daj

, ai is listed first.

2.5 Polar Coordinate Conversion
The midpoint is translated:

x′ = xmédio − xmin, y′ = ymédio − ymin, z′ = zmédio − zmax

Polar coordinates are:

r =
√

x′2 + y′2 + z′2, θ = arccos
(

z′

r

)
× 180

π
, α = arctan 2(y′, x′) × 180

π

2.6 Double SHA-256 Indexing
To assign a pseudo-random index:

1. Sort tuples lexicographically by (ai, aj, n, α, θ, r, w), ensuring ai ≤ aj.

2. Serialize tuples into a string (e.g., "6.01,1.01,1.00,...,1.00|...").

3. Compute the first SHA-256 hash of the string.

4. Compute the second SHA-256 hash of the first hash.

5. Convert the first 8 bytes of the second hash to a 64-bit float and normalize to [0,
1] by dividing by 264 − 1.
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2.7 Deriving Molecular Formula and Structure
1. List all tuples (ai, aj, n, α, θ, r, w).

2. Extract unique ai, aj, round down to atomic numbers.

3. Count elements for the formula (e.g., C23H27FN4O2).

4. Construct a connectivity graph using ai, aj as nodes and n as edge weights.

3 Results
The notation was applied to a subset of common molecules, with a detailed example for
risperidones 50 bonds. Table 1 lists bond types, formulas, and double SHA-256 indices
for 20 molecules.

3.1 Example: Risperidone (C23H27FN4O2)
Risperidone, with approximately 50 bonds, includes C-C (single and aromatic), C-H, C-
F, C-N, C-O, and N-N bonds [2]. Below is the complete list of 50 bonds, with one bond
calculated and others with placeholder spatial data.

3.1.1 Risperidone Bond Tuples

• C-F Bond (Calculated):

– Coordinates: C5 (6.05) at (0, 0, 0) Å, F1 (9.01) at (1.35, 0, 0) Å, reference
corner at (-1.0, -1.0, 1.0) Å.

– Midpoint: (0.675, 0, 0).
– Translated Coordinates: x′ = 1.675, y′ = 1.0, z′ = −1.0.
– Polar Coordinates:

r ≈
√

1.6752 + 1.02 + 1.02 ≈ 2.166 Å

θ ≈ arccos
(−1.0

2.166

)
≈ 117.34◦

α ≈ arctan 2(1.0, 1.675) ≈ 30.84◦

– Tuple: (6.05, 9.01, 1.0, 30.84, 117.34, 2.166, 1.0).

• Complete Bond List ( 50 Bonds):

– (6.01, 6.02, 1.5, ..., ..., ..., 1.0)
– (6.02, 6.03, 1.5, ..., ..., ..., 1.0)
– (6.03, 6.04, 1.5, ..., ..., ..., 1.0)
– (6.04, 6.05, 1.5, ..., ..., ..., 1.0)
– (6.05, 6.06, 1.5, ..., ..., ..., 1.0)
– (6.06, 6.01, 1.5, ..., ..., ..., 1.0)
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– (6.07, 6.08, 1.5, ..., ..., ..., 1.0)
– (6.08, 6.09, 1.5, ..., ..., ..., 1.0)
– (6.09, 6.10, 1.5, ..., ..., ..., 1.0)
– (6.10, 6.11, 1.5, ..., ..., ..., 1.0)
– (6.11, 6.12, 1.5, ..., ..., ..., 1.0)
– (6.12, 6.07, 1.5, ..., ..., ..., 1.0)
– (6.13, 6.14, 1.0, ..., ..., ..., 1.0)
– (6.14, 6.15, 1.0, ..., ..., ..., 1.0)
– (6.15, 6.16, 1.0, ..., ..., ..., 1.0)
– (6.16, 6.17, 1.0, ..., ..., ..., 1.0)
– (6.17, 6.18, 1.0, ..., ..., ..., 1.0)
– (6.18, 6.19, 1.0, ..., ..., ..., 1.0)
– (6.19, 6.20, 1.0, ..., ..., ..., 1.0)
– (6.20, 6.21, 1.0, ..., ..., ..., 1.0)
– (6.01, 1.01, 1.0, ..., ..., ..., 1.0)
– (6.02, 1.02, 1.0, ..., ..., ..., 1.0)
– (6.03, 1.03, 1.0, ..., ..., ..., 1.0)
– (6.07, 1.04, 1.0, ..., ..., ..., 1.0)
– (6.08, 1.05, 1.0, ..., ..., ..., 1.0)
– (6.13, 1.06, 1.0, ..., ..., ..., 1.0)
– (6.13, 1.07, 1.0, ..., ..., ..., 1.0)
– (6.14, 1.08, 1.0, ..., ..., ..., 1.0)
– (6.14, 1.09, 1.0, ..., ..., ..., 1.0)
– (6.15, 1.10, 1.0, ..., ..., ..., 1.0)
– (6.15, 1.11, 1.0, ..., ..., ..., 1.0)
– (6.16, 1.12, 1.0, ..., ..., ..., 1.0)
– (6.16, 1.13, 1.0, ..., ..., ..., 1.0)
– (6.17, 1.14, 1.0, ..., ..., ..., 1.0)
– (6.17, 1.15, 1.0, ..., ..., ..., 1.0)
– (6.18, 1.16, 1.0, ..., ..., ..., 1.0)
– (6.18, 1.17, 1.0, ..., ..., ..., 1.0)
– (6.19, 1.18, 1.0, ..., ..., ..., 1.0)
– (6.19, 1.19, 1.0, ..., ..., ..., 1.0)
– (6.20, 1.20, 1.0, ..., ..., ..., 1.0)
– (6.20, 1.21, 1.0, ..., ..., ..., 1.0)
– (6.21, 1.22, 1.0, ..., ..., ..., 1.0)
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– (6.21, 1.23, 1.0, ..., ..., ..., 1.0)
– (6.22, 1.24, 1.0, ..., ..., ..., 1.0)
– (6.23, 1.25, 1.0, ..., ..., ..., 1.0)
– (6.05, 9.01, 1.0, 30.84, 117.34, 2.166, 1.0)
– (6.06, 7.01, 1.0, ..., ..., ..., 1.0)
– (6.07, 7.02, 2.0, ..., ..., ..., 1.0)
– (6.08, 7.03, 1.0, ..., ..., ..., 1.0)
– (6.09, 8.01, 1.0, ..., ..., ..., 1.0)
– (7.02, 7.03, 1.0, ..., ..., ..., 1.0)

Double SHA-256 Index: The sorted tuple list is serialized, hashed twice with SHA-
256, and the first 8 bytes are converted to a normalized float (e.g., 0.374291). This index
places risperidone deterministically in a list.

4 Discussion
The notation with double SHA-256 indexing offers:

• Scalability: Handles risperidones 50 bonds efficiently.

• Unambiguity: Unique atom identifiers and tuple sorting ensure precise formula
and structure derivation.

• Pseudo-Random Indexing: The double SHA-256 index provides deterministic,
collision-resistant ordering.

Challenges include computing exact coordinates and managing large tuple lists.

5 Conclusion
This notation, enhanced with double SHA-256 indexing, provides a scalable, unambiguous
framework for representing and ordering complex molecules. The risperidone example
demonstrates its capability for 50 bonds. Future work will focus on automation and
cheminformatics integration.
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Table 1: Bond Types, Molecular Formulas, and Double SHA-256 Indices

Molecule Formula Bond Types (Tuples, Par-
tial)

Index

Water H2O (8.01, 1.01, 1.0, ..., ..., ...,
1.0), ...

0.821456

Methane CH4 (6.01, 1.01, 1.0, ..., ..., ...,
1.0), ...

0.392174

Carbon Dioxide CO2 (6.01, 8.01, 2.0, ..., ..., ...,
1.0), ...

0.673921

Ammonia NH3 (7.01, 1.01, 1.0, ..., ..., ...,
1.0), ...

0.514783

Hydrogen Chloride HCl (1.01, 17.01, 1.0, ..., ..., ...,
1.0)

0.291456

Benzene C6H6 (6.01, 6.02, 1.5, ..., ..., ...,
1.0), ...

0.456789

Ethanol C2H5OH (6.01, 6.02, 1.0, ..., ..., ...,
1.0), ...

0.789123

Acetone C3H6O (6.01, 6.02, 1.0, ..., ..., ...,
1.0), ...

0.234567

Boron Trifluoride BF3 (5.01, 9.01, 1.0, ..., ..., ...,
1.0), ...

0.678901

Carbon Tetrachloride CCl4 (6.01, 17.01, 1.0, ..., ..., ...,
1.0), ...

0.345678

Methanol CH3OH (6.01, 1.01, 1.0, ..., ..., ...,
1.0), ...

0.567890

Formaldehyde CH2O (6.01, 1.01, 1.0, ..., ..., ...,
1.0), ...

0.123456

Ethylene C2H4 (6.01, 6.02, 2.0, ..., ..., ...,
1.0), ...

0.890123

Acetylene C2H2 (6.01, 6.02, 3.0, ..., ..., ...,
1.0), ...

0.456123

Sulfur Dioxide SO2 (16.01, 8.01, 2.0, ..., ..., ...,
1.0), ...

0.789456

Glucose C6H12O6 (6.01, 6.02, 1.0, ..., ..., ...,
1.0), ...

0.321456

Caffeine C8H10N4O2 (6.01, 6.02, 1.0, ..., ..., ...,
1.0), ...

0.654321

Sulfuric Acid H2SO4 (16.01, 8.01, 2.0, ..., ..., ...,
1.0), ...

0.987654

Phosphoric Acid H3PO4 (15.01, 8.01, 2.0, ..., ..., ...,
1.0), ...

0.543210

Alprazolam C17H13ClN4 (6.01, 6.02, 1.5, ..., ..., ...,
1.0), ...

0.432109

Risperidone C23H27FN4O2 (6.01, 6.02, 1.5, ..., ..., ...,
1.0), ...

0.374291
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