Course Title: Exploring Life-Like Intelligence in Artificially
Engineered Molecules

Course Description: This course delves into the cutting-edge field of artificially
engineered molecules, focusing on the realization of life-like intelligence within
supramolecular structures. Students will explore the interdisciplinary nature of
molecular engineering, artificial intelligence, quantum information processing, and
nanotechnology. Through a series of lectures, discussions, and practical exercises,
students will gain insights into the design, synthesis, and applications of molecular
machines capable of human-like intelligence. Emphasis will be placed on understanding
the underlying principles, experimental techniques, and potential implications of these
advancements across various fields.

Course Objectives:

1. To understand the fundamental principles of molecular engineering and its
applications in achieving life-like intelligence.

2. To explore the interdisciplinary nature of molecular machines, artificial
intelligence, and quantum information processing.

3. To analyze the challenges and opportunities in designing and synthesizing
molecular platforms capable of complex tasks and decision-making.

4. To evaluate the potential applications of artificially engineered molecules in fields
such as medicine, computing, and manufacturing.

5. To foster critical thinking and creative problem-solving skills in the context of
nanotechnology and molecular intelligence.

Course Outline:
Week 1: Foundations of Quantum Molecular Intelligence
Topics Covered:

e Evolution of molecular machines - from biological molecular motors to
programmable artificial nanosystems

e Introduction to Artificial Intelligence and its convergence with Quantum
Molecular Engineering



e What makes a molecule “intelligent”? From classical Al to quantum-enabled
intelligence in matter

e Quantum Information in Molecules

o Quantum states, superposition, entanglement in covalent and non-
covalent bonds

o How molecules encode, store, and transform information using quantum
states

o Quantum behavior of electrons in chemical bonds as information carriers

e Case discussions: Does intelligence require “life,” or can it emerge from quantum
matter?

Week 2: Energy, Sensing & Quantum Computation in Molecular Systems
Topics Covered:

e Thermal noise harvesting & stochastic thermodynamics for powering molecular
operations

e Diffusive systems as natural computational landscapes: Brownian computing
e Spectroscopy Analysis
o Using IR/Raman/Fluorescence spectroscopy to probe molecular states

o Spectral signatures for energy flow, sensing events, and quantum
transitions

e Quantum Computation in Molecular Systems
o Quantum gates & operations feasible inside molecules
o Quantum walks as computation models for navigation & decision-making
o Comparison: Classical vs Quantum computing at nanoscale
e Molecular sensing and quantum signal transduction mechanisms
e Maze Problem as a Quantum Intelligence Benchmark
o Why maze complexity tests intelligent behavior
o Biological vs Al vs Quantum-molecular performance on the same task
Week 3: Quantum Communication & Engineering Artificial Quantum Life

Topics Covered:
e Cooperative signal processing & swarm behavior in molecular collectives



Quantum Communication Across Molecular Networks

o Quantum coherence vs decoherence in communication

o Wireless communication via electromagnetic signatures

o Encoding instructions into molecular systems using quantum states
Case Study: PCMS — Programmable Colloidal Molecular Swimmers

o Quantum communication capabilities in PCMS

o Behavior inside microfluidic mazes

o Distinguishing true quantum communication signals vs artifacts / noise
Experiments: Measuring, interpreting & filtering quantum EM signatures

Intelligence grading systems for molecular platforms: classical, quantum-assisted,
guantum-dominant

Engineering protocols to design diverse artificial quantum life forms at nanoscale
Applications:

o Medicine (precision nanobots, tissue-integrated sensors)

o Quantum neuromorphic computing

o Self-optimizing materials & adaptive robotics
Ethical & Societal Implications:

o When molecules “decide” on their own—control vs autonomy

o Regulatory & safety frameworks for synthetic quantum life

Assessment:

Class participation and engagement in discussions (20%)
Weekly assignments and practical exercises (40%)
Midterm examination (20%)

Final project or research paper (20%)

Prerequisites: This course is designed for master's students with a background in physics,
chemistry, biology, computer science, or related fields. Familiarity with basic concepts in
nanotechnology and artificial intelligence is recommended.



