COURSE DESCRIPTION

Characterization of Transient Species in Chemistry and Biochemistry
Academic year 2025-2026

1. Programme-related data

1.1. Higher Education Institution

Babes-Bolyai University, Cluj-Napoca

1.2. Faculty

Chemistry and Chemical Engineering

1.3. Department

Doctoral School of Chemistry

1.4. Field

Chemistry

1.5. Level of study

Doctorate

1.6. Degree programme / Qualification

Doctorate / Doctor in Chemistry

1.7. Form of education

Full time

2. Course-related data

2 1. Course fitle Chara.ctemzat'wn of Transient Species in Chemistry Course code SDC-19-12
and Biochemistry

2.2. Course Prof. Dr. Radu Lucian SILAGHI-DUMITRESCU

coordinator

2.3. Seminar Prof. Dr. Radu Lucian SILAGHI-DUMITRESCU

coordinator

2.4. Year of study |1 2.5. Semester 2 24 oo @t Exam

assessment
2.7. Course status | Optional 2.8. Course type Specialisation subject

3. Total estimated time (hours per semester of teaching activities)

3.3. seminar/

3.1. Number of hours per week 3 of which: 3.2. course 2 laboratory/ 1
project
3.4. Total of hours in the curriculum 36 of which: 3.5. course 24 i{g;:gi;ar/ 12
Time allocation for individual study (IS) and self-taught activities (ST) hours
Learning from textbooks, course materials, bibliography, and notes (IS) 60
Additional research in the library, on subject-specific electronic platforms, and on-site 60
Preparing seminars/ laboratories/ projects, assignments, reports, portfolios, and essays 50
Tutoring (professional guidance) 20
Examinations 20
Other activities 4
3.7. Total hours of individual study (IS) and self-taught activities (ST) 214
3.8. Total hours per semester 250
3.9. Number of credits 10




4. Prerequisites (where applicable)

4.1. curriculum-related

Master's-level training in chemistry, biochemistry, or a related discipline,
including undergraduate physical chemistry and spectroscopy.

4.2. skills-related

Familiarity with basic reaction kinetics and with the main spectroscopic
techniques (UV-Vis, IR, NMR, EPR); reading-level English.

5. Specific conditions (where applicable)

5.1. course-related

Students attend lectures having read the assigned material beforehand; mobile
phones off or silent; active participation in the mechanistic discussions.

5.2. seminar/laboratory-related

workshops.

Students attend the seminar prepared with notes and the week's assigned primary
literature; active, evidence-based participation in kinetic-data and mechanism

6.1. Competencies resulting from the completion of the degree programme

Professional competencies

Competency code

Competency

Definition of notions, concepts, theories and advanced models in the field of Chemistry as well

PC1 . T . .
C as their proper use within the professional community
Use of in-depth knowledge of chemistry to explain and interpret tools and processes specific to
PC4 . o ) . S .
the detection and characterization of transient species and reaction intermediates
Identifying and applying advanced concepts, methods and theories to solve problems specific to
PCS the kinetic and spectroscopic characterization of reactive intermediates in chemistry and
biochemistry
Transversal competencies
Competency code | Competency

Execution of the requested tasks according to the specified requirements and within the

within a working group

TC2 imposed deadlines, in compliance with the norms of professional ethics and moral conduct,
following a pre-established work plan
TC3 Solving the requested tasks in accordance with the general objectives established by integration

6.2. Learning outcomes relevant to the degree programme (as referred to in the curriculum)

Learning outcomes targeted by the subject

flow, rapid-freeze quench, pulse radiolysis, flash
photolysis, time-resolved UV-Vis/IR/Raman,
EPR and pulsed EPR, CIDNP/PHIP, matrix
isolation, online MS, time-resolved X-ray

cCoodlzpetency Knowledge and comprehension Specific academic skills

PC1 Advanced and up-to-date knowledge in Applies and synthesizes advanced concepts to
chemistry and biochemistry, with emphasis on formulate mechanistic hypotheses and to design
reaction mechanisms and the nature of transient | characterization strategies; justifies the choice of
species (radicals, carbenes, carbocations/anions, | spectroscopic and kinetic approaches.
excited states, enzyme intermediates); critical
understanding of the primary literature on
reactive intermediates.

PC4 Advanced research methodologies: stopped- Designs, plans and implements a

characterization experiment targeting a transient
species; applies quality and safety procedures
and documents stages and data with full
traceability.




crystallography and cryo-EM; principles of
research project management.

processing (kinetic-fitting packages,
spectroscopy processing software, reference
managers, structural databases); responsible use
of digital resources.

PCsS Advanced strategies for data analysis, Critically analyses complex time-resolved data,
interpretation, and integration of kinetic traces estimates uncertainty and formulates mechanistic
and spectroscopic spectra (global analysis, target | conclusions; proposes methodological
analysis, spectral deconvolution); evaluation of | improvements and directions for
methodological limitations, reproducibility, and | research/innovation.
scientific impact.

TC2 Scientific terminology and communication in Writes and presents scientific results in
Romanian and English; the structure of scientific | Romanian/English coherently; provides well-
articles and presentations in mechanistic argued responses to comments and peer reviews.
chemistry/biochemistry; good citation practices.

TC3 Digital tools for research, citation, and data Uses discipline-specific digital tools effectively;

manages citations; uses digital resources
responsibly in research activities.

7. Subject-specific learning outcomes

Knowledge and comprehension

1. Applying elementary kinetic frameworks (rate laws, pre-equilibrium, steady-state, Curtin-Hammett, kinetic isotope
effects) to classify and analyse transient intermediates in chemical and enzymatic reactions

2. Understanding and interpreting time-resolved spectroscopic data (UV-Vis, IR, Raman, EPR, NMR, MS, X-ray
diffraction) for the identification of short-lived species

3. Critical analysis and use of advanced methods (stopped-flow, rapid-freeze quench, flash photolysis, pulse
radiolysis, matrix isolation) for the quantitative and qualitative evaluation of intermediate populations and rate
constants

4. Awareness of key case studies in biochemistry (cytochrome P450 Compound I, ribonucleotide-reductase tyrosyl
radical, photosystem II oxygen-evolving complex, myoglobin-O2/CQO) and in organometallic/organic chemistry
(carbenes, nitrenes, radical-pair intermediates)

Specific academic skills

1. Execution of the requested tasks according to specified requirements and within the imposed deadlines, in
compliance with professional ethics and moral conduct, following a pre-established work plan

2. Concern for improving the results of the professional activity by active engagement in the characterization
workshops and by peer-review of classmates' analyses

3. Ability to prepare written reports and to publicly defend/support these reports

8. Contents

8.1. Course

Course/ Seminar topic

Teaching and learning

methods Remarks

8.1.1. Introduction: transient species and reaction intermediates
in chemistry and biochemistry; classification (radicals,
carbenes, nitrenes, carbocations/anions, excited states, enzyme
intermediates); lifetimes from fs to minutes; why and how we
characterize them.

Presentation; Explanation;
Conversation; Description;
Debate




8.1.2. Kinetic frameworks for mechanistic analysis: elementary
rate laws, pre-equilibrium and steady-state approximations, the
Curtin-Hammett principle; kinetic isotope effects (KIE) as
mechanistic probes; Hammett and Marcus analyses.

Presentation; Explanation;
Conversation; Description;
Debate

8.1.3. Rapid-mixing methods: stopped-flow (photometric and
fluorescence detection), continuous-flow, rapid chemical
quench, rapid-freeze quench for EPR and Mossbauer; dead-
time, mixing efficiency, and design considerations.

Presentation; Explanation;
Conversation; Description;
Debate

8.1.4. Pulse radiolysis and flash photolysis: generating reactive
intermediates photochemically and radiolytically; coupled
spectroscopic detection; the classic Norrish—Porter experiments
and modern laser flash photolysis.

Presentation; Explanation;
Conversation; Description;
Debate

8.1.5. Time-resolved optical spectroscopy (UV-Vis): femto-,
pico-, nano- and microsecond pump-probe methods; global and
target analysis; spectral deconvolution of overlapping
transients.

Presentation; Explanation;
Conversation; Description;
Debate

8.1.6. Time-resolved vibrational spectroscopy: transient IR,
transient Raman and resonance-enhanced Raman for the
detection of bond-specific transients, including metallo-enzyme
chromophoric intermediates.

Presentation; Explanation;
Conversation; Description;
Debate

8.1.7. EPR spectroscopy of paramagnetic transients:
continuous-wave and pulsed EPR; HYSCORE and ENDOR;
spin-trapping with DMPO/PBN for short-lived radicals;
Mdssbauer spectroscopy of iron-containing intermediates.

Presentation; Explanation;
Conversation; Description;
Debate

8.1.8. Transient NMR, CIDNP and parahydrogen-induced
polarization (PHIP) for detecting radical-pair intermediates;
freeze-quench NMR approaches; low-field NMR for in-situ
monitoring.

Presentation; Explanation;
Conversation; Description;
Debate

8.1.9. Matrix isolation and cryogenic trapping of reactive
intermediates: noble-gas and N2 matrices; low-temperature
IR/UV/EPR; isolation of carbenes, nitrenes, and open-shell
transition-metal species.

Presentation; Explanation;
Conversation; Description;
Debate

8.1.10. Mass-spectrometric detection of transient species: on-
line ESI-MS and cryo-MS of reaction intermediates; hydrogen-
deuterium exchange mass spectrometry (HDX-MS) for protein
conformational intermediates.

Presentation; Explanation;
Conversation; Description;
Debate

8.1.11. Time-resolved X-ray crystallography (Laue diffraction,
serial femtosecond crystallography at XFELs) and cryo-EM
snapshots; XAS/EXAFS of metallo-enzyme intermediates;
integrating structural with spectroscopic data.

Presentation; Explanation;
Conversation; Description;
Debate

8.1.12. Integrated case studies with computational (DFT,
QM/MM) support: cytochrome P450 Compound I, the oxygen-
evolving complex of photosystem II, ribonucleotide-reductase
tyrosyl radical, carbene/nitrene intermediates in transition-
metal catalysis.

Presentation; Explanation;
Conversation; Description;
Debate
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8.2. Seminar/ laboratory

Course/ Seminar topic

Teaching and learning
methods

Remarks

8.2.1. Landmark-paper workshop: how was cytochrome P450
Compound I identified and characterized? Close reading of
Rittle & Green (Science, 2010) and precursor studies.

Conversation; Learning by
discovery; Problem solving;
Critical reading

8.2.2. Stopped-flow data workshop: pseudo-first-order analysis
of a biphasic kinetic trace; extracting k_obs, identifying
concerted vs. stepwise pathways.

Conversation; Learning by
discovery; Problem solving;
Critical reading

8.2.3. Rapid-freeze EPR: close reading of Bollinger & Stubbe
on the ribonucleotide-reductase radical intermediate;
recognizing transient EPR signatures in a time-course.

Conversation; Learning by
discovery; Problem solving;
Critical reading

8.2.4. Flash photolysis in its classical form: reading Norrish &
Porter (Nature, 1949/1950); reconstructing the kinetic analysis
of the first recorded transient traces.

Conversation; Learning by
discovery; Problem solving;
Critical reading

8.2.5. Ultrafast pump-probe workshop: distinguishing solvent
heating/coherent artefacts from genuine photoproduct signals
in a transient-absorption spectrum.

Conversation; Learning by
discovery; Problem solving;
Critical reading

8.2.6. Time-resolved vibrational spectroscopy case: ligand
rebinding to myoglobin (Austin & Frauenfelder, Biochemistry,
1975); CO-rebinding kinetics and geminate pairs.

Conversation; Learning by
discovery; Problem solving;
Critical reading

8.2.7. Spin-trapping exercise: reading a reactive-oxygen-
species paper and identifying the signature DMPO-OH/DMPO-
OOH EPR patterns.

Conversation; Learning by
discovery; Problem solving;
Critical reading

8.2.8. Matrix isolation classic: close reading of a paper on
methylene (CHz) or another carbene in a noble-gas matrix;
what did the low-temperature IR actually prove?

Conversation; Learning by
discovery; Problem solving;
Critical reading

8.2.9. Online-MS of enzyme intermediates: reading a study that
uses ESI-MS to monitor a catalytic cycle; identifying transient
m/z signals and quantifying populations.

Conversation; Learning by
discovery; Problem solving;
Critical reading

8.2.10. Time-resolved diffraction: reading a paper on serial
femtosecond crystallography of a transient state (e.g.,
Schlichting et al. on photolysed carbonmonoxy-myoglobin).

Conversation; Learning by
discovery; Problem solving;
Critical reading




8.2.11. Computational support: reading a DFT/QM-MM study
that corroborates the assignment of a transient species;
evaluating the agreement between theory and spectroscopy.

Conversation; Learning by
discovery; Problem solving;
Critical reading

8.2.12. Final presentations: students defend an integrated
critical-analysis essay on one chosen transient species or case
study, responding to questions and counter-arguments.

Conversation; Learning by
discovery; Problem solving;
Critical reading
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9. Evaluation

Type of activity

9.1 Evaluation criteria

9.2 Evaluation methods

9.3 Percentage
in the final
grade

9.4. Course

Correctness of answers — proper
understanding and learning of notions and
concepts discussed during lectures; correct
use of learned concepts within new
contexts.

Correct solving of the problems as part of
the examination subjects.

Written report with critical
analysis of a chosen case

50%

9.5. Seminar/
laboratory

Correctness of answers — proper
understanding and learning of notions and
concepts discussed during seminars;
correct use of learned concepts within new
contexts.

Quality of reports, and quality of the final
oral defense.

Final oral colloquium with
defense of rebuttal essay

50%

9.6 Minimum standard for passing

Adequate knowledge of at least one case study per major technique family (rapid mixing; flash photolysis / pulse
radiolysis; time-resolved optical spectroscopy; time-resolved vibrational spectroscopy; EPR / Mdssbauer; time-
resolved diffraction / XAS; mass spectrometry of intermediates); demonstrated ability to critically read and defend a
primary paper reporting a transient-species characterization.

10. SDG labels (Sustainable Development Goals)




(Select a single SDG label that best matches the subject; if none applies, select "No label applies". The Quality Education label has

been selected for this course.)
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