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From Solution to Crystals: How Can We 
Make Better Materials?

Ortoll-Bloch Lab
Materials chemistry



Exploring crystallization pathways is important 
for many systems and applications

4

Metal 
ions or 
clusters

Organic 
linkers

Metal–organic 
framework

Metal–organic frameworks

MIL-53(Al) large-pore  phase MIL-53(Al) nove l phase

Increasing calcination temperature

Pharmaceutical crystals and cocrystals

Mefenamic acid–nicotinamide cocrystal

Additive-tuned crystallization of pharmaceuticals

Additive-free crystal growth

500 
µm

Polymer-mediated c rystal growth



Stemmler Laboratory

Applications of analytical chemistry to address questions in 
chemistry and biology

detection reagent 

or drug



Project 1: What are the identities of 
antimicrobial peptides (AMPs) present in 
lobster circulatory fluid? What provokes their 
production and what are their activities? 

Goals: Identify novel AMPs and enhance knowledge 
regarding the crustacean innate immune system



Approach: Use mass spectrometry, genomics, and 

transcriptomics to characterize AMPs from the lobster, 
H. americanus

Collect 
hemocytes 

(cells)

Extract 
AMPs

Purify 
and 

identify

Activity 
testing

Tools:
Chromatography

Bioinformatics
Mass Spectrometry



Project 2: What products are produced by 
photodegradation of pharmaceuticals with and 
without a photocatalyst?

Pollutant 

CO2 + H2O
(Ideal)

Photoproducts

Goals: To understand rates and degradation pathways 
relevant to remediating contaminated water



Approach: Use chromatography and mass spectrometry to 
monitor kinetics and identify photoproducts and assess 
photocatalyst efficacy 

No catalyst

With catalyst

Assess Kinetics

Identify 
photoproducts



The Gorske Lab: Synthesis of biomimetic molecules 
for chemical biology and catalysis 

protein-protein interactions

• cellular signaling

• Alzheimer’s disease
• cancer

 
 

common techniques
chemical synthesis – solution and solid phase

NMR spectroscopy and X-ray crystallographic analysis

HPLC purification and mass spectrometry

Protein binding assays 

n * interactions C–H  interactions

Synthesis of protein mimics for investigating the roles of 

cellular signaling in disease.



The Gorske Lab: Synthesis of biomimetic molecules 
for chemical biology and catalysis 

Developing enzyme mimics for trifluoromethylation 
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N. Shibata et al. Tetrahedron: Asymmetry 2008, 19, 2633.
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Chemicals in the Environment: Risk, Resistance and 
Responsibility

Dharni Vasudevan
Chemistry Department and Environmental Studies Program

dvasudev@bowdoin.edu
Druck/Cleaveland 156
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mailto:dvasudev@bowdoin.edu


Chemicals in the environment pose RISK

We use chemicals

Chemicals get 
out and move

Chemicals may cause problems

Life Sustaining     and    Life Endangering 
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OUR CURRENT FRAMEWORK

 Community must prove harm

 Chemicals are innocent until proven guilty 

 Harm is usually not a surprise

 The right to manufacture or dispose is presumed but the right to not be exposed has 

to be earned

 Burden of Proof: what counts as knowledge, what level of proof, and at what cost
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KNOWLEDGE GAP and REGULATORY GAP

https://www.eea.europa.eu/signals/signals-2020/articles/living-healthily-in-a-chemical-
world David Sedlak, July 2016



A Common Metal Catalyzed Dipolar 
Cycloaddition Platform for Natural Product 

Editing & Bioconjugation

Mahesh Peddibhotla, Ph.D. MS (Pharmacy)



Conventional Münchnone –Alkene Dipolar Cycloaddition Reaction

New Metal Catalyzed Reaction

Peddibhotla, S. e. al. J. Org. Lett. 2002, 4, 3533. & J. Am. Chem. Soc. 2004, 126(40), 12776-
12777.

1

32

atom economy



New Research & Innovation

Expanding scope & selectivity of reaction:

 amino acids – natural and unnatural
 N-acyl substituents – alkyl, aryl, heteroaryl, etc.

 Alkene electronic nature – electron poor, neutral, electron rich, 
 Alkene substitution - acyclic, exocyclic, cyclic, strained, etc.

 Lewis acid screening & tuning – Hard, medium, soft acids
 Chiral Ligands & influence on stereochemistry 

Fisk JS, Tepe JJ. J Am Chem Soc. 2007, 129(11):3058-9.

Evaluate biological activity
(anti-infective, anti-cancer,
CNS, metabolic)



Selective Natural Product Editing & Activity Evaluation

Functional Relevant
Biological Activity

sophocarpine zerumbonecarvone Macrosphelide A

Bioactive Alkene Containing Natural Products

Peddibhotla, et. al. J Am Chem Soc. 2007,129(40):12222-31
Robles O. et. al. Org Lett. 2012,14(6):1394-7



Bioconjugation, Target Validation & MOA studies

Peddibhotla, et. al. J Am Chem Soc. 2007,129(40):12222-31

Protein target



Biological Target Identification & Validation –
A key Bottleneck in New Drug Discovery

 Like target identification, target validation is a crucial 
step in drug discovery. 

 Target validation ensures that a molecular target is 
directly involved in a disease mechanism - MOA

 Direct modulation of the target needs to be correlated 
to have a therapeutic benefit in models and patients -
Efficacy

 Crucial evidence for further development



Image from 
Wikipedia

C6H12O6
+ O2

Protons and harnessing solar energy

The Takematsu Lab How do we convert light into 
the movement of charges?

Electrone
-

H+ Proton
CO2  
H2O



Photoacids: excited state proton transfer (ESPT)

2-naphthol 
(2OH)

pKa = 9.5

PDB: 
1IO4

+     
H3O+

2-naphthol 
(2OH)

pKa
* = 2.8

+     
H3O+

In the excited state, 
we can access different reaction 

pathways!
Review:  Agmon. JPC A 2004

including Weller & Förster, Laws & Brand, Tolbert & 
Haubrich, Huppert, Pines, Fleming, Gutman,  Fayer, 

etc. 



A Broad Range of Photoacids

Green Fluorescent Proteins

Aequorea Victoria  jellyfish

tyrosine
glycine

serine

Biomimetic model of chloroplast

Li et al. Angewandte Chemie 2019

Das et al. Chem. Comm. 2016

Photocatalysis Manipulation of polymers

Shi et al. JACS 2011

Hydrogel: before/after radiation

Imagination and creativity are 
parts of science



A Broad Range of Photoacids + Photobases

Green Fluorescent Proteins

Aequorea Victoria  jellyfish

tyrosine
glycine

serine

Biomimetic model of chloroplast

Li et al. Angewandte Chemie 2019

Das et al. Chem. Comm. 2016

Photocatalysis Manipulation of polymers

Shi et al. JACS 2011

Hydrogel: before/after radiation

Imagination and creativity are 
parts of science



Oliver, Gabby, 
Sean

The wonderful thing about science is the community and 
how it just keeps growing….

Takematsu 
Family

For the Takematsu lab:
ktakemat@bowdoin.edu

Chemistry 
Family

Takemats
u Lab

Check out posters 
next Friday by:

Ben Perman
Calvin Burke

Hannah
Crowley

Indy Pisitkasem
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Chemical tools to detect, discover, and 

disrupt sugars in bacterial pathogens

Dube Laboratory

Bowdoin College, Department of Chemistry & Biochemistry



Balonova, L., et al. Curr. Opin. Struct. Biol. 2008, 18, 544-550.

Bacterial sugars are critically important and difficult 

to study

Dube, D.H.; Champasa, K.; Wang, B. Chem. Commun. 2011, 47, 87-101. 



N3
N3

Calles-Garcia, D. and Dube, D. H. Curr. Opin. Chem. Biol. 2024, https://doi.org/10.1016/j.cbpa.2024.102453

Chemical probes based on bacterial sugars provide 

a platform to study bacterial glycans

https://doi.org/10.1016/j.cbpa.2024.102453


Identify host receptors that bind glycans

cross-linking 
sugar

h
trap & i.d.

bindersvs.

Discover glycans that bind host cells

assess binding 
& recognition

wildtype mutant

host cells

Evaluate role of glycans in driving cancer

symbiotic
in vivo 

adapted oncogenic

compare 
glycans

restore glycans

:Nu

h

=> enrich & identify CAZys

crosslink

Create probes to identify carbohydrate enzymes

Disrupt bacterial glycan biosynthesis

intact glycan inhibited glycan

decoy with 
glycan

Chemical probes based on bacterial sugars provide 

a platform to study bacterial glycans



Will 

Surks

Foje-Geh

Tendoh

Daniel 

Calles-Garcia

Sophie 

Nigrovic

Karen 

Moulton

Funding: NSF, Maine-INBRECollaborator: 

Suvarn Kulkarni 

Research is an inherently collaborative endeavor

Recent & Current Members of the Dube Lab:Lab bonding:



Transition Metals in 
Organic Chemistry



Why 
Transition 

Metals?

Variety
• Oxidation states 

available
• Number of ligands
• Geometry- d orbitals 

increase possibilities
• Ligand binding  

Periodic Properties
• If Co doesn’t work, 

maybe Rh or Ir will work



An Unselective Reaction 



Cone Angle

 Predict more favorable ratios with smaller cone angle



Organic Syntheses



Inorganic Syntheses



Inorganic Syntheses



Identification techniques



Identification techniques



Summer Research Opportunities at Bowdoin
And Key Dates for FUNDING

Chemistry Department Fellowships
Coles/Littlefield/Mayo summer research fellowships

https://www.bowdoin.edu/chemistry/student-research/fellowships/index.html

The program is open to all students* and 
provides the following support:

• $615/week stipend for 8-10 weeks  of 
full-time research

• Housing subsidy for the College
• Funding for research supplies

Applications are due on 
Friday, February 26, 2027 at noon



Institutional Fellowships (Requires faculty sponsor)
https://www.bowdoin.edu/student-fellowships/summer-opportunities/research-
fellowships/

https://www.bowdoin.edu/summer-opportunities/

Summer Research Opportunities at Bowdoin
And Key Dates for FUNDING





Summer Research Opportunities 
Beyond Bowdoin

• Programs at other universities:
NSF-REU programs: 
https://www.nsf.gov/funding/opportunities/reu-research-experiences-undergraduates
https://www.nsf.gov/funding/opportunities/che-reu-sites-chemistry-research-experiences-
undergraduates-sites
• Programs at governmental institutions:
National Institutes of Health (NIH), Bethesda, MD:
https://www.training.nih.gov/programs/ugsp
Internships at National labs: Los Alamos, Sandia, Pacific Northwest,
Argonne, Lawrence Livermore, NASA, JPL, and many others!
(https://www.lanl.gov/engage/collaboration/student-programs/undergrad for example)

• Programs and opportunities for International Students
https://www.sas.rochester.edu/chm/undergraduate/i-scholar.html
• Other programs at Bowdoin
https://www.bowdoin.edu/summer-opportunities/
Maine Community Fellowship, Global Citizens Fellowship, CXD Internship

https://www.training.nih.gov/programs/ugsp
https://www.bowdoin.edu/summer-opportunities/
https://www.bowdoin.edu/summer-opportunities/
https://www.bowdoin.edu/summer-opportunities/
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