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Growing up in rural northern Virginia with engineers as parents led me to be naturally 

inquisitive of my surroundings. Childhood trips took me up and down the East Coast, and 

through Colorado, California, and Vietnam. Whether it was a road trip, a flight, or a walk 

through the woods, I always wanted to know what everything was and how it worked. When our 

parents managed to coerce us indoors, my brother and I would hide under my bed and mix 

various soaps, mouthwash, and other assorted items out of curiosity to discover the best “super” 

cleaning product—in retrospect, probably not the safest of activities.  

Nevertheless, this fledgling curiosity for chemical reactions led me to eventually enroll in 

AP Chemistry in high school, which became my favorite class and inspired me to attend Virginia 

Tech as a Chemistry major. I loved the puzzle-like nature of the problems we had to solve in 

class, especially when finding the answer involved lab experimentation. Then my best friend 

suggested I take the physical geology course with him, and the first lecture captivated my 

attention like no other. As I learned more about the field of Geosciences, I discovered the field of 

Geochemistry and added it as a dual degree with Chemistry. I found it fascinating that factors on 

an atomic scale can have effects of planetary magnitude. Still wanting more, I recall thinking, “I 

want to explore new processes and venture into new territories, not repeat what has been done.” I 

searched for hands-on opportunities to not only apply what I was learning in my coursework but 

also engage in scientific discovery, which led me to undergraduate research.  

My research experiences at Virginia Tech began in the Sedimentary Systems Lab of Dr. 

Brian Romans. My project goal was to characterize thin sections from a reservoir in the Tres 

Pasos formation and determine relationships between the sediment quality and the sampling 

location within the reservoir. While I loved the discovery aspect of the research, I wanted to be 

able to utilize my background in chemistry by working in a wet lab and conducting experiments. 

Accordingly, my next set of research experiences, then, were in the biogeochemistry lab of Dr. 

Patricia Dove, a member of the National Academy of Sciences. Conducting research in Dr. 

Dove’s lab has shown me how truly complex natural systems are, and how necessary 

interdisciplinary research is for their interpretation.  My research was at the interface of materials 

science, chemistry, geology, and biology, leading to two manuscripts in preparation for 

publication. 

My first project introduced me to research at the intersection of geochemistry and 

biomineralization. I quantified the distribution of elements in the chitin, protein, and calcium 

carbonate (CaCO3) components of an American Lobster’s exoskeleton and determined the 

relationships to the function of body parts. This project led me to learn dissection techniques, 

chemical extractions from tissues, and inductively coupled plasma optical emissions 

spectroscopy analyses. I presented my findings in poster sessions at GSA, AGU, and 

Undergraduate Research Symposiums in both the Chemistry and Geosciences Departments. 

Currently, I am preparing another poster in which I will present my final conclusions at the AGU 

Fall 2017 Meeting in New Orleans. Additionally,  my undergraduate lab has submitted a paper 

on which I will be a co-author that includes my experimental results and geochemical data from 

this project to the Proceedings of the National Academy of Sciences (PNAS).  

My second project quantified the magnesium dependence of the solubility and local 

structure of amorphous calcium carbonate (ACC) at standard temperature and pressure. This 

project exposed me to numerous analytical techniques including x-ray diffraction and scanning 

electron microscopy. A particularly exciting part of the study was the opportunity to conduct 

experiments at the synchrotron facility at Argonne National Laboratory. The findings of this 



project were presented at the Fall 2016 AGU Meeting and will be part of a publication on which 

I will be a co-author. My experiences in Dr. Dove’s lab kindled in me a passion for research, 

reminding me why I was drawn to chemistry in the first place: it is a puzzle. Each data point, 

each observation, and each conclusion are pieces which, when put together, reveal a picture of a 

process we know little about. I learned that the research process is never-ending– the puzzle 

infinitely expands. With new knowledge comes new questions, in a continuous cycle. Through 

research, I also gained a newfound motivation to teach and mentor undergraduate students. The 

mentorship I received from Dr. Dove and her Ph.D. student, Sebastian Mergelsberg, was 

invaluable and showed me the degree of influence mentors can play in nurturing students’ 

curiosity. I aspire to have the same effect on students I mentor in the future, helping the unlock 

and achieve their potential. 

I began tutoring fellow undergraduates in chemistry courses during my sophomore year. I 

enjoyed it so much that I became a teaching assistant for the General Chemistry sections for the 

remainder of my time at Virginia Tech, teaching a total of four recitation sections with 20-30 

students each. In order to reach more students, I began privately tutoring as well. These 

experiences affirmed my desire to teach; helping a student achieve that “Eureka!” moment is 

priceless. I am continuing my development as a teacher this fall quarter at UCLA, as a teaching 

assistant for Introduction to Environmental Science. This will be an especially rewarding 

experience because I will be helping develop a new curriculum for the course and revamping the 

lab exercises. 

In addition to teaching and research, I have also benefitted from industry experience in 

geochemistry. This past summer, I interned with S.S. Papadopulos & Associates, an 

internationally recognized environmental consulting firm, working with Dr. Keir Soderberg on a 

range of geochemical projects, including: 1) determining interactions of groundwater with 

recycled concrete to mitigate carbonate precipitation in pipes and pH spikes in groundwater, 2) 

contrasting two of EPA’s analysis methods (8260 and 8270) for measuring naphthalene 

concentrations in water, 3) creating a framework for a stable isotope-mixing model to identify 

the sources of perchlorate contamination, and 4) analyzing the distribution of polychlorinated 

biphenyls in different environmental phases using a fugacity model. This breadth of work trained 

me in a number of different analytical methods and exposed me to the utility of geochemical data 

in real-world systems. 

In my first year as a graduate student, the coursework and unique resources I have access 

to allow me to pursue my passion for interdisciplinary research. My coursework includes 

physical geochemistry, biochemistry, chemistry, computer science, and math, and will prepare 

me for a career in research. My graduate research will use knowledge from my courses in 

conjunction with my previous research experience.  In my advisor’s lab, which includes mass 

spectrometers engineered to analyze rare isotopes at high precision, I have a unique opportunity 

to capitalize on both my background with ACC and my experience with other forms of mass 

spectrometry to trace isotope signatures through this crystallization pathway for calcite. 

I am also excited about being involved with the Center for Diverse Leadership in 

Science, an initiative to provide opportunities for people from underrepresented groups to pursue 

STEM education and research. The work of this center is a logical outlet for my passions for 

science communication and advocating for diversity in STEM. I have previously attended 

workshops offered through AGU’s Sharing Science program and I have applied to initiatives 

such as I’m a Scientist! to hone my skills to effectively communicate scientific topics to non-

scientists. As a gay man, I especially want to connect with the LGBTQ+ community through 



outreach and collaboration with organizations that advocate for these groups, such as Out in 

STEM (oSTEM), the National Organization of Gay and Lesbian Scientists and Technical 

Professionals (NOGLSTP), and the Los Angeles Gay and Lesbian Scientists (LAGLS). 

Additionally, the resources available at UCLA as well as the large LGBTQ+ community in Los 

Angeles uniquely situate me to connect to LGBTQ+ youth. I am founding a new organization for 

LGBTQ+ students in STEM at UCLA (called Queers in STEM) to fill a gap in identity-based 

STEM organizations on campus. Our goal is to promote inclusivity in STEM and to empower 

people. Initially, the group will be a space for engaging in dialogue about research and the 

unique experiences of LGBTQ+ people in these fields, and will provide role models. As we gain 

more membership, we are planning to host professional development events, invite speakers who 

are LGBTQ+ STEM professionals in academia and industry, and send members to research 

conferences such as that hosted by oSTEM. We also plan to do outreach in the Los Angeles area 

by teaming up with Project 1, an existing group at UCLA that mentors local LGBTQ+ middle 

and high school students. Our ultimate goal is to bring these high school students along with 

undergraduate students into labs to conduct experiments with graduate students and professors to 

provide an opportunity for them to experience research first-hand.  

My upbringing, undergraduate research, and teaching experiences have motivated me to 

cultivate a career in academia with the goals of conducting research,  mentoring and teaching 

undergraduate students, communicating science, and advocating for diversity and inclusivity in 

STEM. My experiences have made me realize that for the rest of my career, I want to add pieces 

to the puzzle by conducting cutting-edge research, pushing the boundaries of what we know. At 

the same time, I want to instill a drive and curiosity in high school and undergraduate students 

through mentorship and providing opportunities to work in the lab, and to share the importance 

of science and translate complex topics to others through science communication. I want to 

advocate for diversity in science, as it is a major proponent of progress, and to reach out and give 

back to the LGBTQ+ community by challenging stereotypes of who goes into STEM, and by 

providing opportunities to visit and work in a research lab. Being an NSF Fellow would help me 

to focus on developing as a researcher, mentor, and communicator, and allow me to contribute to 

developing a more diverse and inclusive community of research scientists.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Rob Ulrich NSF GRFP Proposed Research Statement – submitted 2017 

 

Proposed research: Using multiple geochemical tracers to shed light on a newly-discovered 

major mineral formation pathway for biominerals 

 

A series of landmark studies have recently demonstrated that many calcitic and aragonitic 

minerals produced by organisms first begin as an amorphous, metastable precursor, challenging 

the conventional model of crystal growth through ion-by-ion attachment1-3. This remarkable 

phenomenon has now been observed in taxa as wide-ranging as sea urchin, coral, mollusks, and 

foraminifera1-3. Therefore, the overarching research question I propose to address is: How 

does crystallization from an amorphous precursor affect geochemical tracers in the 

resulting mineral lattice?  

The processes involved in the formation and transformation of minerals by living 

organisms have broad implications for a diverse range of fields, including geobiology, 

geochemistry, sedimentary geology, geological engineering, material science, tissue engineering, 

physical chemistry, astrobiology, and paleoclimatology. Amorphous calcium carbonate (ACC) is 

poorly ordered and can thus be can be thought of as a non-crystalline substance—akin to a liquid 

or gel—comprised of hydrated calcium carbonate (CaCO3·nH2O). This highly disordered 

substance eventually transforms, sometimes through intermediate phases, into a highly ordered 

calcium carbonate mineral. Although first reported decades ago, new imaging techniques have 

proven the importance of this phase in a wide array of biological and abiotic systems, leading to 

the discovery that ACC is a major mineral formation pathway that contrasts classical monomer-

by-monomer addition.     

This finding has profound implications for our understanding of geochemical signatures 

in biominerals. The widespread mineralization of calcites from ACC raises the question of 

how this pathway influences chemical and isotopic composition. When and where the 

isotopic signatures are recorded during precipitation and calcification of ACC intermediates has 

significant implications for proxies used to reconstruct environmental conditions (e.g. ocean pH, 

temperature, redox potential, and productivity) that are based on compositions and isotopic 

signals contained in biominerals. Processes that involve ACC may record the conditions at the 

time of initial ACC formation––or during crystallization. Hence, the transformation itself may 

determine biomineral composition and thus what is measured in the proxies. One recent study 

suggested, for inorganic experiments, that the transformation of ACC to calcite is dominated by a 

dissolution-reprecipitation mechanism4, implying the isotopic signatures recorded by the initial 

formation of ACC are largely replaced to produce calcites with signatures that reflect the 

solution composition at the time of transformation.  

 I propose a three-pronged approach using multiple geochemical tracers in 

inorganically and biologically precipitated carbonates to study this mineral formation 

pathway. 1) Using a series of carefully-controlled experiments and following established 

methods that I have previously used4,5, I will test the hypothesis that significant isotopic changes 

associated with ACC transformation occur as a highly-ordered mineral lattice develops. I will 

grow ACC and evaluate how the composition of the product is modified upon crystallization, 

determining the calcium isotope, carbon, oxygen, and clumped isotope composition on ACC 

formation and characterizing how it evolves. I will characterize the substances from formation 

through complete transformation using scanning electron microscopy (SEM) and x-ray 

diffraction (XRD). Isotopic measurements will be made at UCLA and at the University of 



Cambridge, and SEM and XRD measurements will be made at the California Nanosystems 

Institute. 2) I will conduct an in-depth study of cultured biogenic carbonates grown under the 

same conditions6 and use the same isotopic tracers to test hypothesis that significant differences 

in isotopic composition exist between organisms that do or do not have an amorphous precursor. 

Statistical tests (e.g. ANOVA) will be used to assess if there are significant differences between 

groups. This work will involve additional collaborators: geobiologists Justin Ries at Northeastern 

University and Robert Eagle at UCLA. 3) I propose to utilize computational molecular dynamics 

to study the geochemical composition of ACC and the potential changes that occur as it 

transforms, for comparison with the above data, building on recent work in computational 

geochemistry7-9. This work will be done with collaborators Bruce Watson (RPI), Nick Lanzillo 

(IBM), and Edwin Schauble (UCLA).  

The proposed research will provide a new window into the transformation of ACC into 

calcite and the impact that it has in a range of systems, using a combination of methods. The 

results of this work will have significance for proxies including the assessment of mineral 

equilibrium in carbonates, and the origin of non-equilibrium fractionations (e.g. “vital effects”) 

in biogenic carbonates.  
 

Broader Impacts: A better understanding of this process and similar processes has direct 

implications in a diverse range of fields:7 1) Improving paleoclimate reconstructions based upon 

the understanding of chemical and morphological characteristics of biological and inorganic 

minerals in the sedimentary record (e.g. 13C-18O carbonate paleothermometer calibration, 

understanding the origins and evolution of skeletal structures, etc.). 2) Improving environmental 

remediation efforts through gaining insight into the role of earth materials in biogeochemical 

cycling of nutrients and metals (e.g. insights into properties of environmental mineral phases 

involved in elemental uptake/release). 3) Improving nanomaterials design and synthesis via 

similar pathways for numerous applications (e.g. improved photovoltaic, -catalytic, photonic, 

and thermoelectric materials; biomedical calcification and cementation). 4) Improving open-

framework material development (e.g., zeolites, metal organic frameworks) for CO2 capture, H2 

storage, emissions control, biomass conversion, molecular separations, and biofuel purification. 

This work will be distributed to the scientific community through presentations at 

conferences, peer-reviewed literature publications, and archiving of work in online databases 

including EarthCHEM. I plan to ensure it reaches colleagues in fields from geology, 

geochemistry, chemistry, and materials science, by participating in meetings on the UCLA 

campus such as at the California Nanosystems Institute, and off-campus meetings such as at the 

American Chemical Society annual conference and AGU, which cut across multiple disciplines.  

I am also uniquely situated to extend broader impacts to the LGBTQ+ community. As a 

gay man, I will be an advocate for diversity in STEM, for I am a firm believer that the most 

progress results from having contributors from a range of backgrounds collaborating on a 

problem. Through my participation in organizations that promote the participation of LGBTQ+ 

students in STEM fields and the founding of a new organization at UCLA (Queers in STEM), I 

will recruit community college and UCLA students to become involved in my research project, 

in public outreach, and support their career development. 
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