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PUERTO RICO: ISLA DEL ENCANTO



ARECIBO OBSERVATORY

Arecibo Observatory: Used to the BIGGEST (1000 ft) radio telescope in the 
World! Collapsed on 1st December 2020!

1995 James Bond movie 
Goldeneye with Pierce Brosnan

1997 Jodie Foster movie Contact



CASA BACARDI

Bacardi Rum main factory in Catanio



CULEBRA BEACH

Flamenco Beach (Ranked #2 in the top 10 most exotic beaches in the world)!



CAVES & UNDERGROUND RIVER

Camuy River Cave (700 ft length, 215 ft high) National Park. Third-
largest underground River in the world!

Stalactites, 
Stalagmite
(CaCo3)



THE RAIN FOREST: EL YUNQUE

The El Yunque National Forest is the sole tropical rain forest in the U.S.
National Forest System. Area 28, 516 acre, Luquillo Mountatin- 3,533 ft.
Rainfall- 508 cm/annum.



UPR RIO PIEDRAS CAMPUS (UPRRP) IN SAN JUAN



UPR-RP  SAN JUAN

UPR-RP is the oldest (Est. 1903) and biggest
public educational institute in PR located in
the capitol city of San Juan. It serves about
20,000 students, of which 20% are graduate
students (MS/PhD). It is recognized by
the Carnegie Foundation for the Advancement
of Teaching (CFAT) is a US based education
policy and research center as a research
university "high research activity" (RU/H). Its
academic offerings range from
the bachelorette to the doctoral degree,
through 70 undergraduate programs and 19
graduate (MS/PhD) degrees with 71
specializations in the basic disciplines and
professional fields.



BNL-MSI PREP-NPT, 2021-2023- UPR
Program for Research Excellence and Preparation via Nuclear Physics Traineeships

• BNL (Lead-NP groups and Office of Educational 
Programs), Univ. Puerto Rico (UPR),  Florida 
A&M, Howard, Morgan St, Texas Southern.

• Goals: Provide research opportunities to UPR 
students & Faculty at BNL and support 
underrepresented Hispanic students to pursue 
career in NP.

• Trainees: Total # 4 students, (2-graduated, 2-
working)

• Results: 2 in graduate schools (1 MSU-PhD, 1 
UPR-MS, 2 continuing undergrads)

Julio Alejandro Joniel Mendez

BNL summer Internship-2023



BNL-MSI PREP-NPT, 2021-2023- UPR
Program for Research Excellence and Preparation via Nuclear Physics Traineeships

Julio Alejandro Joniel Mendez

BNL summer Internship-2023

Joniel- Summer 2023 Project: Effect of strain on spin
polarized electron in GaAs semiconductor thin films.



UPR-BNL Collaboration

Christie Nelson



Scholarly Partnership in Nuclear Security (SPINS) Consortium

Grant No. DE-NA0003980 



SPINS Consortium: Nuclear Detection 
PROJECT OBJECTIVES

The overall goal of this consortium is to develop the state-of-the-art research
in nuclear security, radiation detection systems, and nuclear
nonproliferation.

1. Improve radiological and nuclear detectors capable of remote 
deployment and operations at room temperature without cryogenic 
cooling. 

2. Develop highly skilled next-generation technical workforce for DoE/NNSA.

3. Build STEM capacity and lasting collaborations with DoE/NNSA    
facilities/labs



Overview of SPINS Research at UPR- 2023

Alexis Acevedo
(PhD Student) 

Dinorah Martinez
(PhD Student) 

Rosemary Cortes
(MS Student) 

Vincent Merrero
(MS Student) 

Julio Alejandro Joniel Mendez Alejandro Soledad Jeansel Johnson
Jaileen Caicedo

Undergraduate Research Students



Students trained in Nuclear Physics Research (2020-2023)

UPR students at BNL-March 2023

Julio Alejandro Joniel Mendez Jaileen Caicedo

SPINS+NPT SPINS+NPT SPINS+SULI



Radiation Detection & Bioremediation

• Growth and characterization of Al-doped ZnO thin films
for radiation detection

• Calculation of bandstructure and optical properties by
DFT

• Electrochemical Bioremediation of Uranium (VI) Using
Geobacter sulfurreducens on Boron-Doped Diamond
Electrode Surface

• Uranium Uptake Using Nano Zerovalent Iron (nZVI)
Particles for Environmental Remediation Applications

R. Palai

C. Cabrera



Semiconductor Radiation detections

On semiconductor detectors, incoming ionizing radiation produce
electron-hole pairs that are collected on the ohmic contacts.

The number of electron-hole pairs are proportional to the energy of the
ionizing radiation and also encode information about its intensity.



Semiconductor Radiation detectors

The major drawback of germanium (HPGe)
detectors is that they must be cooled
to liquid nitrogen temperatures to produce
spectroscopic data.

At present silicon and germanium
detectors are the preferred
detectors for X-ray and -rays and
provide the highest achievable
energy resolution. Although both
provide excellent energy
resolutions both have
disadvantages; silicon only proves
efficient for the detection of
charged particles and low energy -
rays while germanium requires
significant cooling to perform well.

The thickness of material required to reduce 
the intensity of typical gamma rays to 1% of the 
original value.



CdZnTe Radiation detectors

DOI:10.13140/RG.2.2.22915.3024

http://dx.doi.org/10.13140/RG.2.2.22915.30248


ZnO:Al contacts on CdZnTe detectors
 CdZnTe (CZT) detectors have been used as the
primary candidates for x-ray and gamma detection in
the fields of nonproliferation, national security and
medical imaging, making the study of them of high
importance. Despite the various advances made, the
stability of the metal contact to CZT needs
improvement to better the match of thermo-physical
properties in the interfacial region.

CdZnTe detectors can operate close to room
temperature. They have long term durability problems
due to the incompatibility of the ohmic contacts.

ZnO:Al contacts have better compatibility with
CdZnTe solving the compatibility issue.

CdZnTe detector
with conventional
Au contacts.
Ref: Baltic Scientific
Instruments.



https://link.springer.com/article/10.1007/s11164-018-03729-5/figures/5

Recently it has been found that Al-doped ZnO (ZnO:Al) can
replace gold contacts in CdZnTe (CZT) detectors. AZO can be used
as an electrode material because its matching of the thermal
expansion coefficient to that of CZT. This decreases the thermal
stress at the interface, causing an increase in the adhesion and
decrease in the degradation of the detector. Doping ZnO with Al
increase its thermal stability, reduces the resistivity, and increases
the carrier concentration and conductivity.

CdZnTe detector
with conventional Au
contacts.
Ref: Baltic Scientific 
Instruments.

ZnO:Al contacts on CdZnTe detectors



Radiation Detectors

From 1944 to 1986, nearly 30 million tons of uranium ore were
extracted from Navajo lands under leases with the Navajo Nation.

Navajo Nation has about 500 abandoned uranium mines (AUMs).

Potential health effects include lung cancer from inhalation of
radioactive particles, as well as bone cancer and impaired kidney
function from exposure to radionuclides in drinking water.

https://www.npr.org

The federal government is cleaning up a long legacy of uranium mining within 
the Navajo Nation — some 27,000 square miles spread across Utah, New 
Mexico and Arizona that is home to more than 250,000 people.



CZT Radiation Detectors

A 1 cm3 CZT crystal has a sensitivity range of 30 keV to 3 MeV with a 2.5% FWHM energy
resolution at 662 keV. Pixelated CZT with a volume of 6 cm3 can achieve
0.71% FWHM energy resolution at 662 keV and perform Compton imaging.

A YanDavos radiation sensor system based
on a 1 cm3 CZT crystal, deployed on a Boston
Dynamics Spot quadruped robot for
radiation mapping in the Chernobyl
Exclusion Zone.

Kromek monolithic CZT detector. 



Molecular Beam Epitaxy (MBE) 

• Plasma assisted MBE
• Six effusion cells : Ga, In, Al, N, (Two dopant cells- Gd, Yb)
• In situ reflection high energy electron diffraction (RHEED)
• RGA- Residual gas analyzer
• XPS- X-ray photoelectron spectrometer 

SPINS Project:
In1-xGaxN:Gd,
Direct Bandgap
N-type & P-type 

Eg = 1.5 eV



Pulsed Laser Deposition (PLD)

SPINS Project: PLD
• Growth of oxide 

buffer layers
• CdZnTe detector 

electrodes 



Thin Film Growth: Sputtering

I-V Measurement setup

RF & DC Sputtering system

• RF Sputtering
• Inert gas: Argon
• Power 200 W
• Target distance: 56 mm
• Base Pressure: x10-6 Torr
• Deposition Pressure: 6.6x10-2 Torr
• Deposition time: ~1.5 hr



UPR Research Facilities: Sputtering & Photolithography 

I-V Measurement setup
RF & DC Sputtering system Photolithography

SPINS Project: RF & DC Sputtering
CdZnTe, CdTe, & CdGdTe Thin Films growth
Metallization- Ohmic contact & I-V measurements 



Overview of SPINS Research at UPR

• Growth and characterization of Al-doped ZnO thin films
by Sputtering on Silicon & Glass substrates

• ZnO and Al-doped ZnO (AZO) Band structure and optical
properties calculation by DFT

• Electrochemical Bioremediation of Uranium (VI) Using
Geobacter sulfurreducens on Boron-Doped Diamond
Electrode Surface

• Uranium Uptake Using Nano Zerovalent Iron (nZVI)
Particles for Environmental Remediation Applications.

R. Palai

C. Cabrera



Bioremediation of Uranium 

Electrochemical Reduction of Uranium (VI) with Geobacter sulfurreducens
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Uranium Uptake Using Nano Zerovalent Iron (nZVI) Particles for Environmental 
Remediation Applications

U2O 2+

ions

 Industrial and demographic growth in
urban areas has increased uranium
metal pollution.

 Uranium (U) is a toxic heavy metal
that can be responsible for liver and
kidney damage, anemia, infertility,
and mental retardation among other
consequences.Health Effect of Uranium

nZVI mechanism.

Bioremediation of Uranium 

 In this study we evaluate the nZVI
superficial and structural changes
occurring during the U sorption
process for environmental
remediation applications.



Simulation of  wastewater concentration analysis.

33

Prepare a 193ppm 
lead solutions in 

HNO3 at pHs range 
2-8.

Add the nZVI into 
the solution.

Measure initial pH.
Then every 20 

minutes take an 
alicuote and 

measure the pH.

Centrifugate the 
solution 

UO2
2+-nZVI residues particles

Testbed
Wetlands in Puerto Rico

Metal Sample 1
(Concentration in 

water)

Sample 2
(Concentration in 

water)

Sample 3
(Concentration in 

water)

EPA maximum 
contaminant level in 

drinking water 
(concentration)

Uranium 10 ppm 2 ppm 4.7 ppm 0.2 ppm

Las Cucharillas Marsh at Cataño, PR.

Pterocarpus Zone and 
Mangrove Zone

(Near to Yields 1-3)

Inductively Coupled Plasma-Optical Emission Spectroscopy (ICP-OES) 
Results at “Las Cucharillas” Mash
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Evaluate UO2
2+ removal efficiency at different pHs by ICP-OES analysis

Schematic illustration of UO2
2+ synthetic wastewater analysis.

Wetlands near at Nuclear Power Plant , Rincon
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Bioremediation of Uranium 



WHAT DON’T WE KNOW?



Is it possible to create magnetic

semiconductors that work at room

temperature? P. 82

Science, 309, 78-102 (2005)

WHAT DON’T WE KNOW?



Magnetoelectric Multiferroics: BiFeO3

0.5 min

2.0 min

Spin-charge-lattice interactions in magnetoelectric multiferroics with ferromagnetic, ferroelectric, and
ferroelastic order parameters.

R. Palai, et al. PRB 77, 014110 (2008)



Spin-glass transitions: SrRuO3 Thin Films

Tc= 160K, =0.313,
3D Ising type,
(theory = 0.326)

Tc= 150K, =0.369, 3D
Heisenberg type, (theory
= 0.367)

R. Palai, et al. PRB 79, 104413 (2009)



SUPERCONDUCTIVITY: HTS



SPINS Research at UPR: HS Summer Program



Summary
Opportunities:

• Having a Nuclear Physics –concentration/program in undergraduate/graduate
curriculum will provide excellent opportunity to UPR students to pursue higher
studies/research in NP .

• Involving underrepresented students in nuclear physics research will be provide
better employment opportunity and meet the Nation’s demand in nuclear
workforce.

Obstacles:
• Need fellowships for Graduate students.
• Need some funding support to set up nuclear physics teaching lab.

Future Plans:
We submitted a new proposal “BNL-MSI Fellowship Program for Research
Excellence and Preparation in Nuclear Physics” PI: Mickey Chu. If the
proposal get funded, we will involve more UPR students in NP traineeship
to work at BNL.


