
AFRL-AFOSR-VA-TR-2023-0277

Experimental investigation of the nonlinear properties of NbX2 Hybrid LTMDs
(layered transition metal dichalcogenides) materials in the near-infrared spectral
region.

Anderson Gomes
Fundacao de Apoio ao Desenvolvimento da UFPE
Rua Academico Helio Ramos 336
Recife, , 50740-530
BR

02/17/2023
Final Technical Report

DISTRIBUTION A: Distribution approved for public release.

Air Force Research Laboratory
Air Force Office of Scientific Research

Arlington, Virginia 22203
Air Force Materiel Command

DISTRIBUTION A: Distribution approved for public release.



REPORT DOCUMENTATION PAGE

PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ORGANIZATION.

1. REPORT DATE
20230217

2. REPORT TYPE
Final

3. DATES COVERED

START DATE
20200930

END DATE
20220929

4. TITLE AND SUBTITLE
Experimental investigation of the nonlinear properties of NbX2 Hybrid LTMDs (layered transition metal dichalcogenides) materials in the near-infrared spectral region.

5a. CONTRACT NUMBER 5b. GRANT NUMBER
FA9550-20-1-0381

5c. PROGRAM ELEMENT NUMBER

5d. PROJECT NUMBER 5e. TASK NUMBER 5f. WORK UNIT NUMBER

6. AUTHOR(S)
Anderson Gomes

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)
Fundacao de Apoio ao Desenvolvimento da UFPE
Rua Academico Helio Ramos 336
Recife 50740-530
BR

8. PERFORMING ORGANIZATION
REPORT NUMBER

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)
Air Force Office of Scientific Research
875 N. Randolph St. Room 3112
Arlington, VA 22203

10. SPONSOR/MONITOR'S
ACRONYM(S)
AFRL/AFOSR IOS

11. SPONSOR/MONITOR'S
REPORT NUMBER(S)
AFRL-AFOSR-VA-TR-2023-0277

12. DISTRIBUTION/AVAILABILITY STATEMENT
A Distribution Unlimited: PB Public Release

13. SUPPLEMENTARY NOTES

14. ABSTRACT
The project Nonlinear Photonics in NbX2 (X=S, Se, Te) based Hybrid Layered Transition Metal Dichalcogenides (LTMDs) aimed at evaluating the nonlinear optical
properties of a particular family of Hybrid Layered Transition Metal Dichalcogenides (H-LTMDs), whereby LTMDs were modified with organic/inorganic materials in order to
enhance their nonlinear optical response. The two years project followed up NLO characterization of 04 different LTMDs, namely MoS2, WS2, NbS2 and ZrTe2, started in
a former project, which is being extended in the first year for six new LTMDs (MoSe2, MoTe2, WSe2, WTe2, ZrSe2 and NbSe2). The NLO characterization included
different spectro-temporal regimes, from femtosecond regime, normally associated with electronic response of the material, to the cw regime, which is associated with
thermal response. For the 04 materials initially studied, the reported work in the femtosecond regime was already published (see publication list), whereby the nonlinear
refraction and nonlinear absorption response in the femtosecond regimes were studied.
Another manuscript reported on the intensity dependent thermally induced nonlinear optical response of the 10 samples of 2D Layered Transition Metal Dichalcogenides in
Suspension (Acetonitrile) is under final review in ACS Photonics. The above work was carried out partially in 2020 and mainly in 2021/22. Finally, a manuscript on second
order nonlinear effects measured by Hyper Rayleigh scattering was published under the support of the former grant by AFOSR. In the second year (2022), besides
finalizing the thermal nonlinear response work, we studied the femtosecond time resolved nonlinear response of 04 LTMDs and two hybrid systems based on NbS2, using
the Optical Kerr Gate (OKG) method. The results are in final stage of manuscript elaboration for submission to scientific Journals.

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF:

a. REPORT
U

b. ABSTRACT
U

c. THIS PAGE
U

17. LIMITATION OF ABSTRACT
SAR

18. NUMBER OF PAGES
3

19a. NAME OF RESPONSIBLE PERSON
MARIBEL HARMON

19b. PHONE NUMBER (Include area code)
000-0000

Standard Form 298 (Rev.5/2020)
Prescribed by ANSI Std. Z39.18

DISTRIBUTION A: Distribution approved for public release.



FINAL REPORT ABSTRACT FOR GRANT FA9550-20-1-0381 
Nonlinear Photonics in NbX2 (X=S, Se, Te) based Hybrid Layered Transition Metal 

Dichalcogenides (LTMDs) 
 

Anderson S. L. Gomes, PI, UFPE, Brazil 
 
The project Nonlinear Photonics in NbX2 (X=S, Se, Te) based Hybrid Layered Transition 
Metal Dichalcogenides (LTMDs) aimed at evaluating the nonlinear optical properties of 
a particular family of Hybrid Layered Transition Metal Dichalcogenides (H-LTMDs), 
whereby LTMDs were modified with organic/inorganic materials in order to enhance 
their nonlinear optical response. The two years project followed up  NLO 
characterization of 04 different LTMDs, namely MoS2, WS2, NbS2 and ZrTe2, started in 
a former project, which is being extended in the first year for six new LTMDs ( MoSe2, 
MoTe2, WSe2, WTe2, ZrSe2 and  NbSe2). The NLO characterization included different 
spectro-temporal regimes, from femtosecond regime, normally associated with 
electronic response of the material, to the cw regime, which is associated with thermal 
response. For the 04 materials initially studied, the reported work in the femtosecond 
regime was already published (see publication list), whereby the nonlinear refraction 
and nonlinear absorption response in the femtosecond regimes were studied. Another 
manuscript reported on the intensity dependent thermally induced nonlinear optical 
response of the 10 samples of 2D Layered Transition Metal Dichalcogenides in 
Suspension (Acetonitrile) is under final review in ACS Photonics. The above work was 
carried out partially in 2020 and mainly in 2021/22. Finally, a manuscript on second 
order nonlinear effects measured by Hyper Rayleigh scattering was published under the 
support of the former grant by AFOSR. 
In the second year (2022), besides finalizing the thermal nonlinear response work, we 
studied the femtosecond time resolved nonlinear response of 04 LTMDs and two hybrid 
systems based on NbS2, using the Optical Kerr Gate (OKG) method. The results are in 
final stage of manuscript elaboration for submission to scientific Journals.  
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