
REPORT DOCUMENTATION PAGE AFRL-SR-AR-TR-04- 
Public reporting burden for this collection of information is estimated to averag^*? 1 honi' per response, includi 
gathering and maintaining the data needed, and completing and reviewing the collection of information. Ser 
collection of information, including suggestions for reducing this burden, to Washington Headquarters Servic 
Davis Highway, Suite 1204, Arlington, VA  22202-4302, and to the Office of Management and Budget, Pape 

0^50 
•ces, 
this 

rson 

1. AGENCY USE ONLY (Leave blank) 2.  REPORT DATE 3.    REPOhl    I TfC MNU UMIES UUVCnCLT 

01 Sep 2001 - 31 Aug 2003 FINAL 
4. TITLE AND SUBTITLE 

Modeling of Free Electron Laser Ablation II 

6. AUTHOR(S) 

Dr Garrison 

5.  FUNDING NUMBERS 
62227D 
0483/01 

7.  PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 

PENNSYLVANIA STATE UNIVERSITY 
110 TECHNOLOGY CENTER BLDG 
UNIVERSITY PARK PA 16802-7000 

8. PERFORMING ORGANIZATION 
REPORT NUMBER 

9.  SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 

AFOSR/NE 
4015 WILSON BLVD 
SUITE 713 
ARLINGTON VA 22203 

10. SPONSORING/MONITORING 
AGENCY REPORT NUMBER 

F49620-01-1-0511 

11. SUPPLEMENTARY NOTES 

12a. DISTRIBUTION AVAILABILITY STATEMENT 

DISTRIBUTION STATEMENT A: Unlimited 

20040921 048 
13. ABSTRACT (Maximum 200 words) 

Development of a coarse-grained chemical reaction model (CGCRM) for incorporation into molecular dynamics (MD) 
simulations in order to assess the effects of chemical reactions on the ablation process. This model has been successfully 
applied to the ablation of organic systems and is now bemg implemented for polymers and biological materials. Development 
of a combined molecular dynamics and direct simulations Monte Carlo (DSMC) methodology for combining the output from 
the MD simulations including the presence of clusters mto the DSMC calculations that allow for long time and large space 
development of the plume. Developed a new protocol, substrate-assisted laser-mitiated ejection, for mass spectrometry of 
biological molecules embedded in a water matrix, the simulations were aimed at modeling Charles Lin's (Harvard) drug 
delivery experunents but have inspired a new set of Mass Spectrometry experiments in Nick Winograd's group (Penn State). 
Sub-contract to UVa was used to support a graduate (MS.) student, Elodie Leveugle. During the reporting period, the focus o 
the research project of Ms. Leveugle was on the microscopic mechanisms of photomechanical spallation of molecular targets. 
It has been revealed in a series of large-scale MD simulations that the relaxation of laser-induced thennoelastic stresses is 
responsible for the nucleation, growth and coalescence of voids in a broad sub-surface region of the irradiated target. Two 
stages have been identified in the evolution of voids in laser spallation, the initial void nucleation and growth, with the numbei 
of voids of all sizes increasing, followed by void coarsening and coalescence, when the number of large void increases at the 
expense of quickly decreasing population of small voids.  
14. SUBJECT TERMS 15. NUMBER OF PAGES 

16. PRICE CODE 

17. SECURITY CLASSIFICATION 
OF REPORT 

Unclassified 

18. SECURITY CLASSIFICATION 
OF THIS PAGE 

Unclassified 

19. SECURITY CLASSIFICATION 
OF ABSTRACT 

Unclassified 

20. LIMITATION OF ABSTRACT 

UL 
Standard Form 298 (Rev. 2-89) (EG) 
Prescribed by ANSI Std. 239.18 
Designed using Perform Pro, WHS/DIOR, Oct 94 



Air Force Office of Scientific Research 

PRINCIPAL INVESTIGATOR 

Barbara J. Garrison 

INSTITUTION 

Penn State University 
152 Davey Laboratory 

University Park, PA 16802 

GRANT NUMBER 

F49620-01-1-0511 

MFEL 2003 Annual Report - Garrison/Zhigilei 



ANNUAL PROGRESS REPORT 
Grant numbers: F49620-01-1-0511 
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OBJECTIVE: To investigate microscopic mechanisms and dynamics of PEL initiated ablation 
with a focus on a fundamental understanding of the basic mechanisms of ablation and effects of 
selective targeting of the laser energy. 

APPROACH: We are developing a multiscale computational technology that includes atomistic, 
mesoscopic/molecular, and continuum levels of description of fundamental processes involved in 
PEL laser ablation of biological materials. 

ACCOMPLISHMENTS: The accomplishments support by this project include as follows: 

• Development of a coarse-grained chemical reaction model (CGCRM) for incorporation 
into molecular dynamics (MD) simulations in order to assess the effects of chemical 
reactions on the ablation process. This model has been successfully appHed to the 
ablation of organic systems and is now being implemented for poljoners and biological 
materials. 

• Development of a combined molecular dynamics and direct simulations Monte Carlo 
(DSMC) methodology for combining the output from the MD simulations including the 
presence of clusters into the DSMC calculations that allow for long time and large space 
development of the plume. 

• Developed a new protocol, substrate-assisted laser-initiated ejection, for mass 
spectrometiy of biological molecules embedded in a water matrix. The simulations were 
aimed at modeling Charles Lin's (Harvard) drug delivery experiments but have inspired a 
new set of Mass Spectrometry experiments in Nick Winograd's group (Penn State). 

• Sub-contract to UVa was used to support a graduate (M.S.) student, Elodie Leveugle. 
During the reporting period, the focus of the research project of Ms. Leveugle was on the 
microscopic mechanisms of photomechanical spallation of molecular targets. It has been 
revealed in a series of large-scale MD simulations that the relaxation of laser-induced 
thermoelastic stresses is responsible for the nucleation, growth and coalescence of voids 
in a broad sub-surface region of the irradiated target. Two stages have been identified in 
the evolution of voids in laser spallation, the initial void nucleation and growth, with the 
number of voids of all sizes increasing, followed by void coarsening and coalescence, 
when the number of large void increases at the expense of quickly decreasing population 
of small voids. The void volume distributions are found to be relatively well described 
by power law N(V) ~ V-x, with exponent gradually increasing with time. A similar 
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volume distribution has been obtained in a series of 
simulations of uniaxial expansion of the same 
molecular system performed at a strain rate and 
temperature realized in the irradiated target. Spatial 
and time evolution of the laser-induced pressure 
predicted in the MD simulation has been related to 
the results of integration of a thermoelastic wave 
equation and the scope of applicability of the 
continuum calculations has been discussed. 

SIGNIFICANCE: Our simulations give a unique 
opportunity to study the laser ablation phenomena at 
molecular level and compose an important part of the effort 
to better understand the mechanisms of laser 
damage/desorption/ablation at a microscopic level. The 
insight provided into these physical processes can help in 
developing medical applications of FEL. 

WORK PLAN: A steady progress in the development of 
advanced and unique computational methodology and 
understanding the basic mechanisms of laser interaction with 
organic materials make a solid foundation for extending the 
research work to more complex organic systems and 
addressing complex processes in the expanding ablation 
plume. Below are some of the directions to be pursued. 

• The developed methodology for molecular dynamics 
modeling of bond breaking/making chemical reactions, 
such as photofragmentation of excited molecule and the 
subsequent various chemical reactions, opens up new 
possibilities in the investigation of photochemical 
processes. We are developing this methodology for 
polymer ablation. 

• We will continue our analysis of the microscopic 
mechanisms of laser spallation of organic materials.   In 
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Figure 1.. Nucleation and grow 
of sub-surface voids in a MD 
simulation of laser spallation. 
Voids are represented by 
spheres of the same volume as 
the actual voids 

the case of spallation, the material disintegration proceeds 
in the form of void nucleation and growth and is locaHzed within the spallation region at a 
certain depth under the irradiated surface. Analysis of the laser ablation in this case leads to a 
more general question on the microscopic mechanisms of the djmamic fracture under 
conditions of ultra-high strain rate and elevated temperature. 
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