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Applicant Philadelphia Museum of Art (PMA) requests $239,650 for a 2-year project to 
create the first publicly-accessible, comprehensive online Raman spectroscopic database 
of cultural heritage materials, in partnership with the Infrared and Raman Users Group 
(IRUG) http://www.irug.org/). No such database exists for this scientific information 
critical to the preservation and study of our nation’s cultural heritage. This project builds 
on a 2002 National Center for Preservation Technology & Training (NCPTT) grant. 
 
Background: Raman spectroscopy is a powerful technique for analyzing cultural 
heritage materials (supportingdoc1.pdf).  A material can be identified with a high level of 
confidence when its Raman data matches that of a known substance. Few affordable 
analytical techniques provide identification on micro-samples as small as 20 �m 2.  
However, Raman use in the museum and related fields has been limited severely by the 
lack of readily-available, relevant reference spectra. Collecting and sharing high-quality 
scientific data is the mission of IRUG. Its 118 institutional members have strongly 
appealed for a centralized Raman database (supportingdoc2.pdf). They are eager to 
contribute their data that remain scattered in various laboratories. In 2002, IRUG and 
PMA jointly created a different online database.  This seminal infrared database is used 
regularly in museums worldwide. Similarly, the Raman database will become a 
fundamental resource for generations of scientists, engineers, architects, conservators, 
curators, teachers, students in public, private, and government settings.     
  
Major Activities: A project development team will construct the database and 
bibliographic library in overlapping stages using open-source code (e.g. Drupal, 
DotNetNuke).  Activities include building: 1) the database; 2) an interface to upload data; 
3) a translator to transform the native data into JCAMP-DX (ASCII) files for universal 
access (supportingdoc3.prf); 4) a software tool for peer-review and approved data transfer 
into the database; 5) a searchable library for citations and open-source papers with user 
interface; and 7) interface for online searches, data download and spectra printing from 
laboratory computers. Illustrative flowcharts are in supportingdoc4.pdf.  IRUG 
participants will submit initial data and citations to a review committee of Raman experts 
(supportingdoc5.pdf). Products will be beta tested before launch onto the IRUG website 
(www.irug.org). Constructed under the 2002 NCPTT grant, its infrastructure will be 
upgraded for the Raman database to meet best practice and security standards.  

Anticipated Products: A project development team will ensure specifications and timely 
products; test and QC deliverables; create a shared meeting and training workspace. Two 
surveys will assess impact on the museum field. Products will be: 1) a novel, open, free, 
online Raman database and library for museums, 2) 700 peer-reviewed spectra, 3) 300 
literature citations, 4) system for ongoing collection, review and distribution of Raman 
data and citations (electronic download/PDF) and 5) database searching software 
  
Anticipated Outcomes: The project will 1) change on global scale, the way scientists 
access and share data, 2) increase use of Raman technology in museum field, 2) provide 
access to information not available previously, 3) save time and funds in analyzing 
artifacts/materials, 4) improve conservation of nation’s cultural heritage by higher-quality 
Raman analysis, and 5) help students, teachers become better trained in Raman. 



 
 
 

Narrative 
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NARRATIVE 
  
Assessment of Need  
  
As stated in the abstract, there is an urgent need for a readily accessible, centralized 
Raman spectroscopic database specific to cultural heritage materials for the museum and 
library community. Reliable reference data are essential for scientists to identify the wide 
range of materials commonly that encountered in cultural heritage objects (see Figure 1). 
These identifications serve conservators in the treatment and preservation of our nation’s 
cultural heritage, and others who study these works.  Although Raman use in the museum 
field has grown in recent years, compared to other analytical techniques, it suffers from a 
lack of reference spectra and supporting information.  The consequence is that while 
some materials are identified properly, laboratories generally are not able to identify a 
large number of other materials.  Mischaracterization or inability to characterize these 
materials can be very costly to museums entrusted with the care of our cultural heritage. 
The proposed database’s intended audience is large and comprises scientists, 
conservators, curators, engineers, architects, students, and teachers, who work in public, 
private and government museums and libraries, and other settings for purposes ranging 
from art conservation and historic preservation to chemistry education, and even 
forensics.   
 
  

 
  

Figure 1. High-quality Raman reference data (b, c) are necessary to identify by Raman 
spectroscopy the substances in cultural heritage artifacts as illustrated by the data from a 
red 19th C. fraktur paint sample (a), which contains vermilion and red lead pigments 
(Courtesy of the Winterthur Museum and Library). 
  
Raman Has Become Popular In Museums but Reliable Reference Data Are Not 
Readily-Accessible  
  
The rising importance of Raman is reflected by a rising number of published papers, as 

 1
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illustrated in Figure 2, and the example list literature references in supportingdoc1.pdf1.  
Because of this widespread use, there is a growing call within the museum community 
for an openly accessible, comprehensive Raman database. Although some small sets of 
Raman data already have been posted on the web (for links see 
http://www.irug.org/links.asp), they are not comprehensive and most have not been peer-
reviewed by museum scientists or are not downloadable.  The few commercial databases 
available are prohibitively expensive for not-for-profits, costing thousands of dollars or 
requiring annual license fees. These databases are limited in scope because they do not 
contain data for aged materials specific to cultural heritage.  Their data cannot be shared 
freely because it is proprietary. Moreover, it is sometimes erroneous and therefore 
misleading.   
 

 
 
 Figure 2 – The need for an online Raman Database is reflected in the increasing number 
of Raman papers published yearly (Survey Web of Science, 24 January 2009).  
 
 
Raman Data Scattered In Labs Throughout the U.S. and Elsewhere Need To Be 
Centrally Archived For Web Distribution 
  
Considerable Raman reference data exists scattered and sequestered in various 
laboratories. Many institutions have long awaited a viable mechanism like the proposed 
database to centrally archive and freely share their Raman data as broadly as possible (see 
letters in supportingdoc6.pdf). This sentiment has been expressed widely within the large 
network of U.S. scientists who are IRUG members. They are eager to share their data and 
engage in dialogue stimulated by this project. Global sharing of data among institutions 

                                                 
1 For an overview of Raman’s utility in cultural heritage see, G.D. Smith, R.J.H. Clark, Raman microscopy 
in art history and conservation science, Reviews in Conservation 2 (2001) 92–106. G.D. Smith, R.J.H. 
Clark, Raman microscopy in archeological science, Review Article, Raman microscopy in archeological 
science, Journal of Archeological Science 31 (2004) 1137-1160.  
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will save time and funds - vital considerations in the current economic climate.  Our 
experience with the 2002 NCPTT funded online infrared database has shown that such 
collaborative projects promote a sense of community and common purpose facilitating 
further exchange of ideas and information.  
  
We have not found any other efforts to create the centralized Raman database described 
herein.  Because most of the museum community’s laboratories are members of IRUG, 
they look to this organization as the logical vehicle for undertaking this project.  Its 
various institutional members (supportingdoc2.pdf or 
http://www.irug.org/ed2k/institutions.asp ) have strongly encouraged this undertaking.   
  
By using open source code and ASCII data for this project, others will be able to build 
upon or adapt the database for their particular use.  An example of one such beneficiary 
will be the User’s Group for Mass Spectrometry and Chromatography 
(http://www.mascgroup.com/), which has adopted the JCAMP file formatting instituted 
by IRUG for its data.  The design and progress of the proposed Raman database will be 
presented at conferences for the benefit of scientists and IT professionals, who may wish 
to adopt a similar model for the review and sharing of technical information.   
  
National Impact and Intended Results     
  
The Raman database will serve the nation’s largest existing network of museum 
scientists, as well as other institutions, via IRUG.  Success of the project will have a far-
reaching impact by: 
  

1. changing, on global scale, the way scientists communicate to access and share 
data   

2. improving the quality of scientific analysis of our nation’s cultural heritage by 
enabling accurate Raman analysis;    

3. saving time to do scientific analysis by eliminating the need to obtain reference 
spectra;  

4. eliminating costly duplication of data collection by individual institutions;  
5. spurring intellectual and research output of the cultural heritage and academic 

communities;  
6. enhancing diversity of Raman data available to US museums through 

international exchange  
7. promoting a sense of community, common purpose and knowledge-sharing 

among participants;  
8. reallocating valuable resources spent on obtaining Raman reference data to other 

creative uses;  
9. facilitating the education and development of new researchers and students by 

providing free access to a Raman database, bibliography and open source papers.  
 
The project’s impact will extend beyond its two-year period since the proposed database 
and software allows for ongoing collection and distribution of Raman data.  We estimate 
that the data generated will be viable for at least fifty years (probably longer) based on 
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historical precedence for other types of scientific data.  The JCAMP-DX (ASCII) format 
(see pages 6-13, 15 in supportingdoc3.pdf) is expected to translate to future formats so 
that data will not become obsolete or expire, remaining available for generations of new 
users.    
  
Ultimately, the Raman database will help improve the preservation and study of our 
cultural heritage, especially in a period when museums are struggling to accomplish these 
goals with scarce resources.  
  
Project Design and Evaluation Plan 
  
The PMA and IRUG propose a two-year project to develop and populate a centralized 
Raman spectral database and bibliographic library that will be freely accessible on the 
internet at www.irug.org.  The PMA and IRUG successfully developed an online infrared 
database previously. 
  
Project oversight by a project director at the PMA and a technical development team – 
drawn from NPower PA (http://www.npowerpa.org) and Rohm and Haas, Company, 
Information Technology Department, Philadelphia (http://www.rohmhaas.com) - will 
guide day-to-day activities to develop, test and implement the web-based application, 
database, bibliography library and associated software interfaces to complete the full 
collection, review and publication of RAMAN spectra files. NPower has developed an 
initial work plan (IRUG Project Plan, and Design and Evaluation Plan) for the project 
(supportingdoc7.pdf).  
  
A review committee of Raman experts from the museum field (see supportingdoc5.pdf) 
will oversee the collection, quality control, peer-review, and universal (JCAMP-DX) 
formatting of the data.   
  
At launch, the database will contain 700 high-quality peer-reviewed reference spectra and 
300 library citations. These contributions will come initially from IRUG’s large network 
of participating members and, after the project ends, from others as well as IRUG 
members.  The review committee and participating members will rigorously beta test the 
database, library and user interfaces to insure they warrant release to the wider 
community.   
    
The project will take place in four overlapping stages:   
  
First, the developer will enhance the existing website (www.irug.org) infrastructure for 
new Raman features and construct the Raman database using an open-source framework 
(e.g. Drupal, DotNetNuke) to provide programmed processes to seamlessly handle the 
new Raman data.   
    
Second, a robust, user-friendly Raman spectra submission process will be developed to 
enable participants to electronically upload (contribute) and save their native data to the 
website. An online data formatter will be constructed to transform the submitted data, 
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with supporting material sample and information, into IRUG’s extended fully-described 
JCAMP-DX files to enable universal access (http://www.irug.org/ed2k/jcamp.asp).     
  
Software for peer-review will be created to enable the review committee to receive, 
review, format, annotate and approve/disapprove Raman data submissions.  After 
approval, the data will be parsed into the database for safe storage and dissemination via 
the IRUG website. The web-based user interface will be developed for online searches, 
and downloads of data and printed Raman spectra (see supportingdoc4.pdf). 
    
In the third stage, a Raman bibliographic library will be constructed with an interface for 
users to upload citations and open source papers for peer-review and approval by 
committees similar to the spectra approval process to insure pertinent, high-quality 
reference works.   
    
The fourth and final stage is a full beta testing involving the numerous users and review 
committee of Raman experts, followed by launch and training for IRUG users.  
  
Project Evaluation  
Progress will be evaluated at the conclusion of each project stage.  The project director 
will work with the development team to develop surveys to evaluate the success of the 
database, library and user interfaces as they are beta tested by the review committee.  
Modifications will be made to the systems, if needed, and the products retested and 
committee resurveyed.  The effectiveness of the products to deliver usable Raman data 
and information will be evaluated by an independent reviewer from outside the museum 
community who is in no way connected to the project.   
  
Use of Raman reference spectra in the population of scientists working in U.S. museums 
and libraries will be surveyed at the conclusion of the project and then resurveyed one 
year afterward to assess long term impact.  The results will be reported to IRUG members 
and the IMLS.  
   
Project Resources: Budget, Personnel, and Management
  
The Philadelphia Museum of Art requests $239,650 funding from IMLS and will match 
with $179,375, which is roughly 43% of the total project cost or 4:3 IMLS:PMA.   
  
Personnel and Management  
 
Project Director:  
Beth Price, Senior Scientist, Section Head, Scientific Research and Analysis 
Laboratory, Philadelphia Museum of Art, will serve as project director for 
management and technical implementation of the grant. She will work directly with the 
project development team. Ms. Price is an IRUG Board Member, Chair of the Americas 
and past president. Ms. Price successfully managed a 2002 NCPTT grant to construct the 
IRUG website, online infrared database and bibliographic library. She has over 15 years 
experience developing infrared spectral databases and reviewing spectra for IRUG.  She 
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helped design the JCAMP-DX file format protocol adopted by IRUG.  She enjoys long 
standing professional relationships with many of the museum scientists who will 
participate in the project. She has authored papers on the analysis of works of art by 
spectroscopic and other methods.  She also will be a member of the Raman Review 
Committee. 
 
Project Conservation Scientist 
Dr. Ken Sutherland, Conservation Scientist, Scientific Research and Analysis 
Laboratory, Philadelphia Museum of Art, will aid Ms. Price in the development of the 
project.  Dr. Sutherland has experience in the collection and review of infrared and mass 
spectral data, and database development for the Users Group Mass Spectrometry. He has 
over 10 years experience in the scientific analysis of cultural heritage materials.  
  
Project Management Team comprises Linda Widdop, Rosemary Conroy Hughes, 
and Dean Graham of NPower Pennsylvania, and Charles Davis, Rohm and Haas 
Company, Philadelphia, PA.  
  
Linda Widdop (Technology Services Director, NPower PA, Philadelphia, PA) will 
supervise all aspects of the requirements gathering and technical development of the 
project and act as the Project Supervisor for any issue escalation during NPower’s 
involvement in the project.  As Director of Technology Services at NPower PA, Linda 
manages project plan and budget development, implementation oversight, and resource 
allocation.  Linda has been in the computer field since 1983 in manufacturing, corporate 
and retail settings on her way to the not-for-profit world.   She has trained thousands of 
users and provided IT consulting and implementation services to hundreds of individuals 
and organizations  
  
Rosemary Conroy Hughes (Senior Project Manager, NPower, Philadelphia) will be 
the lead consultant throughout the project. As Project Manager she will act as a liaison 
between all project constituents including the Project Director (Beth Price), Raman 
Review Committee (Chair, Suzanne Lomax) and its members, Database Administration 
Manager (Charles Davis), and NPower developers and programmers.  Rosemary will lead 
the Requirements Gathering and develop documentation needed to move into the “build” 
phase of the project.  This documentation will provide the basis for all application 
programming, testing and training.  
  
Dean Graham (Senior Technical Consultant, NPower, Philadelphia) will work with 
database and web developers to analyze existing code website and develop technical 
specifications for the new Raman web application.  Dean will work with the project team 
to solidify user interface attributes and research connections to the backend data 
structures that will provide the translation, data storage, and data presentation within the 
new Raman system.  Dean will work with the developers to create technical and user 
documentation of the application.   
.  
Database Administration Manager 
Charles Davis (Database Administration Manager, Rohm and Haas Company, 
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Philadelphia) will be the Database Administration Manager for the project (see letter of 
commitment). He has over twenty years experience overseeing databases, defining and 
monitoring application databases, designing backup and recovery procedures, supervising 
database enhancements, enforcing security, and planning and participating in data 
recovery tests.  Mr. Davis has worked with IRUG for the past three years as a part of 
Rohm and Haas’ community outreach program.  He is knowledgeable about the IRUG 
website and online infrared database.  The Rohm and Haas Company has provided 
similar technical and scientific support through its long-standing partnership (over 12 
years) with the Museum. 
  
Raman Review Committee, Chair:  
Dr. Suzanne Quillen Lomax (Organic Chemist, Scientific Research Department, 
National Gallery of Art (NGA), Washington, D.C.) has been the investigating the 
identification and aging behavior of artists’ materials for twenty-three years and is an 
expert on the identification of synthetic organic pigments by a variety of analytical 
techniques, including Raman. Dr. Lomax is a long standing IRUG Board Member and 
has served as a spectral reviewer for that organization. She also has been a devoted tour 
speaker for the American Chemical Society Speaker Service since 1991.   
  
Review Committee of Raman Experts:  
Members: Dr. Glenn Gates (Detroit Institute of the Arts), Dr. Karen Trentleman (Getty 
Museum), Mr. Richard Newman (MFA Boston), and Dr. Silvia Centeno (Metropolitan 
Museum of Art), Ms. Beth Price (Philadelphia Museum of Art), Dr. Greg Smith (SUNY 
College at Buffalo), Mr. Boris Pretzel (Victoria and Albert Museum), Mr. Marcello 
Picollo, IFAC-CNR (Florence), and Dr. Jennifer Mass (Winterthur Museum).   
  
IRUG Institution Participants:
Members (see supportingdoc2.pdf or http://www.irug.org/ed2k/institutions.asp) will 
contribute initial Raman spectra.    
 
Independent Reviewer: 
Dr. Georgia Arbuckle, Professor of Chemistry, Chair - Graduate Program in 
Chemistry, Chemistry Department, Rutgers, The State University of New Jersey, 
Camden, N.J.  Dr. Arbuckle is an innovator in conductive polymer research and will act 
as the project’s independent reviewer at the conclusion of the project. She will evaluate 
the overall utility of the database, library, and the quality of the spectra at the conclusion 
of the project.  
  
PMA Project Support Personnel, in-kind  
Chris Wasson, Conservation Department Administrator, who has extensive records 
and database administration experience, and Andrew Lins, Conservation Department 
Chair, an accomplished scientist and administrator will oversee the progress of the 
project and financial reporting. Conservation technician will help input data and aid in 
collection of surveys. 
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Dissemination  
  
Details of the project will be well-publicized throughout and after the two-year project 
ends.  If awarded, the grant will be announced in the following: AIC Newsletter, 
Conservation DistList (Stanford University Libraries, cool-
palimpsest.stanford.edu/byform/mailing-lists/cdl/aboutcdl.shtml), Chemical and 
Engineering News, APT Newsletter and on the IRUG website.  A broadcast e-mail will 
go out to all IRUG institutions and participants.  
  
There will be featured talks describing the project at the next IRUG biennial conference 
scheduled for March, 2010 in Buenos Aires, where we will solicit participation and have 
Raman Review Committee meetings. Presentations will be made at one or more of the 
following professional conferences (e.g., ACS, AIC, APT, IIC) to disseminate 
information regarding access to and use of the Raman database and library, and to 
provide periodic updates.  
  
All Raman data and bibliographic citations will be disseminated directly via the website 
(www.irug.org).  The data will be downloadable as JCAMP-DX files, and hardcopy 
spectra and papers will be printable as PDF files.  An online help manual and glossary 
will assist users.  As new features are added, they will be highlighted in appropriate 
science and conservation journals (e.g., ACS, AIC, APT) to make the public further 
aware of the database capabilities.  
  
Sustainability  
  
The PMA and IRUG are committed to maintaining the Raman database and library as 
they have in the past for the IRUG website and infrared database.  This support includes 
web hosting and domain registration.  Monitoring of the website and planning for 
maintenance is an ongoing process undertaken by IRUG Chairs, the Philadelphia 
Museum of Art, and Rohm and Haas Company, IT, Philadelphia.   
  
Periodic technical audits of the IRUG site will be conducted to determine compliance 
with accepted best practices for programming tools, database technology, changes in 
industry standards, security requirements and internet technologies.  
   
We estimate that the Raman data will be viable for at least 50 years based on historical 
precedence for other scientific data types.  The JCAMP.DX (ASCII) format has existed 
for over 20 years, is extensible, has been adopted as the standard data exchange method 
by spectra instrument manufacturers, and the data is expected to translate easily to future 
format changes as the need arises.  
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55

Section B: Summary Budget

budget form - page four

$ Cost Share$ IMLS $ TOTAL COSTS

1. Salaries and Wages

2. Fringe Benefits

3. Consultant Fees

4. Travel

5. Supplies and Materials

6. Services

7. Student Support

8. Other Costs

TOTAL DIRECT COSTS (1—8)

9. Indirect Costs

TOTAL COSTS (Direct and Indirect)

Project Funding for the Entire Grant Period

1. Grant Funds Requested from IMLS

2. Cost Sharing:

a. Cash Contribution

b. In-Kind Contribution

d. TOTAL COST SHARING

c. Other Federal Agencies*

3. TOTAL PROJECT FUNDING (1+2d)

* If funding has been requested from another federal agency, indicate the agency’s name:   

																              

                                                 OMB Number: 3137-0071; Expiration date: 07/31/2010. 

% of Total Costs Requested from IMLS

jheadley
Typewritten Text
LG-24-09-0098
Philadelphia Museum of Art
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IMLS-NLG PMA Research Project
Schedule of Completion
2 February 2009

Oct 09–Jan 10 Feb 10–May 10 Jun 10–Sep 10 Oct 10–Jan 11 Feb 11–May 11 Jun 11–Sep 11

Activity/Tasks

Initiation/Requirements $27,600 IMLS

Database and Library Design 
and Construction $160,700 IMLS

Database Implementation $15,200 IMLS

Reviewers' Participation $15,000 PMA $25,000 PMA

Project Management      $46,400 IMLS / $108,000 PMA

Addition of Spectra              $20,000 PMA

Final Report
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OMB clearance number: 3137-0071; expiration date: 07/31/2010. Estimated burden for this form: 1 hour                                 1 

Specifications for 
Projects that Develop Digital Products 

 
Part I.  Complete the appropriate sections: 

 
A.  Converting Non-Digital Material to Digital Format 
A1. Describe types and original formats of materials to be selected for digitization and quantity of each.        
 
A2. Identify copyright issues and other potential restrictions with regard to the original non-digital material. 
 

  Public domain:        % of total  
  

  Permissions have been obtained:        % of total 
 

  Privacy concerns:       % of total.  
 Plan to address:       
 

  Other:       % of total.  Explain:       

 Permissions to be requested:      % of total 
Plan to address:       
  
A3. Describe how the newly digitized material will be made available to the public. Explain the terms of access and conditions of 
use. Identify and explain any restrictions that will apply to digitized material, and specify what percentage if any of the total 
material will be subject to restrictions.        
 
A4. List the equipment and software, with specifications, whether purchased, leased or outsourced, that will be used (e.g., 
camera, scanner, server, A/D audio or video converter):  
      
 
B. Repurposing Existing Digital Content 
B1. Describe types and original formats of digital materials to be selected for repurposing and quantity of each. 
        
 
B2. Identify copyright issues and other potential restrictions with regard to the original digital material. 

 Public domain       % of total   
 

 Permissions have been obtained:        % of total 
 

 Permissions to be requested:       % of total  

 
  Privacy concerns:      % of total.  

Plan to address:       
 

 Other:       % of total.  Explain:       
 Plan to address:        
 
B3. Describe how the repurposed material will be made available to the public. Explain the terms of access and conditions of 
use. Identify and explain any restrictions that will apply to repurposed material, and specify what percentage if any of the total 
material will be subject to restrictions.       
 
B4. List the equipment and software, with specifications, whether purchased, leased or outsourced, that will be used (e.g. MPEG 
encoder, non-linear editing system, GIS software).   
      
 
C.  Creating New Digital Content 
C1. Describe types of materials to be created in digital form and quantity of each. 
Keyword Searchable Raman spectroscopic database 
700 Raman spectrosopic data files initially, in JCAMP.DX (ASCII), stored in a structured SQL Server database. 
Keyword Searchable Raman bibliographic library 
300 Raman literature citations. 
Document repository for author-approved distribution of cited papers 
 
 
C2. Describe plan to obtain releases/permissions from project content creators and subjects. 
Using a procedure already established. Raman spectra will be contributed under a license agreement that gives project partners 
permission to collect, format and distribute the data.  All contributors sign a hardcopy license agreement kept on file at the PMA.  
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OMB clearance number: 3137-0071; expiration date: 07/31/2010. Estimated burden for this form: 1 hour                                 2 

C3. Describe disposition of ownership and use rights of new product. Describe how the new product will be made available to 
the public. Explain the terms of access and conditions of use. Identify and explain any restrictions that will apply to new content 
and specify what percentage if any of the total material will be subject to restrictions. 
The public will have access to the data developed, which will be available via the publicly accessible website, www.irug.org  The 
data will be freely available provided users agree to acknowledge IRUG and the contributor as the sources of the data in all 
publication of the data. 
 
C4. List the equipment and software, with specifications, whether purchased, leased or outsourced, that will be used (e.g., 
camera, audio recording equipment, video recording equipment, encoding software, server). 
The database will be Microsoft SQL Server and the web application code will be created within an open source 
framework (e.g. DotNetNuke or Drupal) using ".NET" programming language. Web hosting services will be used for 
the project. This will be the same host used currently for the IRUG website.  NO special equipment is necessary for 
the projects other than computers. 

 
Part II.  Answer all questions:  
 
5. Specify each type of file format (e.g., TIFF, JPEG, MPEG) to be produced and anticipated quality (e.g. minimum resolution, 
depth, tone, pixel dimensions, file size, sampling rate) of each. 
 
Master: Raman spectra, generated on-demand from sampling data stored in a structure SQL Server database, will be displayed  
as a PNG file sized at ~750 x 380 pixels. 
     
Access: Raman spectra will be viewed.    
 
Thumbnail: Raman spectra as thumbnails are planned to be generated on-demand as a PNG file sized at ~260x180 pixels. 
 
6. Describe the delivery medium that will be used (e.g. Internet, broadcast, DVD). 
Web pages will display spectra JCAMP files in ASCII format, and JCAMP file downloads to user workstations will be in ASCII 
format compliant with the IRUG JCAMP standard, including IRUG extensions. 
 
7. Describe the underlying software to manage and/or present the content (e.g. DSpace, Fedora, ContentDM). 
Microsoft SQL Server will be used a the database management software to store Raman spectra JCAMP data.  ".NET" 
programming language for web-site development will be provide the presentation layer to retrieve, format, and display the 
Raman JCAMP spectra and file downloads. 
 
8. Describe the quality control plan.  
Data will be QC'd by an established committee of Raman experts from the museum field using standards previously established 
and utilized by IRUG. 
 
9. Explain how descriptive and administrative metadata will be produced and used to describe and manage the content.  Include 
the standards that will be used for data structure, content (e.g. thesauri), protocols, preservation and administrative information 
and communication of the content (e.g., MARC, EAD, Dublin Core, PBCore, VRA Core Categories, or Categories for the 
Description of Works of Art).   
The Raman database deisgn will follow standard database data normalization practices and include metadata stored along with 
the data within the SQL Server database. The IRUG JCAMP standards document will describe the JCAMP database fields in 
detail.  
 
10. Describe plans for preservation and maintenance of the digital files during and after the expiration of the grant period (i.e., 
storage systems, migration plans and commitment of institutional funding).  
 Data produced will have a life of 50+ years based on precedence of other types scientific data.  However, the data is not stored 
in ASCII format but can be recomposed back to ASCII data in the future if necessary. The data will reside in the database on the 
host's server and the database contents and the web-site source code will be backed up regularly by the site's hosting company 
with a minimum 30-day retention period.  PMA reserved the right to request special backups as required. Multiple backup copies 
of JCAMP files are available since users download and save them as files on their computers. The website and database are 
maintained by the PMA and will continue to be sustained after the grant period.   
 
11. If content will be provided on the Internet, indicate agreement to submit collection level records for digital products to the 
IMLS Digital Collections Registry.  State reasons for selecting alternative approaches. 
Agreed 
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OMB clearance number: 3137-0071; expiration date: 07/31/2010. Estimated burden for this form: 1 hour                                 3 

12. Provide URL(s) for applicant's previous digital products, if applicable.  
www.irug.org 
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Partnership Statement

Complete one of these forms for each formal partner.

State Government
County Government
City or Township Government
Special District Government
Regional Organization
U.S. Territory or Possession
Independent School District
Public/State-Controlled Institution of Higher Education
Indian/Native American Tribal Government (Federally 
Recognized)
Indian/Native American Tribal Government (Other than 
Federally Recognized)
Indian/Native American Tribally Designated Organization
Public/Indian Housing Authority
















Nonprofit with 501(c)3 IRS Status (Other than Institution 
of Higher Education)
Nonprofit without 501(c)3 IRS Status (Other than 
Institution of Higher Education)
Private Institution of Higher Education
Individual
For-Profit Organization (Other than Small Business)
Small Business
Hispanic-serving Institution
Historically Black Colleges and Universities (HBCUs)
Tribally Controlled Colleges and Universities (TCCUs)
Alaska Native and Native Hawaiian Serving Institutions
Nondomestic (non-U.S.) Entity
Other (specify) 	
















6. Governing control of partner (choose one):

3. Mailing address    	

Street1: 						      Street2: 							     

City: 							       State: 				    Zip+4: 					  

1. Legal name of partner organization: 											         

5. Partner project contact name: 												          

2. Partner DUNS number: 													           

Title: 															             

E-mail: 								      Telephone number: 					   

7. What is the partner organization’s mission? [500 characters]

4. Partner Web address:  http://												          

Legal name of applicant organization (5a from Face Sheet): 									       
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8. Describe the partner organization’s service area (audience served, including size, demographic characteristics, 
and geographic area). [500 characters]

9. List the partner’s key roles and responsibilities in the project. [1000 characters]

Please note: 
A.	 Submission of this application by the authorized representative of the applicant organization reflects the partner 

organization’s agreement with the following statements:
•	 We will carry out the activities described above and in the application narrative.
•	 We will use any federal funds we receive from the applicant organization in accordance with applicable federal laws and 

regulations as set forth in the program guidelines and the terms and conditions of the grant award.
•	 We assure that our facilities and programs comply with the applicable federal requirements and laws as set forth in the 

program guidelines.
B.	 Prior to submission of the application, the applicant will ensure that the partner organization has provided to the applicant 

a signed original of this Partnership Statement for the applicant’s records.  Such original will be made available to IMLS, if 
requested by IMLS.
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SUPPORTING DOCUMENT 1 

 
LIST OF EXAMPLE RAMAN PAPERS  

RELATIVE TO CULTURAL HERITAGE  

 
 
A. Bertoluzza, P. Brasili, L. Castri, F. Facchini, C. Fagnano, A. Tinti, Preliminary results 
in dating human skeletal remains by Raman spectroscopy, Journal of Raman 
Spectroscopy 28(1997) 185–188.  
 
A. Bertoluzza, S. Cacciari, G. Cristini, C. Fagnano, A. Tinti, Non-destructive ‘in situ’ 
Raman study of artistic glasses, Journal of Raman Spectroscopy 26 (1995) 751–755.  
 
R. Bertoncello, L. Milanese, U. Russo, D. Pedron, P. Guerriero, S. Barison, Chemistry of 
cultural glasses: the early Medieval glasses of Monselice’s Hill (Padova, Italy), Journal of 
Non-Crystalline Solids 306 (2002) 249–262.  
 
M. Bicchieri, M. Nardone, P.A. Russo, A. Sodo, M. Corsi, G. Cristoforetti, V. Palleschi, 
A. Salvetti, E. Tognoni, Characterization of azurite and lazurite based pigments by laser 
induced breakdown spectroscopy and micro-Raman spectroscopy, Spectrochimica Acta 
B 56(2001) 915–922.  
 
M. Bouchard, Evaluation des Capacite´ s de la Microscopie Raman dans la Characte´ 
risation Mine´ ralogique et Physico-Chemique de Mate´ riaux Arche´ ologiques: Me´ 
taux, Vitraux & Pigments, PhD dissertation, Muse´ um National d’Histoire Naturelle, 
2001.  
 
M. Bouchard, D.C. Smith, Evaluating Raman microscopy for the non-destructive 
archaeometry of corroded coins: a powerful technique for conservation studies, Asian 
Chemical Letters 5 (2001) 157–169.  
 
M. Bouchard, D.C. Smith, Archaeological and experimental stained glass: a non-
destructive Raman microscopic (RM) study, ART 2002: Seventh International 
Conference on Non-destructive Testing and Microanalysis for the Diagnostics and 
Conservation of Cultural and Environmental Heritage, 2002, 152 pp.  
 
M. Bouchard, D.C. Smith, Catalogue of 45 reference Raman spectra of minerals 
concerning research in art history or archaeology, especially on corroded metals & 
coloured glass, Spectrochimica Acta A 59 (2003) 2247–2266.  
 
R.H. Brody, H.G.M. Edwards, A.M. Pollard, Chemometric methods applied to the 
differentiation of fourier-transform Raman spectra of ivories, Analytica Chimica Acta 
427 (2001) 223–232.  
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R.H. Brody, H.G.M. Edwards, A.M. Pollard, A study of amber and copal samples using 
FT-Raman spectroscopy, Spectrochimica Acta A 57 (2001) 1325–1338.  
 
R.H. Brody, H.G.M. Edwards, A.M. Pollard, Fourier transform-Raman spectroscopic 
study of natural resins of archaeological interest, Biopolymers 67 (2002) 29–141.  
 
K.L. Brown, R.J.H. Clark, Analysis of pigmentary materials on the Vinland Map and 
Tartar relation by Raman microprobe spectroscopy, Analytical Chemistry 74 
(2002)3658–3661.  
K.L. Brown, R.J.H. Clark, Analysis of key Anglo-Saxon manuscripts (8th–11th) 
centuries) in the British Library: pigment identification by Raman microscopy, Journal of 
Raman Spectroscopy 35 (2004) 181–189.   
 
K.L. Brown, R.J.H. Clark, The Lindisfarne Gospels and two other 8th century Anglo-
Saxon/Insular manuscripts: pigment identification by Raman microscopy, Journal of 
Raman Spectroscopy 35 (2004) 4–12.   
 
K.L. Brown, R.J.H. Clark, Three English Manuscripts post-1066 AD: pigment 
identification and palette comparisons by Raman microscopy, Journal of Raman 
Spectroscopy 35 (2004) 217–223.   
 
P. Bruno, M. Caselli, M.L. Curri, P. Favia, C. Laganara, A. Traini, Surface examination 
of red painting on Medieval pottery from the South of Italy, Annali di Chimica -Roma 87 
(1997) 539–553.  
 
T. Calligaro, S. Colinart, J.P. Poirot, C. Sudres, Combined external-beam PIXE and m-
Raman characterisation of garnets used in Merovingian jewellery, Nuclear Instruments & 
Methods in Physics Research Section B: Beam Interactions with Materials and Atoms 
189 (2002) 320–327.  
 
T.D. Chaplin, R.J.H. Clark, D.R. Beech, Comparison of genuine (1851–1852 AD) and 
forged or reproduction Hawaiian missionary stamps using Raman microscopy, Journal of 
Raman Spectroscopy 33 (2002) 424–428. 
  
D.A. Ciomartan, R.J.H. Clark, L.J. McDonald, M. Odlyha, Studies on the thermal 
decomposition of basic lead(II) carbonate by Fourier-transform Raman spectroscopy, X-
ray diffraction and thermal analysis, Journal of the Chemical Society, Dalton 
Transactions (1996) 3639–3645. 
  
R.J.H. Clark, L. Curri, G.S. Henshaw, C. Laganara, Characterization of brown–black and 
blue pigments in glazed pottery fragments from Castel Fiorentino (Foggia, Italy) by 
Raman microscopy, X-ray photoelectron spectroscopy, Journal of Raman Spectroscopy 
28 (1997) 105–109. 
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R.J.H. Clark, M.L. Curri, The identification by Raman microscopy and X-ray diffraction 
of iron-oxide pigments and of the red pigments found on Italian pottery fragments, 
Journal of Molecular Structure 440 (1998) 105–111. 
  
R.J.H. Clark, M.L. Curri, C. Laganara, Raman microscopy: the identification of Lapis 
Lazuli on Medieval pottery fragments from the South of Italy, Spectrochimica Acta A 53 
(1997) 597–603.  
R.J.H. Clark, P.J. Gibbs, Non-destructive in situ study of ancient Egyptian faience by 
Raman microscopy, Journal of Raman Spectroscopy 28 (1997) 99–103.  
 
R.H. Clarke, S. Londhe, M.E. Womble, Low-resolution Raman spectroscopy as an 
analytical tool for organic liquids, Spectroscopy 13 (1998) 28–35. 
  
R.J.H. Clark, J. van der Weerd, Identification of pigments and gemstones on the Tours 
Gospel: the early Carolingian Palette, Journal of Raman Spectroscopy 35 (2004) 279–
283. 
  
P. Colomban, Lapis lazuli as unexpected blue pigment in Iranian lajvardina ceramics, 
Journal of Raman Spectroscopy 34 (2003) 420–423. 
 
P. Colomban, G. March, L. Mazerolles, T. Karmous, N. Ayed, A. Ennabli, H. Slim, 
Raman identification of materials used for jewellery and mosaics in Ifriqiya, Journal of 
Raman Spectroscopy 34 (2003) 205–213. 
 
P. Colomban, F. Treppoz, Identification and differentiation of ancient and modern 
European porcelains by Raman macro-and micro-spectroscopy, Journal of Raman 
Spectroscopy 32 (2001) 93–102. 
 
P. Colomban, C. Truong, Non-Destructive Raman Study of the Glazing Technique in 
Lustre Potteries and Faience (9th– 14th Centuries): Silver Ions, Nanoclusters, 
Microstructures, and Processing, Journal of Raman Spectroscopy 35 (2004) 195–207. 
  
P. Colomban, N.Q. Liem, G. Sagon, H.X. Tinh, T.B. Hoa` nh, Microstructure, 
Composition, and Processing of 15th Century Vietnamese Porcelains and Celadons, 
Journal of Cultural Heritage 4 (2003) 187–197. 
  
G.A. Cox, B.A. Ford, The long-term corrosion of glass by groundwater, Journal of 
Materials Science 28 (1993) 5637–5647. 
 
H.G.M. Edwards, FT-Raman spectroscopic study of keratotic materials: horn, hoof and 
tortoiseshell, Spectrochimica Acta A 54 (1998) 745–757. 
 
H.G.M. Edwards, Raman microscopy in art and archaeology: illumination of historical 
mysteries in rock art and frescoes, Spectroscopy 17 (2002) 16–40. 
 

3 of 10  



Sam
pl

e
H.G.M. Edwards, L.F.C. de Oliveira, M. Nesbitt, Fourier-transform Raman 
characterization of brazilwood trees and substitutes, The Analyst 128 (2003) 82–87. 
   
H.G.M. Edwards, M.J. Falk, Fourier transform Raman spectroscopic study of ancient 
resins: a feasibility study of application to archaeological artefacts, Journal of Raman 
Spectroscopy 28 (1997) 211–218. 
  
H.G.M. Edwards, M.J. Falk, Fourier-transform Raman spectroscopic study of 
frankincense and myrrh, Spectrochimica Acta A 53 (1997) 2393–2401. 
   
H.G.M. Edwards, D.W. Farwell, D.L.A. de Faria, A.M.F. Monteiro, M.C. Afonso, P. De 
Blasis, S. Eggers, Raman spectroscopic study of 3000-year-old human skeletal remains 
from a Sambaqui, Santa Catarina, Brazil, Journal of Raman Spectroscopy 32 (2001) 17–
22. 
   
H.G.M. Edwards, D.W. Farwell, C.P. Heron, H. Croft, A.R. David, Cats’ eyes in a new 
light: Fourier transform Raman spectroscopic and gas chromatographic-mass 
spectrometric study of Egyptian mummies, Journal of Raman Spectroscopy 30 (1999) 
139–146. 
  
H.G.M. Edwards, D.W. Farwell, J.M. Holder, E.E. Lawson, Fourier-transform Raman 
spectra of ivory III: identification of mammalian specimens, Spectrochimica Acta A 53 
(1997) 2403– 2409. 
  
H.G.M. Edwards, D.W. Farwell, J.M. Holder, E.E. Lawson, Fourier-transform Raman 
spectroscopy of ivory: II. Spectroscopic analysis and assignments, Journal of Molecular 
Structure 435 (1997) 49–58.  
  
H.G.M. Edwards, D.W. Farwell, J.M. Holder, E.E. Lawson, Fourier transform-Raman 
spectroscopy of ivory: a non-destructive diagnostic technique, Studies in Conservation 43 
(1998) 9–16. 
   
H.G.M. Edwards, D.W. Farwell, D.D. Wynn-Williams, FT-Raman spectroscopy of avian 
mummified tissue of archaeological relevance, Spectrochimica Acta A 55 (1999) 2691–
2703.  
 
H.G.M. Edwards, M. Gniadecka, S. Petersen, J.P.H. Hansen, O.F. Nielsen, D.H. 
Christensen, H.C. Wulf, NIR-FT Raman spectroscopy as a diagnostic probe for 
mummified skin and nails, Vibrational Spectroscopy 28 (2002) 3–15. 
  
H.G.M. Edwards, M.G. Sibley, C. Heron, FT-Raman spectroscopic study of organic 
residues from 2300-year-old Vietnamese burial jars, Spectrochimica Acta A 53 (1997) 
2373–2382. 
  
H.G.M. Edwards, J.K.F. Tait, FT-Raman spectroscopic study of decorated stained glass, 
Applied Spectroscopy 52 (1998) 679–682. 
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H.G.M. Edwards, S.E.J. Villar, A.R. David, D.L.A. de Faria, Nondestructive Analysis of 
Ancient Egyptian Funerary Relics by Raman Spectroscopic Techniques, Analytica 
Chimica Acta 503 (2004) 223–233. 
   
H.G.M. Edwards, A.C. Williams, D.W. Farwell, Paleodental studies using FT-Raman 
spectroscopy, Biospectroscopy 1 (1995) 29–36. 
  
D.L.A. de Faria, F.N. Lopes, Natural Hematite or Heated Goethite: Can Raman 
Microscopy Differentiate Them? in: J. Mink, G. Jalsovszhy, G. Keresztury (Eds.), 
XVIIIth International Conference on Raman Spectroscopy, Wiley, New York, 2002, pp. 
825–826. 
   
X. Faurel, A. Vanderperre, P. Colomban, Pink pigment optimization by resonance Raman 
spectroscopy, Journal of Raman Spectroscopy 34 (2003) 290–294. 
   
R.L. Frost, W. Martens, J.T. Kloprogge, P.A. Williams, Raman spectroscopy of the basic 
copper chloride minerals atacamite and paratacamite: implications for the study of 
copper, brass and bronze objects of archaeological significance, Journal of Raman   
Spectroscopy 33 (2002) 801–806. 
   
R.L. Frost, P.A. Williams, W. Martens, J.T. Kloprogge, Raman spectroscopy of the 
polyatomic copper(II) minerals buttgenbachite and connellite: implications for studies of 
ancient copper objects and bronzes, Journal of Raman Spectroscopy 33 (2002) 752–757. 
   
F. Gendron, D.C. Smith, A. Gendron-Badou, Discovery of jadeite-jade in Guatemala 
confirmed by non-destructive Raman microscopy, Journal of Archaeological Sciences 29 
(2002) 837–851. 
   
M. Gniadecka, H.G.M. Edwards, J.P.H. Hansen, O.F. Nielsen, D.H. Christensen, S.E. 
Guillen, H.C. Wulf, Near-infrared Fourier transform Raman spectroscopy of the 
mummified skin of the Alpine iceman, Qilakitsoq Greenland mummies and Chiribaya 
mummies from Peru, Journal of Raman Spectroscopy 30 (1999) 147–153. 
   
M. Gniadecka, H.C. Wulf, O.F. Nielsen, D.H. Christensen, J.P.H. Hansen, Fourier 
transform Raman spectroscopy of 15th century mummies from Qilakitsoq, Greenland, 
Journal of Raman Spectroscopy 28 (1997) 179–184. 
   
B. Guineau, M. Lorblanchet, B. Gratuze, L. Dulin, P. Roger, R. Akrich, F. Muller, 
Manganese black pigments in pre-historic paintings: the case of the Black Frieze of Pech 
Merle (France), Archaeometry 43 (2001) 211–225. 
   
H.A. Ha¨ nni, B. Schubiger, L. Kiefert, S. Ha¨ berli, Raman investigations on two 
historical objects from Basel Cathedral: the Reliquary Cross and Dorothy Monstrance, 
Gems & Gemology 34 (1998) 102–125. 
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C.M. Harris, Raman revisited, Analytical Chemistry 57 (2002) 433A–438A.   
S.D. Harvey, T.J. Peters, B.W. Wright, Safety considerations for sample analysis using a 
near-infrared (785 nm) Raman laser source, Applied Spectroscopy 57 (2003) 580–587.   
S. Hillson, Personal communication, 2001. 
   
F.J. Hunter, J.G. McDonnell, A.M. Pollard, C.R. Morris, C.C. Rowlands, The scientific 
identification of archaeological jet-like artefacts, Archaeometry 35 (1993) 69–89. 
   
A. Jurado-Lopez, O. Demko, R.J.H. Clark, D. Jacobs, Analysis of the palette of a 
precious 16th century illuminated Turkish manuscript by Raman microscopy, Journal of 
Raman Spectroscopy 35 (2004) 119–124. 
   
L. Kiefert, H. Ha¨ nni, T. Ostertag, Raman spectroscopic applications to gemmology, in: 
I.R. Lewis, H.G.M. Edwards (Eds.), Handbook of Raman Spectroscopy, Marcel Dekker, 
New York, 2001, pp. 469–489. 
   
M.T. Kirchner, H.G.M. Edwards, D. Lucy, A.M. Pollard, Ancient and modern specimens 
of human teeth: a Fourier transform Raman spectroscopic study, Journal of Raman 
Spectroscopy 28 (1997) 171–178. 
   
N.Q. Liem, N.T. Thanh, P. Colomban, Reliability of Raman micro-spectroscopy in 
analysing ancient ceramics: the case of ancient Vietnamese porcelain and celadon glazes, 
Journal of Raman Spectroscopy 33 (2002) 287–294. 
   
D.A. Long, The Raman Effect, Wiley, Chichester, 2002. 
   
W. Martens, R.L. Frost, J.T. Kloprogge, P.A. Williams, Raman spectroscopic study of 
the basic copper sulphates and implications for copper corrosion and ‘bronze disease’, 
Journal of Raman Spectroscopy 34 (2003) 145–151. 
   
E.J. Mawk, M. Hyman, M.W. Rowe, Re-examination of ancient DNA in Texas rock 
paintings, Journal of Archaeological Sciences 29 (2002) 301–306. 
   
L.I. McCann, K. Trentelman, T. Possley, B. Golding, Corrosion of ancient Chinese 
bronze money trees studied by Raman microscopy, Journal of Raman Spectroscopy 30 
(1999) 121–132. 
   
L. Nasdala, A. Banerjee, T. Hager, W. Hofmeister, Laser Raman microspectroscopy in 
mineralogical research, Microscopy and Microanalysis March (2001) 11–13. 
   
L.F.C. de Oliveira, H.G.M. Edwards, R.L. Frost, J.T. Kloprogge, P.S. Middleton, Caput 
mortuum: spectroscopic and structural studies of an ancient pigment, The Analyst 127 
(2002) 536–541. 
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S. Page` s-Camagna, S. Colinart, C. Coupry, Fabrication processes of archaeological 
Egyptian blue and green pigments enlightened by Raman microscopy and scanning 
electron microscopy, Journal of Raman Spectroscopy 30 (1999) 313–317. 
   
A. Paipetis, C. Vlattas, C. Galiotis, Remote laser Raman microscopy (ReRaM). 1ddesign 
and testing of a confocal microprobe, Journal of Raman Spectroscopy 27 (1996) 519–
526. 
   
A. Perardi, L. Appolonia, P. Mirti, Non-destructive in situ determination of pigments in 
15th century wall paintings by Raman microscopy, Analytica Chimica Acta 480 (2003) 
317– 325. 
   
A. Perardi, A. Zoppi, E. Castellucci, Micro-Raman spectroscopy for standard and in situ 
characterisation of painting materials, Journal of Cultural Heritage 1 (2000) S269–S272. 
   
S. Petersen, O.F. Nielsen, D.H. Christensen, H.G.M. Edwards, D.W. Farwell, R. David, 
P. Lambert, M. Gniadecka, H.C. Wulf, Near-infrared Fourier transform Raman 
spectroscopy of skin samples from the ‘Tomb of the Two Brothers’, Khnum-Nakht and 
Nekht-Ankh, XIIth dynasty Egyptian mummies (ca 2000 BC), Journal of Raman 
Spectroscopy 34 (2003) 375–379. 
   
J.P. Pretola, A feasibility study using silica polymorph ratios for sourcing chert and 
chalcedony lithic materials, Journal of Archaeological Sciences 28 (2001) 721–739.   
J. Russ, W.D. Kaluarachchi, L. Drummond, H.G.M. Edwards, The nature of a 
whewellite-rich rock crust associated with pictographs in southwestern Texas, Studies in 
Conservation 44 (1999) 91–103. 
   
J. Russ, R.L. Palma, D. Loyd, D.W. Farwell, H.G.M. Edwards, Analysis of the rock 
accretions in the Lower Pecos Region of southwest Texas, Geoarchaeology 10 (1995) 
43–63. 
   
M. Shimoyama, T. Ninomiya, Y. Ozaki, Nondestructive Discrimination of Ivories and 
Prediction of Their Specific Gravity by Fourier-Transform Raman Spectroscopy and 
Chemometrics, The Analyst 128 (2003) 950–953. 
   
A. Sodo, M. Nardone, A. Ajo` , G. Pozza, M. Bicchieri, Optical and Structural Properties 
of Gemmological Materials Used in Works of Art and Handicraft, Journal of Cultural 
Heritage 4 (2003) 317s–320s. 
   
D.C. Smith, Letting loose a laser: MRM (Mobile Raman Microscopy) for archaeometry 
and ethnomineralogy in the next millennium, Mineralogical Society Bulletin 125 (1999) 
3–8.  
  
D.C. Smith, Pigments Rouges et Bleus sur Cinq Oeuvres d’Ame´ rique: Analyse Non-
destructive par MRM (Microscopie Raman Mobile), Techne 11 (2000) 69–83. 
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D.C. Smith, A. Barbet, A Preliminary Raman Microscopic Exploration of Pigments in 
Wall Paintings in the Roman Tomb Discovered at Kertch, Ukraine, in 1891, Journal of 
Raman Spectroscopy 30 (1999) 319–324. 
   
D.C. Smith, M. Bouchard, M. Lorblanchet, An initial Raman microscopic investigation 
of prehistoric rock art in caves of the Quercy District, S.W. France, Journal of Raman 
Spectroscopy 30 (1999) 347–354. 
   
D.C. Smith, C. Carabatos-Nedelec, Raman spectroscopy applied to crystals: phenomena 
and principles, concepts and conventions, in: I. Lewis, H.G.M. Edwards (Eds.), A 
Handbook on Raman Spectroscopy, Marcel Dekker, New York, 2001, pp. 349– 422. 
   
D.C. Smith, C. Carabatos-Nedelec, M. Bouchard, VITRORA-MAN: establishing a 
database on the Raman spectra of pigments on and in stained glass. GEORAMAN’99, 
1999, pp. 36–37. 
   
D.C. Smith, F. Gendron, Archaeometric application of the Raman microprobe to the non-
destructive identification of two pre-Columbian ceremonial polished ‘greenstone’ axe-
heads from Mesoamerica, Journal of Raman Spectroscopy 28 (1997) 731–738. 
   
D.C. Smith, S. Robin, Early Roman empire intaglios from ‘rescue excavations’ in Paris: 
an application of the Raman microprobe to the non-destructive characterization of 
archaeological objects, Journal of Raman Spectroscopy 28 (1997) 189–193. 
   
D.C. Smith, J.D. Vernioles, The temperature of fusion of a Celtic vitrified fort: a 
feasibility study of the non-destructive characterization of unprepared archaeological 
objects, Journal of Raman Spectroscopy 28 (1997) 195–197. 
   
G.D. Smith, R.J.H. Clark, Raman microscopy in art history and conservation science, 
Reviews in Conservation 2 (2001) 92–106. 
   
G.D. Smith, R.J.H. Clark, The role of H2S in pigment blackening, Journal of Cultural 
Heritage 3 (2002) 101–105.  
  
G.D. Smith, A. Derbyshire, R.J.H. Clark, In situ spectroscopic detection of PbS on a 
blackened manuscript illumination by Raman microscopy, Studies in Conservation 47 
(2002) 250–256. 
   
R.J. Speakman, H. Neff, Evaluation of painted pottery from the Mesa Verde region using 
laser ablation-inductively coupled plasma-mass spectrometry (LA-ICP-MS), American 
Antiquity 67 (2002) 137–144. 
   
J.D. Stewart, K.R. Adams, Evaluating visual criteria for identifying carbon-and iron-
based pottery paints from the Four Corners Region using SEM–EDS, American Antiquity 
64 (1999) 675–696. 
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J.D. Stewart, K.R. Adams, G.J. Borradaile, A.J. MacKenzie, Investigations of paints on 
ancestral Puebloan black-on-white pottery using magnetic and microanalysis methods, 
Journal of Archaeological Sciences 29 (2002) 1309–1316. 
   
K. Trentelman, L. Stodulski, D. Scott, M. Back, S. Stock, D. Strahan, A.R. Drews, A. 
O’Neill, W.H. Weber, A.E. Chen, S.J. Garrett, The characterization of a new pale blue 
corrosion product found on copper alloy artifacts, Studies in Conservation 47 (2002) 
217–227. 
  
H. Tsuda, J. Arias, B. Leon, J. Arends, Necessary precautions in the Raman analysis of 
calcium phosphate minerals using 1.06 mm YAG laser excitation, Applied Spectroscopy 
52 (1998) 1122–1126. 
   
C. Wang, B. Lu, J. Zuo, S. Zhang, S. Tan, M. Suzuki, W.T. Chase, Structural and 
elemental analysis of the nanocrystalline SnO2 in the surface of ancient Chinese black 
mirrors, Nano-structured Materials 5 (1995) 489–496. 
  
X. Wang, C. Wang, J. Yang, L. Chen, J. Feng, M. Shi, Study of Wall-Painting Pigments 
from Feng Hui Tomb by Raman Spectroscopy and High-Resolution Electron 
Microscopy, Journal of Raman Spectroscopy 35 (2004) 274–278. 
   
J. van der Weerd, S. Firth, R.J.H. Clark, T. Rehren, Identification of iron oxide impurities 
in early industrial-scale processed platinum: the three Rouble Russian coin of 1837, 
Materials Characterization, submitted for publication. 
   
J. van der Weerd, G.D. Smith, S. Firth, R.J.H. Clark, Identification of black pigments on 
prehistoric southwest American potsherds by infrared and Raman microscopy, Journal of 
Archaeological Sciences, in press. 
   
[143] H.G. Wiedemann, E. Arpagaus, D. Mu¨ ller, C. Marcolli, S. Weigel, A. Reller, 
Pigments of the bust of Nefertete compared with those of the Karnak Talatats, 
Thermochimica Acta 382 (2002) 239–247. 
   
A.C. Williams, H.G.M. Edwards, B.W. Barry, The ‘iceman’: molecular structure of 
5200-year-old skin characterised by Raman spectroscopy and electron microscopy, 
Biochimica et Biophysica Acta 1246 (1995) 98–105. 
   
A.A. Wilson, H.G.M. Edwards, D.W. Farwell, R.C. Janaway, Fourier transform Raman 
spectroscopy: evaluation as a non-destructive technique for studying the degradation of 
human hair from archaeological and forensic environments, Journal of   
Raman Spectroscopy (1999) 367–373. 
   
M. Windholz (Ed.), The Merck Index, Merck & Co., Inc., Rahway, N.J., 1976.   
W. Winkler, E.C. Kirchner, A. Asenbaum, M. Musso, A Raman spectroscopic approach 
to the maturation process of fossil resins, Journal of Raman Spectroscopy 32 (2001) 59–
63. 
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R. Withnall, A. Derbyshire, S. Thiel, M.J. Hughes, Raman microscopic analysis in 
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