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My name is Caren Sullivan and I am 
a senior at Lawrence University 
(‘16). Over the summer of 2015, I 
was fortunate enough to work on a 
project regarding the exploration of 
Art History Professor Benjamin 
Tilghman’s medieval 15th c. 
illuminated manuscript via funding 
from the Skran Fellowship. I 
explored the pigments within the 
manuscript via a chemical analysis 
using Raman Spectroscopy. This 
particular poster describes the 
analysis of the red pigment used in 
the manuscript. I am continuing this 
work over the school year 2015—16 
as my senior experience project.  

THE MANUSCRIPT 
•  This book of hours contains a Calendar section 

(shown at left) 
•  This section highlights days of each month 

commemorating a specific saint or event (often 
chosen by the owner) 

•  This particular Calendar features black ink and 
red, blue, and gold pigments 

•  This section is pages 1—12 of the manuscript 

•  The bulk of the text is a series of prayers known 
as the Hours of the Virgin (shown at right) 

•  This series of prayers is intended to be recited by 
the owner throughout the day at specific times 

•  Generally, each prayer begins with an illuminated 
and decorated page similar to the example shown 
at the right. 

•  This section is pages 13—104 of the manuscript 
•  Our major question concerning this manuscript is 

whether the Calendar is original to the manuscript 
or possibly added at a later date 

      THE MANUSCRIPT UNDER THE RAMAN 

•  Due to the fragile nature of the manuscript, all data collection must 
occur while the book is carefully cradled by an apparatus constructed 
specifically for this manuscript by  
Allison Peregrine, ‘15. 

•  Raman: JY Horiba XPlora Confocal                                                             
Raman Microscope with Olympus BX51  

•  Spectra collected with a 785 nm laser  

•  Laser filter at 1% to ensure intensity                                                       
output of 2.0-2.5 mW and laser spot                                                              
size <10 µm  

•  10x Objective must be approximately                                                                 
10 mm above surface of manuscript 

•  Average of 5 acquisitions, 2 seconds each, for a total exposure 
time of 10-20 seconds 

Manuscript in cradle apparatus with 10x 
objective. 

Folio 9r; Calendar. 

Folio 31r; Hours of the Virgin. 
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Pigment analysis of 15th century illuminated book of 
hours by Raman microscopy 

ANALYSIS OF RED PIGMENT 
•  The spectra of the red pigments show extremely similar 

chemical signatures between the red pigment used in the 
Calendar and in the Hours of the Virgin respectively 

•  All three spectra show two sharp peaks: a larger peak at about 
270 cm-1 and a smaller peak at about 360 cm-1 

•  The extreme similarities between the spectra collected from the 
manuscript and the standard HgS spectra support the presence 
of the HgS pigment within the manuscript text 

a: Raman spectra of red pigment used in text on folio 3v in the Calendar section (pink) 
and folio 84r in the Hours of the Virgin section (purple), respectively. These spectra 
were then compared to literature spectra of HgS, a red pigment also known as 
vermillion. 
b and c: Folios 3v and 84r, respectively. The arrows show where spectra were collected. 
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FUTURE WORK 
•  Currently, I am synthesizing my own iron gall ink from medieval 

recipes working to recreate the ink used within the manuscript. I 
plan to collect Raman spectra of my synthesized ink on 
purchased medieval parchment and compare to spectra of the 
manuscript 

•  The blue pigment used within the manuscript will also be 
investigated through Raman spectra. We speculate the blue 
pigment to be azurite, Cu3(CO3)2(OH)2 


