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EXPERIMENTAL 

•  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. 

•  When taking Raman spectra: 

•  10x Objective must be  

 approximately 10 mm above surface 

 of manuscript 

•  Laser filter at 1% to ensure intensity 

  output of 2.0-2.5 mW and laser spot  

 size <10 µm  

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

•  Spectra were collected with a 532 nm laser (green) 

•  When taking XRF data: 

•  XRF gun must be in stand to ensure proper weight distribution 

•  Mylar window between surface of manuscript and XRF gun to prevent 
contamination and pages from ripping 

BOOKS OF HOURS 

•  ‘Medieval manuscripts’ refer to books produced by hand, mostly in Western 
Europe, from about the fifth century to the late fifteenth century, or the 
beginning of the Renaissance.1 

ABSTRACT 

•  A book of hours is a medieval devotional manuscript containing prayer 
text, pigment decoration, and gold leaf illuminations. 

•  The collaboration of the Art History and Chemistry departments provided 
an opportunity to study a 15th c. book of hours. 

•   The authenticity of a manuscript becomes more conclusive through 
pigment identification using analytical techniques. 

•   Confocal Raman microscopy provides a non-invasive, non-damaging, and 
highly sensitive method that can help characterize the compounds used 
within works of art.  

•  Additional information can be gained from using X-Ray Fluorescence 
(XRF), which can help gain an understanding of the elements present 
within the work.  

•  We present Raman spectra as well as XRF data of the red pigments used. 
Due to the fragile nature of the manuscript, we also present our 
experimental approach of handling the manuscript in data acquisition. 

RED PIGMENTS AVAILABLE IN 15TH C. 

•  In the 15th c., artists were extremely limited regarding available pigments and 
had to obtain colors from main sources such as minerals. 

•  Two wildly popular red pigments dating back to as early 
as 1st c. B.C.E. include vermilion, or mercury (II) sulfide, 
and red lead, or lead (II, IV) oxide.3 

•  Perhaps the Romans’ most valuable pigment, mercury 
(II) sulfide, or vermilion, is synthesized from the mineral 
cinnabar.3  

•  When vermilion became too expensive for a 
commissioner of a work, the artist would often 
adulterate the mercury (II) sulfide with lead (II, IV) oxide, 
or Pb3O4, lowering the overall cost due to lead (II, IV) 
oxide’s abundant and cheap nature compared to 
mercury (II) sulfide.3  

 

•  Books of Hours often begin with a 
Calendar section of the church year, 
listing saints’ days for each month, 
usually commemorating the day of a 
saint’s death.2  

•  The core of a Book of Hours contains 
the ‘Hours of the Virgin’, a standard 
collection of prayers and psalms to 
honor the Virgin Mary.1  

ANALYSIS OF RED PIGMENT  
•  The following conclusions can be drawn from the spectra: 

•  The spectra taken from the manuscript are quite complex. 

•  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. 

•  The spectra are showing peaks similar to that of mercury (II) sulfide powder, 
suggesting the red pigment used may include vermilion, or HgS. 

•  The spectra show fluorescence due to using a laser in the visible range (532 nm), 
which we hope to eliminate when we receive our new 785 nm near infrared laser.   

•  The following conclusions can be drawn from the XRF data: 

•  There is a relatively similar amount of mercury present on all parchment in the 
Calendar, suggesting a baseline of the average amount of mercury present. 

•  The mercury levels increase substantially when taking XRF of the red pigment, 
suggesting mercury is a component in the red pigment. 

•  The lead levels decrease substantially when taking XRF of the red pigment, 
suggesting lead is not a component in the red pigment, but rather sticking to the 
parchment itself from the atmosphere. 
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a and b: Raman spectra with 532 nm laser of red pigment on folios 3v and 9v in the 
Calendar quires and 13v and 15v in the Hours of the Virgin quires of the manuscript 
respectively compared to spectra of the blank parchment and chemical grade HgS powder 
c and d: Folios 5v and 13v of the manuscript respectively. The arrows are a guide to the eye 
to show where spectra were taken from the manuscript. 

CONCLUSION 
•  We gained preliminary evidence suggesting the red pigment used in the Calendar is 

most likely the same as the red pigment within the Hours of the Virgin.  

•  There are high levels of mercury in the red pigment, suggesting mercury (II) sulfide, or 
vermilion, may have been used. We also see similarities between the spectra of the 
red pigment and that of chemical grade HgS powder. 

•  We also conducted a preliminary investigation of the ink and blue pigments used via 
XRF and saw high levels of iron and copper respectively (data not shown). Preliminary 
analysis suggests iron gall ink may have been used in the Calendar, and azurite may 
be the blue pigment throughout both the Calendar and Hours of the Virgin. 

•  This is only a preliminary examination of the manuscript, and we plan to further 
investigate the pigments and inks used with our new 785 nm laser, hopefully 
eliminating much of the fluorescence we are seeing.  

Folio 9r; Calendar. Folio 31r; Hours of the Virgin. 

Top: Cinnabar and mercury 
(II) sulfide, dry-process type.3 

Bottom: Lead (II, IV) oxide 
and minimum.3 

Manuscript in cradle apparatus with 10x 
objective. 
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On the left: XRF data of the mercury levels on the parchment and red pigment on every folio, both recto and verso, in the Calendar. On the 
right: XRF data of the lead levels on the parchment and red pigment on every folio, both recto and verso, in the Calendar. 

Red 
Pigment on 
Folio 14v in 

Calendar 
via 10x 

Objective. 


