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Executive Summary 

We have performed FT-IR microspectroscopic analysis on both sides of the “Gospel of Jesus’ 

Wife” (GJW) and the “Gospel of John” (GosJohn) papyrus fragments. Professor Karen L. King 

of Harvard University provided the papyrus fragments on Tuesday, November 5th 2013. 

 

GJW 

 The fragment is predominantly composed of oxidized cellulosic material, which is 

consistent with old papyrus. 

 

 The fragment is largely homogenous in chemical composition. We found one anomalous 

feature that we were unable to identify. We did not observe any major spectral 

differences between ‘bare’ papyrus and papyrus coated with ink. We did not observe any 

major spectral differences between the recto and verso sides of the papyrus fragment.  

 

 The degree of oxidation is similar to that of the GosJohn fragment; however, the GJW 

fragment appears to be slightly less oxidized overall than the GosJohn fragment.  

- Oxidation of the fragments is dependent on both their storage conditions and their 

ages, among other factors.  
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GosJohn 

 The fragment is predominantly composed of oxidized cellulosic material, which is 

consistent with old papyrus. Our analysis indicates that the extent of oxidation is slightly 

greater than the GJW fragment. 

 

 Like the GJW fragment, the GosJohn fragment is mostly homogeneous in chemical 

composition with no significant differences between (i) bare papyrus and papyrus 

covered in ink and (ii) between the recto and verso sides.  

 

 The GosJohn fragment shares a majority of characteristic spectral features with the GJW 

fragments.  
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Introduction 

In 2012, Prof. Karen King of Harvard University revealed a papyrus fragment written in 

Egyptian Coptic to contain language that possibly makes reference to a wife of Jesus.1 An 

important and controversial document for early Christian history, it was immediately determined 

that the veracity of the fragment must be independently verified.  

On November 5th 2013, Prof. King transported two papyrus fragments, hereafter referred to as 

the Gospel of Jesus’ Wife (GJW) and the Gospel of John (GosJohn), to the Center for Materials 

Science and Engineering (CMSE) at the Massachusetts Institute of Technology. The CMSE is 

home to a Fourier transform infrared microspectrometer (μ-FTIR), which is an instrument that 

combines a Fourier transform infrared spectrometer with a microscope. Through the 

identification of specific types of chemical bonds in a material, this instrument allows for a non-

destructive, highly sensitive method for surface analysis of materials. As such, a team was 

assembled to utilize this instrument for the analysis of GJW in order to determine if its chemical 

composition matches what would be expected of an ancient papyrus fragment. Another papyrus 

document, GosJohn, was used as a 

control.    

The team for this analysis included Prof. 

Karen King of Harvard University who 

conducted the transfer of the samples to 

the microscope, Prof. Timothy Swager of 

MIT who provided technical guidance, 

two graduate students from his lab, 

Joseph Azzarelli and John Goods who 

performed all spectroscopic 

measurements, and the CMSE facility 

FTIR manager, Timothy McClure (not 

pictured) who provided initial training for 

the use of the microscope. This report 

will document the procedure undertaken 

by this team in the analysis of GJW and 

the results of the analysis. 
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Fourier Transform Infrared Microspectroscopy 

Infrared spectroscopy is a non-destructive analytical technique in which infrared light is either 

passed through or reflected off of a material of interest in order to probe its chemical 

composition.2  Specifically, IR spectroscopy provides information about the types of chemical 

bonds present in a material. When molecules are exposed to infrared light, they selectively 

absorb radiation of specific wavelengths, which causes the molecules to enter a vibrational 

excited state. By observing which frequencies are absorbed by a sample and which are not, we 

gain information about what types of bonds are present. This is possible because the frequency of 

light absorbed is related to a given bond’s vibrational energy gap, which in turn is dependent on 

both the bond’s strength and polarity. In addition to the specific frequency of absorbed light, the 

intensity and shape of peak, which corresponds to that absorption in the spectra, provide valuable 

information about the type of bond present. Because there are many different types of chemical 

bonds and they can be combined in a nearly infinite number of ways, almost every molecule has 

a unique infrared absorption spectrum. As IR spectroscopy was invented in the 1950s, 

characteristic features of infrared spectra and the types of bonds they represent are well 

established in the literature and in common chemical knowledge. When coupled with a 

microscope, the FTIR spectrometer enables spot analysis and characterization of surfaces, such 

as a papyrus fragment. 
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Experimental 

μ-FTIR instrumental setup 

A Thermo Fisher FTIR6700 Fourier Transform Infrared Spectrometer attached to a Thermo 

Fisher Continuum Fourier Transform Infrared Microscope was used to collect FTIR spectra of 

the samples investigated in this study. The instrument was operated in reflection mode (100 μm x 

100 μm spot size) through a 10x objective. The instrument was calibrated in reflection mode 

with a gold-plated mirror.  

Handling and mounting of papyri fragments 

Prof. King carried out all handling of both papyri fragments. The GJW papyrus fragment was 

removed from the Plexiglass housing in which it was received and, with the aid of an anti-static 

cartridge, carefully transferred to an “Eterno” board composed of acid and lignin free cellulose 

pulp. Two smaller “Eterno” board pieces were placed on the edges of the fragment, and plasma 

cleaned microscope slides were placed on top of these “Eterno” board pieces in order to keep the 

fragment from moving (Figure 2a). The cellulose pulp board, which contained the mounted 

fragment, was then carefully placed on top of the microscope stage (Figure 2b). Analysis of the 

fragment was carried out on both the recto and verso sides; as such, the fragment was inverted in 

the course of the analysis.  

The GosJohn papyrus fragment was removed from its Plexiglass housing and mounted to 

“Eterno” board in a manner analogous to the GJW fragment. Analysis of the fragment was 

carried out on both the recto and verso sides; as such, the GosJohn fragment was also inverted in 

the course of the analysis. 

Photographs of papyri fragments 

Optical images of GJW (Figure 3) and GosJohn (Figure 4) papyri fragments were acquired on 

the day of analysis with a Canon G12 digital camera under indoor fluorescent lighting 

conditions.  

Spot analysis of papyri fragments 

FTIR spectra were collected at the labeled locations on the samples, in triplicate (Figures 5 – 8). 

For example, using a motorized XYZ microscope stage, the sample was moved to the desired 

initial position. After focusing, an FTIR spectrum (4000 cm-1 to 800 cm-1) was acquired by 

averaging 128 scans (spot ‘a’). The second spectrum was acquired after moving the stage -200x 

μm and refocusing (spot ‘b’). Finally, the third spectrum was acquired after moving the stage 

+100x μm followed by -200y μm (spot ‘c’). Spots that were not analyzed in triplicate are labeled 

without a letter. 
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Results and Discussion 

From the thirty-one IR spectra acquired, it is immediately apparent that the primary component 

of the fragment material is cellulose, which is consistent with a papyrus substrate. There is little 

variation in spectral features across the document (Figure 9).  

 

Within the IR spectrum of papyrus, the most dominant peak is that which corresponds to the 

hydroxyl stretch centered at ~3400 cm-1. This peak is composed of both hydroxyl groups within 

the cellulose structure as well as water physisorbed to the cellulose. It has been previously 

reported that important primary information gleaned from IR analysis of ancient documents 

composed of cellulosic material is the decomposition of the material via oxidation.3 Oxidation of 

cellulose in air at room temperature has been studied by Shafizadeh and Bradbury; they found 

that in this case the favored location of oxygen attack was at the 1 and 4 positions of the 

glucopyranosyl units (Scheme 1).4 However, it should be noted that in addition to the mechanism 

in Scheme 1, there are many other possible pathways for cellulose oxidation. Specifically 

primary and secondary alcohols are prone to oxidation. Studies have suggested that the nature of 

these oxidative degradations are dependent upon inherent structural defects in the cellulose 

structure,5 pH,5 and humidity6. 
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We therefore focused our efforts upon identifying patterns of oxidation across the GJW fragment 

as well as comparing the observed oxidation to that of the GosJohn fragment. Fortunately, the 

carbonyl peak within an IR spectrum is typically one of the strongest and most readily 

identifiable; depending on the specific type of carbonyl functional group, the C=O stretch occurs 

from 1680 – 1750 cm-1.  The resolution of the spectrum is such that the different types of 

carbonyl species cannot be identified.  We expect that the dominant features are the result of 

ketones, carboxylic acids and amides.  In general, ketones will contribute most to the higher 

frequency absorbances with the carboxylic acids and amides dominating the lower frequency 

limits. The spectra in solids are complicated by intermolecular interactions and variable 

hydrogen bonding to the oxygens of the C=O groups, which also leads to broadening; higher 

hydrogen bonding levels shift the absorptions to lower frequencies. As such, we used a 

comparison of the relative widths of both the hydroxyl and carbonyl peaks to make qualitative 

assessments of the degree of oxidation across the document.  

This nature of oxidative aging is more readily observed when one compares the GJW and 

GosJohn fragments to a modern papyrus sample (Figure 10). IR spectra from modern papyrus 

display a significantly broader hydroxyl stretch than either of the fragments under investigation, 

with a large shoulder around 3100 cm-1. Furthermore, the carbonyl peak, a diagnostic 

spectroscopic feature indicating oxidative degradation, is absent from 1650 – 1750 cm-1 in the 

modern papyrus sample 
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Ink covered papyrus vs. ‘bare’ papyrus  

Only a slight difference in the sharpness of the carbonyl peak at ~1680 cm-1 was observed 

between ink covered papyrus and bare papyrus in either GJW or GosJohn fragments (Figure 11). 

This information is not sufficient to make any conclusions regarding the chemical composition 

of the ink. As our method relies upon reflected infrared radiation to generate a spectrum, black 

pigments that absorb well across the spectrum do not reflect the infrared light and therefore may 

pose an inherent problem for this type of analysis.  The additional peak at around 1600 cm-1 in 

the modern papyrus is likely from alkenes that are present in binders that are used in present-day  

processes. 
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Figure 11 shows a comparison between an ink covered area and ‘bare’ (i.e. not visibly covered in 

ink) papyrus in the GJW fragment. The spectra share a majority of characteristic spectral 

features. The primary difference between them appears to be the level of oxidation; in the ink 

spectrum, the hydroxyl stretch centered at ~3400 cm-1 is wider than the hydroxyl stretch in the 

bare papyrus. Yardley and Hagadorn’s report on micro-Raman spectroscopic characterization of 

the ink suggest that the ink on the fragment is carbonaceous.7 As a non-acidic ink, we would 

expect no increased degradation from its presence. Additionally, there is some minor variability 

between the sharpness of the peaks located in the region from 2950 – 2920 cm-1; we hypothesize 

that these correlate to alkyl C-H stretches of the cellulose. 

This lack of difference in the IR spectra of ink and bare papyrus is shared in the GosJohn 

fragment. As indicated in Figure 11, the spectra at 3c (ink covered) and 4a (‘bare’ papyrus) are 

devoid of clear diagnostic features that allow for clear differentiation of the two regions. 

Recto vs. Verso 

In comparing the recto and verso sides of the GJW fragment, we observe little difference on 

either side (Figure 12). With the exception of minor variations in degree of oxidation, the same 

major structural features and themes are present across both the recto and verso sides of the 

fragment.  

This structural parity across the recto and verso sides is shared in the GosJohn fragment (Figure 

13).  
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Unknown orange ‘spot’ 

An orange ‘spot’ of possible contamination was identified in section N4 of the recto side of the 

GJW fragment (Figure 5), and we attempted to analyze this spot to determine a possible identity. 

Though we were unable to definitively identity this spot, it was apparent that this contaminant 

had characteristic spectral features. First, in this location a carbonyl stretch centered at 1675 – 

1715 cm-1 is present, which represents the highest wavenumber for the carbonyl region we 

observed in the entire fragment.  Second, there appears to be an increased intensity in the 3000 – 

3100 cm-1 region that may correspond with carboxylic acid hydroxyl stretches. Though IR 

analysis of this spot offers some insight into possible chemical functional groups present, there is 

not enough information to determine a specific chemical identity of the contaminant. 
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Conclusion 

We performed an extensive IR microspectroscopic analysis of both the GJW and GosJohn 

fragments. This analysis revealed that both fragments are composed of oxidized cellulose, which 

is consistent with their composition as ancient papyrus. Both fragments possess similar spectral 

features and do not show significant variance across the recto and verso sides. As a result of  the 

limitations of the technique, we cannot offer any conclusions regarding the identity of the ink 

used on either fragment. In summation, nothing was found in the course of our analysis of both 

the Gospel of Jesus’ Wife and Gospel of John papyri fragments to suggest that the documents 

had been fabricated or modified at different times. These conclusions suggest that the documents 

should be considered to originate from the dates determined by other analytical methods. 
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