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The General lssues

Forensic Studies of Stamps Issued

~-by the Confederate States of America Part II.

The Engraved 2-Cent Andrew Jackson Issue

By Col. Harry G. Brittain

Figure 1. Example of a CSA-8 block, illustrating the pale-red
color of the stamp images from the
first printing of this issue,

graphic process, and these were followed by stamps printed by means of typography. It is
known that Confederate postmaster-general, John H. Reagan, sought to print stamps whose
quality equaled those printed by the United States Post Office Department, and eventually the Con-
federacy developed the technology necessary to print stamps by the intaglio process using steel plates.

One of these steel-plate engraved stamps was designed and line engraved by Frederick Halpin, and
featured a portrait of Andrew Jackson that is thought to have been modified from either a miniature
by John Woed Dodge or a painting by Miner Kilbourne Kellog. The image achieved by Halpin is quite
similar to the vignette of the United States 2-cent stamp of 1863 (i.e., Scott No. 73). The earliest recorded
date of use is April 21, 1863, and this issue was most often used to pay the two-cent drop letter and
printed circular rates'2,

There were 1,650,000 stamps printed from a single steel plate, which contained two hundred subjects
that were further divided into panes of one hundred and separated by a vertical gutter. There was no
inscription used on the plate, and at least two printings are known to have been made. The images of
the first printing have been characterized as pale-red, while the images of subsequent printings are de-
scribed as being brown-red of varying shades'. Examples of the stamp colors associated with the two
printings are found in Figures 1 and 2.

The initial stamps printed by the Confederate States of America were produced using a litho-
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Figure 2. Example of a CSA-8 block, illustrating the
darker brown-red color of the stamp images from the
— Jecond printing of this issue.

In the preceding paper in this series?, the forensic analytical method of infrared absorption spectros-
copy (coupled with attenuated total reflectance sampling) was shown to be highly suitable for the study
of substances absorbed onto surfaces, and this technique was used to identify components contained in
the various printing inks. In addition, since X-ray diffraction was appropriate for studies of the crystal-
line nature of surfaces (and since the X-rays penetrate more deeply into the medium), this technique
was used to characterize the paper used in the various printings. The synergistic use of the FTIR and
XRD methodologies has been discussed in sufficient detail in the preceding paper*, and more detailed
discussions of the technology are available®¢, The present work describes the use of this technology to
obtain a deeper understanding of the ink and paper used in the printings of the CSA-8 issue’.

Also as discussed in the previous work, it has been established that microcrystalline cellulose (MCC)
is an excellent model compound for building characterization studies of stamps issued by the Confed-
eracy. In particular, one can prepare synthetic mixtures of MCC with compounds of interest in order to
obtain verification that such compounds are present in either the ink or the paper of a stamp.

Study of the Paper Used in Printings of the CSA-8 Issues

Figure 3 contrasts the XRD patterns of microcrystalline cellulose with the corresponding spectra
obtained from the non-printed regions of stamps having large margins. Also shown in this figure is the
XRD pattern obtained from a physical mixture, prepared to contain microcrystalline cellulose (MCC)
and white kaolin clay in an approximate 3:1 ratio. It is immediately evident from an examination of the
figure that different types of paper were used in the first and second printings of the CSA-8 stamps.

The XRD analysis demonstrates that the paper used in the first printing did not contain crystallirie -

fillers, and that the cellulose in the paper contained the usual types of crystalline domains known in
the literature as lattice types Ia and 13%°, On the other hand, the paper used in the second printing was
definitely found to contain significant amounts of kaolin clay as the filler, as evidenced by the XRD
peaks at scattering angles of 12.25 and 25 degrees 26.

Although not as revealing as the XRD patterns, FTIR spectroscopy can also be used to distinguish be-
tween the paper used in the two printings of the CSA-8 stamps. As shown in Figure 4a, the FTIR spectra
of the paper used in the first printing is effectively that of cellulose, while the expanded FITR spectra of
Figure 4b permit one to observe the peak that is associated with absorption by the kaolin component.
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It is therefore concluded from this forensic analysis that the presence or
absence of the kaolin component in either the X-ray diffraction pattern or in
the infrared absorption spectrum of a 2-cent Andrew Jackson stamp can be
used to determine whether a given stamp corresponds to the first or second
printing of this issue. The presence of kaolin clay is demonstrative that the
stamp was from the second printing, and this is most evident in the XRD pat-
tern (i.e., scattering peaks at angles of 12.25 and 25 degrees 20).

Studies of the Stamp Surfaces of the CSA-8 Issues

Since in the previous study?, it was established that the XRD patterns obtained from the printed faces
of CSA-6 and CSA-7 stamps were superimposable with those obtained for the paper on which these
stamps were printed, it was concluded that the XRD patterns did not contain any contribution from
the printing ink. This conclusion is reasonable, considering that the layer of ink on the surface of a ty-
pographed stamp (or a lithographed stamp) is fairly thin. However, the surfaces of stamps produced by
an intaglio process will generally contain a thicker ink layer', and therefore the forensic scientist must
account for ink contributions in both the XRD patterns and in the FTIR spectra.

Figure 5 contrasts the XRD patterns obtained for representative examples of both printings of CSA-8
surfaces with the XRD patterns obtained for the non-printed margin regions of stamps from the same

Second printing

MCC+kaolin

Relative Intensity

5 1o 15 20 25 30 35 40
Scattering Angle (degrees 26)

Figure 3. X-ray diffraction patterns of microcrystal-
line cellulose, the corresponding XRD patterns of the
non-printed margins of the reference stamps, and the
XRD pattern of MCC to which approximately 30%
(by weight) of kaolin clay has been added.

printings. It was found that the XRD patterns of both printings contained an additional peak at a scat-
tering angle of approximately 11.5 degrees 20 that was not observed in the XRD patterns of the paper,
and that the relative intensity of this peak was invariably greater in stamps of the second printing than
it was in stamps of the first printing.

The identity of the XRD peak at 11.5 degrees 20 was established by blending various plausible ink
filler compounds into microcrystalline cellulose, and determining which of these would yield a XRD
scattering peak at the requisite angle. After experimentation, it was determined that the additional peak
was due to the presence of the mineral gypsum (i.e., hydrated calcium sulfate) in the ink. This analysis
is llustrated in Figure 6.

Since the paper used for the stamps of the first printing did not contain kaolin, only a single weak
peak at 11.5 degree 20 is observed in the XRD patterns of those stamps. However, the presence of both
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Second printing

MCC+kaolin

Absorbance

First printing
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Mcc

800 a0 1000 1200 1400 1600

Wavenumber {cm™)

Figure 4a. Full infrared absorption spectra of micro-
crystalline cellulose, the corresponding FTIR spectra
of the non-printed margins of the reference stamps, and
the FTIR spectrum of MCC to which approximately
30% {by weight) of kaclin clay has been added.

"y

kaolin and gypsum in the stamps of the second printing yields a doublet of peaks noted at low angles in
the XRD patterns, namely at 11.5 degree 26 (gypsum) and 12.25 degree 26 (kaolin). This peak doublet
is diagnostic of CSA-8 stamps from the second printing. However, the ratio of relative intensities of
the 11.5 degree 28 gypsum peak and the 12.25 degree 20 kaolin peak were found to vary considerably
among the 39 stamps studied, and this observation suggests that study of the ink in the stamps of the
second printing may yield additional information.

Further insight into the printing inks of the first and second printings was obtained using infrared
absorption spectroscopy. Figure 7 shows the FTIR spectrum obtained from the face of a margin block,
first printing CSA-8 stamp, which has been contrasted with the FTIR spectrum of the non-printed

region of that same block.

stamp-second

paper-second

Relative Intensity

paper-first

T T T ¥ T T T T

5 10 15 20 5 0 35 40
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i

Flgure 4b. Fmgerpnnt rcgibﬁ FTIR slﬁech‘a of mi;:ro-
crystalline cellulose, the corresponding FTIR spectra

of the non-printed margins of the reference stamps,

and the FTIR spectrum of MCC to which approximate-
Ly 30% (by weight) of kaolin ¢clay has been added. The

peak corresponding to the kaolin absorbance
has been marked.

MCC+gypsum
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Figure 5. X-ray diffraction patterns obtained of the

faces of CSA-8 stamps, and the corresponding

XRD patteras of the paper used in the printing
of these stamps.

cicai

Figure 6. X—my diffraction patterns obtained of the

faces of CSA-8 stamps, and the XRD pattem of mi-

crocrystalline cellulose to which approximately 15%

(by weight) of gypsum mineral has been added.
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Examination of Figure 7 reveals the existence of a number of additional absorption bands in the FTIR
spectrum of the stamp face that are not present in the FTIR spectrum of the paper on which that stamp
was printed, and these are especially evident in the fingerprint region of the FTIR spectra,

However, upon further analysis it was determined that the systemn is not as complicated as first ap-
pears, and in fact all of the additional absorption bands can be attributed to the simultaneous presence
of both gypsum and chalk (i.e, calcium carbonate) extenders in the printing ink. To demonstrate this,

" “samples of microcrystalline cellulose were separately blended with gypsum (see Figure 8) and chalk

(see Figure 9), and the FTIR spectra of these blends were obtained. As evident in the two figures, all of
the absorption bands in the FTIR spectrum of the CSA-8 stamp can be attributed to the presence of cel-
lulose, gypsum, and chalk. Interestingly, the amount of chalk and gypsum in the ink are only sufficient
50 as to barely permit their observation in the XRD pattern of stamps from the first printing.

As discussed above, the stamps of the second printing can be easily distinguished from those of the
first printing by the presence of kaolin clay in the paper used for the second printing. A total of 39
examples of the second printing were characterized as to their FTTR spectra, and these were found to
fall into two distinguishable classes. One of these types (14 examples) was found to exhibit a gypsum

MCC+gypsum

stamp-first

Absorbance
Absorbance

paper-first :m e stamp-first
i
500 1100 1500 2100 2600 3100 3600 . 500 800 fobo {200 1400 1600
Wavenutber {cir} . Wavenumbar (cm")
Figure 7. Infrared absorption spectrum of the inked Figure 8. Fingerprint region FTIR spectrum of the

portion of a CSA-8 block (first printing}, and the inked portion of a CSA-8 block (first printing), and the
FTIR spectrum obtained on the unprinted paper FTIR spectrum of MCC to which approximately 50%

margin of that block. (by weight) of gypsum has been added.

absorption band that was only 20% larger than the cellulose, while the type (25 examples} exhibited a
gypswn absorption band that was at least 50% more intense than that of the cellulose band. In fact, the
gypsum absorption was often so intense that the underlying cellulose absorption band could barely be
distingnished. Representative examples of these FTIR spectra types are found in Figure 10.

It is concluded that one can use a combination of XRD and FTIR analysis to determine whether a
given CSA-8 stamp is from the first or from the second printing. In addition, for stamps of the second
printing, a careful analysis of the FTIR spectrum enables one to determine the particular ink type that
was used in printing of the stamp. These conclusions are summarized as follows:

» First Printing: The XRD pattern contains very little contribution from any crystalline component.
The FTIR spectrum contains contributions from gypsum and chalk ink fillers, but the intensity of the
gypsum peak at 1110 cm! is invariably smaller than the intensity of the cellulose peak at 1055 em™.

» Second Printing (type-A): The XRD pattern contains peaks associated with the presence of kaolin
in the paper (12.25 and 25 degrees 26) and a peak associated the presence of gypsum (11.5 degrees 20).
The FTIR spectrum contains contributions from gypsum (as indicated by a peak at 1110 cm™) and
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MCC+chalk
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Figure 9. F'méerprint regibn FTIR sple“ct-l;um 6f thé Figure 10. Infrared absorp;ti.on spectrum in the fin-
inked portion of a CSA-8 bleck (first printing), and the gerprint tegion of the inked portions of CSA-§ blocks
FTIR spectrum of MCC to which approximately 50% {second printing} illustrating the two ink types, and the

(by weight) of chalk has been added. FTIR spectrum obtained on an unprinted paper margin,

chalk (as indicated by a broad band at 1400 cm*) ink fillers, but the intensity of the gypsum peak is at
most 20-25% larger than the intensity of the cellulose peak at 1055 cm.

« Second Printing (type-B): The XRD pattern contains peaks associated with the presence of kaolin
in the paper (12.25 and 25 degrees 20} and a peak associated the presence of gypsum (11.5 degrees 28).
The FTIR spectrum contains contributions from gypsum (as indicated by a peak at 1110 cm™) and
chalk (as indicated by a broad band at 1400 cm') ink fillers, but the intensity of the gypsum peak is at
least 50% larger than the intensity of the cellulose peak at 1055 cm™.

Identification of the Brown Pigment in the Ink of the CSA-8 Issues

So far, XRD analysis has been used to distinguish between the types of paper used in the first and sec-
ond printings, and FTIR spectroscopy has been used to classify the ink types used in these same print-
ings. Conspicuously absent from the discussion has been the identification of the brown pigment used
in the ink that gave the stamps their distinctive color. This situation has arisen since the ink pigment
did not contribute to the XRD pattern and was not observed within the spectral range (i.e., 600-4000
cm) that was accessible to the attenuated total reflectance (ATR) accessory of the FTTR spectrometer.

However, given the practices of the time, it is most likely that the brown color was due to the presence
of red iron oxides, most likely in the form of ochre or sienna pigments. It has been noted that ochre of
fair quality has been mined in Georgia and Virginia.!! The most typical source of red iron oxide is the
mineral hematite, and that this compound exhibits very little infrared absorbance at energies higher
than 600 cm.!2

In order to obtain the necessary characterization information the ATR accessory was removed from
the spectrometer, and spectra were obtained as dispersions in potassium bromide (KBr) pellets. In
this manner, the analyzed range could be extended as low as 400 cm™, and so Figure 11 contains the

spectrum of finely ground hematite dispersed in microcrystalline cellulose. In order to obtain the FTIR.

spectrum of a CSA-8 stamp that is also shown in Figure 11, a small scraping of the surface of a second
printing {type-B) stamp was made, and that scraping dispersed in a KBr pellet.

Examination of Figure 11 reveals that the same pattern of FTIR absorption bands over the spectral
range of 400-600 in the spectrum of the scraping taken from the CSA-8 stamp is present in the spec-
trum obtained by the blending of hematite in microcrystalline cellulose. Therefore, it is concluded that
the red pigment in the CSA-8 issues is due to the presence of red iron oxides, most likely in the form of
the mineral hematite, although the iron oxides could be contained in a ochre pigment.
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Figure 11. Infrared absorption spectra in the
fingerprint region of the scraping from the surface of
a second printing {type-B) CSA-8 stamp, and the FTIR
spectrum of MCC to which approximately 20% (by
weight) of hematite has been added. Both spectra
were obtained in potassium bromide pellets.

The Unexpected Effect of Soaking a CSA-8 Stamp in Water

Figure 12. Infrared absorption spectra in the finger-

print region of a second printing, type-A, CSA-8 stamp
as initially characterized, and after the exact same

stamp was soaked in water. Also shown are the FTIR

spectra obtained for MCC blended with gypsum,

and MCC blended with chalk.

During the investigational phase of the study, a number of stamps were encountered that did not ex-
hibit the XRD and FTIR profiles characteristic of the stamps described above. While the XRD of several
stamps identified them as being from the first printing, their FTIR spectra lacked any contribution from
gypsum. The XRD of stamps from the second printing exhibited strong peaks due to the kaolin filler
in the paper, but the characteristic gypsum peak at 11.5 degrees 26 was missing. In addition, the FTIR

spectra of these stamp showed a strong peaks ass
from gypsum. "

Relative Intensity

CSA-8, soaked

CSA-8, Inltial

MCC+gypsum

ociated with chalk extender, but not any contribution
Bl

T

5 10 15 20
Scattering Angle (degrees 26)

25

35 40

Figure 13, X-ray powder diffraction pattern of a
second printing, type-A, CSA-8 stamp as initially char-
acterized, and after the exact same stamp was soaked
in water. Also shown is XRD pattern of microcrystal-
line cellulese to which approximately 15% (by weight)
of ground gypsum mineral has been added.
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A clue to the origin of these stamnps was that every one had no gum. This presumably arose from the
used stamps having been soaked off their cover, and from the unused stamps having been soaked to
remove the gum.

Uniike the effectively water-insoluble components in the ink and paper of the CSA-8 issues described
thus far (cellulose, hematite, and chalk}, gypsum is readily soluble in water (approximately 0.7 grams of
hydrated gypsum will dissolve in 100 miliiliters of water'). Given this solubility value, the small amount
of gypsum that could be present in the ink layer of a stamp, and the relatively large amount of water that
collectors normally use in stamp soaking, it would seem highly likely that the stamps lacking a gypsum
component have lost that component due to a soaking process.

To investigate this process, one of the CSA-8 second printing (type-A) stamps that had been fully
characterized was soaked in excess water for five minutes and allowed to dry. Figure 12 contains the
initial FTIR spectrum of the stamp, as well as the FTIR spectrum of the same stamp after water soaking
and subsequent drying. Also included in the figure are the FTIR spectra of mixtures of microcrystalline
cellulose with gypsum and with chalk.

It is clear from this study that soaking a CSA-8 stamp fundamentally changes the ink composition of
that stamp by removing the gypsum extender from the ink. The loss of the gypsum component upon
soaking a CSA-8 stamp in water is highly evident in the XRD patterns, as shown in Figure 13.

Conclusions

It has been determined that the first and second printings of the 2-cent Andrew Jackson stamp were
made on different types of paper. Thesfirst printing was made on paper that was essentially cellulose in
composition, and that any paper-fillér was non-crystalline. The paper used in the second printing con-
tained significant amounts of kaolin clay as the filler, and hence one can use XRD analysis to determine
whether a given CSA-8 stamp was from the first or from the second printing. Because water has no
effect on the paper components, this differentiation is possible even for stamps that have been soaked
in water.

The printing inks used for the first and second printings of the CSA-8 issues contained the same
components, namely chalk, gypsum and hematite. However, the amounts of these components differed
throughout the printing history, and the ratio of the gypsum to cellulose absorbance in the FTIR spectra
is diagnostic. Stamps of the first printing are distinguished by a lower overall amount of pigment, and
the height of the gypsum absorbance never exceeds that of the cellulose absorbance.

Two distinct sub-types of the second printing can be identified on the basis of the ratio of cellulose
to gypsum absorbance in their FTIR spectra. In general, the larger amount of ink components charac-
teristic of the second printing type-B stamps is associated with their darker color relative to the second
printing type-A stamps. Given the accepted historical record that only two printings were made of the
CSA-8 stamps, it is possible that two ink formulators were working when the second printings were
‘made, and that each formulator prepared ink according to his particular preference.

To summarize, one can use forensic science to distinguish between the various categories of CSA-8
stamps through the use of the table on the following page.
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* The Various Categories of CSA-8 Postage Stamps *

e XRD pattern is effectively-that of cellulose.

=  FTIR spectrum contains contributions ﬁ'om gypsum and chalk. The
intensity of the gypsum peak at 1110 cm™ is lower in intensity relative to
the intensity of the cellulose peak at 1055 cm”’

First Printing =  XRD pattern is effectively that of cellulose.

First Printing

(water s FTIR spectrum contains a contribution only from chalk at approximalely
soaked) 1400 cm™.
e  XRD pattern contains peaks due to kaolin (12.25 and 25 degrees 20) and
Second gypsum (11.5 degrees 26) in the paper.
Printing s FTIR spectrum contains contributions from gypsum and chalk. The
(type-A) intensity of the gypsum peak at 1110 em™ is af most 20-25% larger than

the intensity of the cellulose peak at 1055 em”!
e  XRD patiern coniains peaks due to kaolin (12. 25 and 25 degrees 20) and

Second gypsum (11.5 degrees 26) in the paper.

Printing e FTIR spectrum contains contributions ﬁ'orn gypsum and chalk. The

(type-B) intensity of the gypsum peak at 1110 em lis peak at least 50% larger than
the intensity of the cellulose peak at 1055 em™

sgfg::; s  XRD pattern contains peaks due to kaolin only (12.25 and 25 degrees 20).

(water FTIR spetl:trum contains a contribution only from chalk at approximately
1400 em™.

soaked)




